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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 
af ter its publication it became the object of assiduous study, at the main Protestant 
university of Wittenberg as weU 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 series 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 th at these were in better agreement 

. with. the observations than the Alphosine Tables. Foremost among them was 
Erasmus ReinhoId 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, Prutenicae Tabulae coelestium motuum (Tübingen, 1551). 
8) Joh. Stadius, EPhemerides novae et exactae, ab Anno 1554 (Köln, 1556). 
4) Ernst Zinner, Entstehung und Ausbreitung der coppemicanischen Lehre (Erlangen, 1943). 
5) Chr. Clavius, Opera mathematica V tomis distributa (Mainz, 1612). 
6) Kaspar Peucer, Hypotheses astronomicae (1571).-Hartmann Beyer, Quaestiones novae 

(1549-1573,6 impressions).-Michacl Neander, Elementa Sphaericae doctrinae (1561).-
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"Were tbere 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, 
tbe 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 yeady orbit. Though here the motions were only nominally 
different from Ptolemy's, the Tychonic system found adherence as a symptom 
of art incipient critical attitude towards the old doctrine. In Italy in 1585 
Benedetti spoke of the earth as a subordinate body 12). Giordano Bruno, extending 
tbe 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 yeady 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 af ter its publication (in Dutch in 1605, Work XI; i, 3) a 
Latin vers ion appeared in the Hypomnemata Mathematica (Work Xlb). A French 
translation of the Wisconstighe Ghedachtenissen was published by Girard in 1633 in 
his posthumous edition of the Works of Stevin: Oeuvres Mathématiques de Simon 
Stevin (Work XIII). 

Victor Strigel, Epitome doctrinae de primo motu (1564).-Heinrich Brucaeus, De motuprimo 
(1573-1604). Georg Bachman. Epitome Doctrinae de primo motu (1591) .-Albert Leoninus, 
Theoria motuum coelestium (1583).-Paolo Donati, Theoriche ouero Speculationi intoma alli 
Moti Celesti (1575).-J. A. Magini, EPhemerides coelestium motuum (1599-1616).-Jean 
Bodin, Uniuersae Naturae Theatrum (1597). 

7) Basie, 1566. 
8) Ernst Zinner, l.c., pp. 275-276. 
9) Alae seu Scalae Mathematicae (1573). 
10) Leonard Digges, A Prognosticon everlastinge. ; • (1576). 
11) Cf Tychonis Brahei Dani Opera VI, p. 217. 

·12) J. B. Benedicti Diuersae Speculationes, p. [95 and 256 (1585). 
13) Joh. Kepier, Mysterium Cosmographicum (1596). 
U) W. Gilbert, De Magnete, Magneticisque Corporibus, et de Magno Magnete Tellure ; 

Physiologia Nova (1600). 
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§ 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 assurnes 
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 dachtafeis" (empirical ephemerides). Though in 
the Definitions 22 and 23 he distinguishes the empirical ephemeridesas 
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 theory of the moving earth is introduced. His own opinion on this 
point is clearly shown by the fact that he caUs 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 ofthe 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 5h 
45m 55s. Finding that this deviates widely from Ptolemy's value (365d 5h 55m 
12s, which, however, we know to be tbo 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 (57'), 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 af ter that day equal arcs of 
longitude were described. 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
circurnferences 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 yeady 
increase of 5'13". The interval of 40 years of course is too small to give a reliable 
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result for this increasej hence he compares his longitude of the apogee with Ptolemy's 
value of 65°30', 1455 years eadier, from which follows a yeady progress of 1'20". 

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 her own orbit"j 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 fu11 moon and quarters. In order to avoid 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 period (the anomalistic month) of (written in sexagesimais) 27;32,56 
days, corresponding to 27d 13h lOm 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 (neady 45 years), in which the apogee made 5 revolutions, a daily 
increase of 6'35" is found (Ptolemy gave 6'41/1). Adding this motion of the 
apogee to the first-derived lunar motion relative to the apogee, he gets 13°10'35/1 
for . the daily motion in longitude. From direct comparisons of the longitudes 
af ter 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 oppositionsj tbe result in days and 
sexagesimals is 29;32 days (i.e. 29d 12h 48m). The corresponding daily progress 
in elongation (called by Stevin the moon's gain) is found to be 12°11'25/1, 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 
longitudej 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' stables" . 

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 tbe same longitude. To derive the longitude of Saturn's apogee, 
he makes use of tbe same method as with the sun; finding a longitude such 
that the arcs described in the same interval (here about 7 years) before and af ter 
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 tbe 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 Sacurn'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 o~.1ly as to the quantities. Hence we omit them in tbis edition. The 
same hold... 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, whère 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 thè utmost exactitude, but to understand matters in a genera! 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 fi:om Stadius. 

Af ter 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 (i.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 On the finding of the Motions of the Planets hy Means 
ot Mathematical Operations, extends the previousgeneral knowledge by georrietrical 
computations, resulting in numerical values for the eccentricities and dimensions. 
It presents the method foUowed 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 inc1ude it in this edition. 
Simpier 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 weU 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 
prosthaphairesisj Stevin is the only author of the time to render this term by an 
exact translation into his own language; voorofachtring, literally: advance-or-Iag. 

These results are applied in the derivation of the equation of time. The 
inequality of the days (intervals between two consecutive meridi~n passages of 
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thc sun) had not been treated by Ptolemy; the Ancients reckoned with the true 
solar time. In the 16th century, however, roughly regulated clocks had come 
into use, and these led to the conception of a "mean' time", deviating periodically 
from the true solar time. Stevin says that he has borrowed the treatment of 
these concepts from Regiomontanus, who said that he took them from the Arabian 
Geber: "but they seem not tb be Arabian findings, but rather remnants from 
the Age of the Sages" 15). Besides the eccentricity of the solar circle producing 
a yeady periodical inequality in the angular velocity of the sun, there 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 difference between longitude and right ascension reaches 
a maximum of 2°28'24" when the sun is about 46° distant from the equinoxes. 
He adds a geometrical demonstration that this maximum occurs when the sine 
?f the

h 
polahr distl~n~e lis eqdual

h 
t~" the sq~arl~' rloot .ofdthe( .cosinhe o~ t

h 
he obliq~ity), l 

I;e. W en t e ec lptlca an t e equatona ongltu e I.e. t e ng t ascenSlOn 
complement one another to 90°. The results of these computations are used to 
derive the deviàtion of the natural from the mean days, for the eccentricity 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 latitude, "such as now (ould easily be done through the great Dutch 
navigations", if they both measure every day tbe solar altitude. When afterwards 
they compare their measurements made on the same days at known latitudes 
under the same meridian, tbe parallax can be found and the distance deduced. 
Though not workable at the time, the principle of later determinations of the 
parallax is c1early 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 óf the earth. 

The 3rd chapter deals with the moon. In the same way as with the sun, 
the eccentricity and the longitude of the apogee are computed from three obser
vations (i.e. from data of Stadius), taking account of tbe 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 
difference, 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, tbe derivation of tbe eccentricity (0.1170) thus being much simpier. 
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, since the 
demonstrations are tbe same as for Saturn. 

The last chapters of this Book deal with the planets' conjunctions and 
oppositions, i.e. chiefly with the eclipses of sun and moon. Since there is nothing 
of peculiar character in these chapters, the Second Book has been omitted from 
this edition. ' 

Exception had to be made for the two "Remarks" at the close of this Book -.:.. 

15) See Vol. I, p. 7 and 46 and the selection at the end of Vol. lIl. 
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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 motions of the planets are not sufficiently weU known for an exact computation 
of their conjunctions. Then he says that he originally intended' to add a sixth 
chapter on tbe unknown irregularitiesdetected 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 c1eared up. Af ter some time, however, they 
became so much clearer to him, on the assumption of a moving earth, that he 
decided to treat them more extensively in a supplement and an appendix to the 
Third Book. 

The Third Book explains the motions of the plan ets on the assumption of a 
moving earth. Stevin assumes that this true mot ion 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 lhe most rapid. 

, The argument is corroborated by the belief that all revolving mQtions 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, stress es the contrast between natural 
and forcible motions, Stevin, being a practical 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 tbe planets we meet repeatedly with the expres sion the "heavens" of the 
planets (the literal translation of Stevin's hemelen). This term implies a structure 
of the planetary system entireIy 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 axialrotation the planets themselves. In the same paragraph 
the planets are said to move in eccentric circ1es; 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 revolving "in the largest circ1es 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 opposéd 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 epicydés., By rèmoving tbe 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 Commentario/us, in the words "omnium orbium coe/estium 
sive sphaerarum IJ

, 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 via the planets, from Saturn to 
Mercury. In his great work De Revo/utionibus 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 IJ orbem quoque sive sphaeram" 
for the earth. In his dedication to Pope Paul III he ~efers to his work as the 
Books he wrote "de revo/utionibus 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 Commentario/us, immediately af ter 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 
circu/orum 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 circles (quem circu/orum 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 orhes. 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 materiais. In order to emphasize the spatial 
character of the heaven he sometimes denotes it by hemelbol, "celestial sphere". 
Being naturalobjects 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 theory, complete with proofs and argliments. 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, viz. that bodies contained 
in another body are bound to share in the movement of the latter, may appear 
obvious enough. In the world-system it means that outer spheres by their motioD . 

. 18) Orb;s is not identical with the modern concept of orbit; its English equivalent is 
orb, e.g. in the title of O. Mitchell's popular 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 regularly means sphere" (p. 19). 

18) Johannis Kepieri Opera lIl, p. 464. 
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influence the 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' saphelion. He asserts this without providing 
any a"rgument 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 niotion 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 probleni of understanding causes at a time whe"n 
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: aplanet 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 
inone year. He himself someti1l1.es 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 themse1ves 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 direct ion 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 ariother 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 directioll of the axis in space as a fundamental 
property. In this respect he was guided by the researches of Wil1iam 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 caUs this property of the earth "haer seylsteenighe stilstandt" (literally: 
"its loadstony standstiU") , 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 mayalso 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 dosed boxes, Stevin derives that the origin of these forces 
is situated outside the spheres of tbe 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 ~hat 
the motion was transferred from the outer spheres to' the inner spheres 
was disproved by the practical tests. Sometimes he had wonde red 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 tbe exposition of its course has become 
more difficult; instead of simply describing a cirde about a fixed centre, it now 
has to revolve about a body which itself revolves in a yeady 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 cirde 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 
men.tioned by Copernicus and had even been compared to a magnet in his Commen/ario/us. 
The Commen/ario/us was not printed in the 16th century, but circulated in a few hand
written copies. It is not pro ba bIe that Stevin had seen one of these; Gilbert's work is 
quite sufficient as the source of his theory that the eilfth itself is a magnet. 
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its . direction in spaceby progressing' 360° a year, i.e. 59'8" daily, the small 
advance of the moon's apogee of 6'41" daily (360° in 9 years) is a retrogression 
of 52'27" daily. In the same way the retrogradation (in the old system) of the 
nodesof the moon's orbit by 3'11" daily (360° in 18 years), relative to the 
revolvingterrestrial radius vector, is a retrogression of 1°2'19". Formally this 
contradictsStevin'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 discus sion 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 coniputation according to the old 
system (i.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 oid' system, with the same period and the same 
relative positions. A special figure is givenon 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 apogeeis 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 weIl as of his pupil's 
that Stevin did not content himselfwith· presenting the general argument that 
of course all the relative positions and motions' of the plahets are the same in the 
twoworld-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 ageometrical drawing, however, was not the only motive. 
The interchange of the sun and the earth as central bodies presented certain 
difficulties. Copernicusneither mentioned nor sölved these. In his 18thproposition 
Stevin states that Copernicus • evidehtly supposed the matt~r' to be so clear that 
no further proof was needed; but that he himself had met with difficuities, 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 sunand the earth and identifying the oid 
deferent with the new planetary orbit, 'we are 1?istaken 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 course (in the other 
case) about the earth (which is not uniform), butwith 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 orbitaround the centre of the earth's annual drcle. 
When wè pass f rom the old to. the new system, the earth at rest is to be replaced 
by the centre of its orbit, and not by thesun.· . . 

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 Aj 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 (tentre 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 oid 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 Fj 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 (arc PX = arc HR + arc ST). Owing to the equaiity 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 iri 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 circIe (centre B) through 
C; in the new (heliocentric) system, C is fixed and the earth moves on a circIe 
(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 Hnes 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 oid system) are equal in size to the 
orbitof 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 aiong 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 plariet by its uniform rotation from N to V, so 
thatQV is equal and parallel to RT. 

Positions eccentric to thesecircles (e.g. A) do not fall under these headings, 
so that here an additional computation is needed. For this purpose . we compare 
the acute-angied triangles AGR and QKX. AGand QK (the eccentricity of the 
planet's orbit) as well as CR 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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this holds also for the third pair AT and XV. This means that the plan et 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 di stance. ' 

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 expres sion of' the 

'observed phenomena of the longitudes, this was not the case with the latitudes. 
Here Ptolemy's theory was an artifjcial construction; it was complicated because 
two independent inclinations had to be derived, viz. one of the epicyc1e 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 variabie by assigning 
an oscillation (between opposition and conjunction) to the orbit. With the 
epicyc1e itself, Stevin discarded also its special inc1~nation 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 ec1iptic. 

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 Iowest point of its epicycle. Ptolemy had derived 2°26' for the deferent's 
inc1ination, 4°30' for the epicyc1e's inc1ination. From the latitude 3°2' and the 
known distances Stevin finds 2°43' for the inclination of Saturn's orbit to the 
ec1iptic. 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 thè no des Saturn does not show any latitude, which is accidentaI 
in his theory, is a necessity in the new theory, because it shows the epicyc1e at 
that time to coincide with the ec1iptic. 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 aIso 
used by Copernicus. It assumes three oscillations. An oscillation of the deferent 
about the line of no des as axis makes its inc1ination vary between zero and 1 °45' 
to the South. The epicyc1e 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 sens es in apogee 
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· andperigee; and converse1y the former reaches its maxima in opposite senses at 
longitudes 90° and 270°, when the latter is zero.Stevin mentions in margim 
their Latin names deviatio, declinatio, reflexio, and himself caUs them afweging, 
afwycking, and afkeering; they have here been translated by "deviation", 
"dec1ination" and "deflection". Stevin has no use for th is complicated theory. 
The greater simplicity- he says - of the heliocentric system was not realized 
by Copernicus himse1f, who slavishly copied Ptolemy's three oscillations, with 
the numerical values given in the Tables, and incorporated them' in his funda
mentaUy 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 270o 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 shortparagraph of Stevin's work the simple construction of the 
he1iocentric 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 intro duces 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 epicycIes 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 circ1es 
representing the earth's orbit are to be caUed epicycles; deferents is to be the 
name for the' planets' circIes. Accordingly; forVenus and Mercury the old terms 
have to be interchanged. He says it in the following way: the circ1es which are 
called deferents h~re 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 ecli ptic. 

Stevin's task was to show that the phenomena of l~titude, too, are the same 
in the two systems. This was not difficult, since his corrected geocentric system, 
with the epicyclesparallel 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 plan ets Ptolemy came very near to the truth, since he found the 
two inclinations (for Samrn 2°26' and 4°30') to be nearlyequal, the difference 
being onl)' 2°4'. His critici sm (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 thetwo 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" 
obseeved 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 
aequansJJ in the orbits of the planets. Since, in his treatment of the former, 
Stevin (in hisPropositions 2 to 5) renders Ptolemy's discUssion rather exactly, 
it was not necessary 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 obseeved 
motions of the planets. The motion along the deferent is not uniform, but 
it seems to be uniform when viewed from the equant (punctum 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 rnain point 
in Ptolemy's planetary theory. The radius vector drawn from the equant to the 
epicycle's centre, though of variabie 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 pIanet in the nearest and the farthesf 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 de fe rent, but from another point, situated nearer to the apogee 
of the deferent. The precise situation of this point, when computed, would have 
tuened out to be exactly the punctum 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'sexplanation of Ptolemy's theory for the planets Satuen, Jupiter, 
Mars, and Venus. For the more complicated motion of Mercury he simply 
reproduces Ptolemy's description of the circ1es 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 
byCopeenicus. For the planets Stevin first intro duces 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 Satuen, 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; tbe planet, in addition, describes 
the sm all cirde (of radius 0.0285) twice in one revolution. Stevin supposes that 
Copernicus, though he' did not say so, had devised the small cirde 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 dearer to his 
readers. 

In the case of Venus the centre of its cirde, of radius 0.7194, situated within 
the cirde of the earth with radius 1.0000, does not have a fixed eccentric position, 
but moves on a small cirde 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 longitudes 
of Venus are always found in the right way". 

The still more complicated system of cirdes ,for Mercury as devised by 
Copernicus is expounded correctly by Stevin in his 12th Proposition. The centre 
of Mercury's orbit describes a small cirde with radius 0.0316 everyhalf 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 lineady 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 doses with an artide on the "unknown motion" of the stars, dealing 
with the precession of the equinoxes. The difference between Ptolemy' s value 
(1 0 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 weIl 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 necessary, such as those 
constructed and used by Tycho Brahe. The present deviations between observations 
and tbeory 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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CORTBEGRYP 
tks HemeUoops. 

CK falintbeginderbefehrijvingde
"' ...... ..i .. ""li1I fes Hemelloops de faeek nemen al 

of ter gantfeh niet af bekent en vva .. 
. re, endaer naden handel met fule .. 

a...=..;:'-'I ...... I~!I.l ken oirden vervolghen, gelijekdaer
fe haer ve rmeerdering dadeliek me 
fehijnt ghcnomen te hebben , daer 

OCllcnrllJVeJnac dne boueken. 

Heteerfie bouek vande vinding der dvvaelderloopcn 
. en der vafte ftenen deur ervarings dachtafeIs met ftclling 
eens vaften Eertcloots. .. 

. Het tvvede vande vinding der dvvaelderIoopen deur 
vvifeonlHghe vverckingen met ftellin g eens vaften Eert
cloots, en eerfteoneventheden •. 

Hetdcrdevande tvveede oneventhedë, vvaerincomt 
. Copernicus ftelling eens roerenden Eertcloots. 
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SUMMARY 

OF THE HEA VENL Y MOTIONS 

In the beginning of the description of the Heavenly Motfons I wil! assume the 
matter to be altogether unknown, and then I wi/l 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 fintbook, of the finding of the motions of the Planets and of the fixed 
stars by means of emPirica! ephemerides, on the assumption of a fixed Barth. 

The second, of the finding of the motions of the Planets by means of 
mathematica! operations, on the assumption of a fixed Barth, and the first 
inequa!ities. 

The third, of the second inequalities, in which Copernicus' assumption of a 
moving Barth is set lorth. 
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FIRST BOOK 

OF THE HEA VENL Y MOTIONS 

OF THE FINDING OF THE PLANETS' MOTIONS 

AND THE MOTION OF THE FIXED STARS 

hy means of EmpiricalEphemerides, 

on the Assumption of a Fixed Earth 
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CORTBEGRY-P 
defes eerften Bou~x. 

E hepalinghenbefchrtvm fljnde [ao [al dit 
eerft,c hal/ek aehl ondtrfcheytftlJ heb~en, 
vande vinding deur ervarings daehtafels 
des loops .'Van Son) Mam, SaturnUJ, Iis
piter, Mars, Vmm, MereuriUJ, ender 
'Vaftt ilerren,aUes met fttUin!, eens 'Va
nen Eer/dools als ~eerelt s middelpunt, 

, ' . ,'V'PtUlthotvf?elft eyghentlickineen rondt 
Ellmtlllcr.draCJt ghelijck d'andtrD~aelders ,nochtans leertmende * he-

ghiiifelen dt[er ~onflli(hlt/ickerrvernaen deur het fchijnhaer,dAn 
deur het eyghen ,[oo.daer af breed er gheflJt fal'1Jf1orden in des 

S{lt,"/alio- 3, houcx 7 'Voorfl.el.Angamde 'lJoorder* j)ieghelingbtn.'WMr 
ms. toe de, eyg~en neum!, deSIOIlfJenden Eeertc/oots bequameru I flAir 

a[fa/lek ITJtbove[chrwm aerde houckhandden. 
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SUMMARY OF THIS FIRST BOOK 

Af ter 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, Satuen, 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, forwhich the truè assumption of the moving Earth 
is better suited, I will deal with those in the third book referred to above. 
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5 

B E PAL IN GH EN. 
( -_<,,!.' ~ N~hefien in des driehouckhandels 4 bouek, 
~:rA \~:t beichreven fijn de bepaling~en d. er HemelLëhe 
ê~~~ . If,) ronden boghen en plinten die wy daer behouf-

6 Jen, foo houden wy de felve hier voor bekent: 
.• "" Sulcxdatnu ghefl:eltfuUen worden de refl:eren • 

. de bepalinghen tnt voighende noodich. 

1 BE PAL I N C . 

. DentijtvandatdeSonnensmiddelpuntuythetmid- . 
dachront gaer,totdatteevvederdaer incomt, is een *ha- Dies natu;. 

tuerlicken dach. En die na tuerlièke dagen vvo rden ooc 'bt; i,,~ 
oneven ghefeyt. Enfulcke tijtintghemeen"* oneven rijt. 'r:';~inlt-

• qual •• 
Defe tijt eens natuerlicken dachs is van een keerdes * evenaers, met noch Atq"torH. 

fukken boochfken des felfden ,allfer deurlijdt te wijle de Son met hace cygen 
loop daerentuiTchen te rugh ghegaen is. Nu by aldien al die boochfkens eve-
groot waren, foo fouden de natuerlicke daghen al evelanck fijn, t'welck nieten 
ghcbcurr. De reden vàn dier boochrkenson~venheyt is twecderhande : T èn 
cerfien deur dien de Sonwechboochfkens op dien tijt vande Son befchreven 
niet e\'egroot en fijn,om de * uytmiddc:lpunticheytswille. Ten aederen al EXlmtriti
W;lrenfe evegroot J nochtans foo en gaenrc met gheen even boochfkens des tatem. 

evenaers deur * t'middachronr, om de fcheefheyr of afwijcking des * Duyfie-M~. 
neis. En hoe wel dit verfchil op een dach ongevoelelick iSj nochtans op veel ZoJiaci. 
daghen l'[amen cant merckelick fijn. .. 

1. B E PAL ING. 

* Na ruerlick jaer is dê tij t der Sonneris omloop, vviens Arm.natrl

begin en eindeeenghenomen punt is dat alrijtsevevvijt ralH• 

vande lentCne blijft, gheduerende. 36 S daghen s uyren, 
met noch eenonfcker ghedeelte. . . 

P/~/emeH4 heefr dat onfeker ghed~elte boven de 5 uyren ,gheftelt op 55 0 
n ® : vi ibaltgni op 46 0 2.4 0. Ander hebben andel uYlcomft bevonden.· 

3 BE PA L ING. 

Egi ps j aer is da t 365 daghen begrijpt. 

Defe Egipfche jaren vcrleken by de naJuèrlickcverloopen alle vier jaren br. 
cans ccn dach. 

. A J ".'BIPA .. 
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DEFINITIONS 

Sinee in the 4th book of the treatise on trigonometry 1) tbe definitions of the 
heavenly eirc1es, ares, and points whieh we there needed have been deseribed, 
we here assurne them to be known, 50 that the remaining definitions needed 
hereafter will now be given. 

lst DEFINITION. 

The timé from the moment when the eentre 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 genera!: unequal time. 

This time of a natural day is of one revolution of the equator, together with 
an are thereof sueh as it passes through while the Sun with its proper motion 
has meanwhile gone baek. If all these ares were equal, all the natural days would 
have the same length, which does not happen. The reason of tbe inequality of 
these ares is twofold. Firstly, that the -ares of the Sun's orbit deseribed in that 
time by the Sun are not equal, beeause of eeeentrieity. Secondly, even if they 
were equal, yet they would not pass with equal ares of the equator through the 
meridian, because of the obliquity or deviation of the Ec1iptic. And although 
this differenee is insensible in one day, yet it may be pereeptible 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 whieh always remains at the same distanee from the vernal 
equinox, this being 365 days and 5 hours, with an uneertain fraetion in addition. 

Ptolemy 2) has put this uneertain 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 eomprises 365 days. 

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

1) Work XI; i, 14. See Vol. 11 B, p. 755. 
2) Syntaxis 111, 1 (Translation of Manitius, I, p. 146). 
3) Abu-'Abdallàh MU};Jammad ibnJàbir ibn Sinàn al-Battàni, al-l;Iarràni, al-1;;àbi (born 

near Harran in Mesopotamia, 850?-Damascüs 928?). His principal work, al-Zîdj, 
translated into Latin in the early part ofthe 12th century, and into Spanishsomewhat 
later, was printed at Marburg (De Scientia Stellarum, 1536) and at Nuremberg (De Motu 
Stellarum, 1537). 
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6 BEP-ALINGHEN 

4 BE PA LI N G. 

Iuliaenfche jaren fijn vvelcker drie 365 dagen vervan
ghep,hetvierde 366, hebbende dan·de maent Februarius 
29 daghen, daerfe anders maer 2 sen heeft. . 

Om ('verloop der Egipfche jaren weerom te in nen ,en ('natuerlickjaer nael
der te commen, Coo heeft IIl/ill4 elftr den vooI(chrevcn dach alle \'ier jaren in 
Februario veroirdent, welck gedaente van jaren IuliaenCche genaemt werden • 

. 5 .B E -P A L ING. 

Soo mc::n neemt het natuerliekjaer te hebben fooveel 
even dagen en evenuyren met hatr gedeelte,alferOI).even. 
dagen en oneven uyren methaer gedeelte in .fijI?-:Sy vvor

Di.u "'Jtlales den * evedaghen ooek middeldagen ghcnoemt .. En flilc
!Ç::';:~m<d,7. ken rij.t intghemeen * eventijtende iniddeltijt. 
Itqu,le Tem- . 

p"'m,ài",,,. Doirfaeck des naems ~iddeJdaghenJ is van W~hen. cJatfemiddel~atlch fijn 
tuflèhcn de1anghcI en concr nalUcrlide daghc~~C[lbepa1ing. 

6 B E P A.L ING •.. 

* Dvvaelders fijn feve~ vveerdtlichtc:n~ diçint uyter-· 
lick anCIen [ehi j nen fonderregel tdoopen alof(e dvvael
den, met naem Saturnus, 1 upiter,Mars"Son,Venus, Mer. 
eurius, Macn. . 

. Hoewel den Eertdoot eyghentlick me een Dwaeldci is, nochtans angho
fien wy om dcredenen vooren int CoIt~grijp vcrhaclt, die nemen vafi te 
fiaen,foo cn WOIlfe hier onder de Dwacldèrs niet ghctclt. 

7 BE P ALl N G. 

ElUtnlri,,,, * Uytmiddelpuntichront noemtmen diens middel· 
t:::;ri- punt buyten den Eertcloot fiaet. Maer *middelpun
C/l1. tichr~nt diens middelpunt oockdesEcndoots middel-

punt IS. 
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4th DEFINITION. 

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

In order to reeover the shifting of the Egyptian years and eome nearer to the 
natural year, Julius Caesar .ordained the above·mentioned day to be added every 
four years in February, whieh kind of years were ea!Ied Julian years. 

5th DEFINITION. 

If the natural year is taken to have as many equal days and equal hours with 
their fraetion as there are unequal days and unequal hours with their fraetion in 
it, they are ealled equal days and also mean days. And such time in genera!: 
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 lst definition. 

6th DEFINITION. 

Planets are seven luminaries which in outward appearanee seem t~ move 
without ruIe, 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 beeause for the reasons 
related hereinbefore in the Summary we assume it to be fixed, it is not reckoned 
here among the Planets. 

7th DEFINITION. 

Eeeentric circle we eall a eircle whose centre is outside the Earth. But 
eoneentric circle, a circle whose eentre is als~ the eentre of the Earth. 
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DES H EMELl.OOP.S. 

. Laet A BCeen rondt 
fijn diens middelpunt D~ 
en Eden Eertcloot: Dit 
foo wefende , ABC heet 
uytmiddeIpuntkluont. 
Maer [00 men naem het 
punt D den Eertcloot· te . 
fijn, t'[óude dan middel
puntich hecten, 

F 

o· 
8 BE PA LI N G. 

7 

Delini van des uytmîddelpunoch lonts middelpunt 
tot ren Eeridoots' middelpunt heet * uytlniddelpuntic-~~ 
heytlijn. IT/QUtH! 

Als indefarm der 7 bepaling de lini D Eo 

9 BEPALING. 
UyrDliddelpuntichrortts*vc:rtlc:puntnoemtmendat Apog-. 

verfi vanden Eertclootis: En * naeHepunt dat denEert-p~-. 
door naeft fiaet. 

Lacl inde form der 7 bepaling de uytmiddelpunticheyt DE op beyden fii~ 
den voortghetrocken worden tot inden onltIeck an A. en C, Twelck foo fijn-:
de, want het punt A, inden omtreck ABC alderverft -vandenEc:rtcloot Eis, 
en C aldernaeft, {ào weIt.A des uytmlddel puntichronts -A Be verftepunt ge
noemt, en C het naeftepunt,' 

. loB E PAL ING. 

Dvvaeldervvech is een uytmidde1puntichrontdaerin D~J 
eeri Dvvaelder loopt. - y",P'-t.t. 

. I I B EP A L ING. 

Werende op een punt als middelpunt, inden omtreck 
A 4- eens 
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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 circk But if the point D were taken to be tbe Earth, it 
would be called concentric. 

8th DEFINITION. 

The line f rom 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 tbe !ine DE. 

9tb 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 definition let the line of eccentricity DE be produced 
on either si de to the circumference, at A and C. This being so, because the point 
A on the circumference ABC isfarthest from the Earth E, and C nearest to it, 
A was called the apogee of the etcentric circle ABC, and C the perigee. 

lOth DEFINITION. 

Planet's orbit is an eccentric circle in which a Plan et moves. 
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t/'Î'lèl .... 
V1' .... 11 

·~p#J<I_. 

BEPALINGHEN 

-eensuytmidde1puntichronts,befchreven ecncleen ront, 
daerin men neemteen Dvvaelder ·te looptn: Datdeen· 
der heet*inront,en t'grooter * inrontvvech. 

Laet indcformdcr 7 bepaling op«nich punt als A des uytmiddtlpunricb
ronts ABC bcfchreven worden hercleenderrondr FG H daerin men neemt 
een DwacJder tcloopen, t'felveclee·nder heet imom) cn t'groOter A BC in
EODtwcch •. 

I" BE PAL ING •. 

lnrontsverfiepunt noemtmen datverRvanden Ecrt
~ door is: En * nadl:epunt dat die naeft is: Maer * inronts 
:;.~~:el middelverftepunt, dat verft van ftjn vvechs middelpunt 
!~;.:ftü is: En * middel nae fte punt dat die naeft is. . 
·,Ir'1.;' "Verlt, 

Aj;.,tfirycli Laet indeform oer7bepaling oe middellijn C A voortghetrocken worden 
:;o/i;/lrd tot Finden omtreck des inlonts: ïfclvé pUnt F bovc'n alle punten des inrQnts 
-1.;' meJ;~. ten' verfien \'anden Fertc100t E lijnde, men noemet inroOts verfiepunt, en H 

nadlwefende heet nacfiepunr. Maer om nu te verclaré de gcdaente vant liIid
delvel'lilepunt, en middelnacfie punt, fooJacthctillloot ghecommcn fijn tOt 
cen anderplacts fijnswechs, ick neem met fijn middcl punt an B,dacr na fy ge. 
trocken d~ rechte 0 B K;fniende den omtreck ten nacfien a~ I, en ten verftcn 
:an K: sghelijcx de rechte EL B M, [niende den omtreck tèn nacften an L. en 
ten verften an M : Dit foo wefende,. Mis om de voorgacnde Kdenen verne 
punt, en L nae(lepunt: Maer K verft van D is middelverfiqrunr. enl nacfi D 
middclnadkpunt: Sulcx dat delë tWcc verftepunten M, K; het inromdaerwc
fende, \'erfcheyden plaetfcn btbbtn : Maer als het inronts middelpunt an des 
wechsVei:ftcpunt A. of naeftepunt C is ,dan fijn vcrftepum en middc1veIfte .. 
pun teen fcl ve,alfoo oock fij n nacftepullt en ~iddelnaefiepunt. D' oÏlfaedc des 
lIacms van middélverftcpuntcn middelnacftepumis defe : Want Keen vcrfie
punt is, t'wclck urt D gheüen altijt eenvaerdeJick everas voongact, maer M 
alfnu,ralfcher dan traghelt tuIl'chen weidt de loop van K.als middclmatich lijn
d.e, won middclverftepuru ghehectcn •. 

'3 B E PAL ING. 

Des inronts boochfken tuffchen de tvveeverftepun • 
.A~,~ ten noem ick * verftepun tensbooch: Tandcr tuffcheil:de 
;;:: in~i- tvvee nàCfte punten, naeRcpuntensboóch. 

Als t'boochfken K Minde form der 7 bepaling lu11êhen t'verllepunt 
K, en het middelved\cpuDt M heet ved\i:puntcnfbooch, maCI 1 L nacftc-
pWllenibooch. . 

14 BEPA-
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11th DEFINITION. 

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

In the figure of the 7tb definition, let there be described about any point 
of tbe eccentric circle ABC, such as A, the smaller circle FGH, on which aPlanet 
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 tbe Earth, and 
perigee tbat whichis nearest to it. But the epicycle's mean apogee: the point 
which is farthest from tbe centre of its orbit, and tbe 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 circurnference of the epicycle. This point F being farth6t 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 theepicycle have arrived at anotber point of its orbit, 
I assume with its centre in B. Thereafter let there be drawn the straight line 
DBK, intersecting the circurnference at the nearest point in I and at the farthest 
in K; likewise the straight line ELBM, intersecting the circumference at the 
nearest point in Land at the farthest in M. This being SO, for the above reasons 
M is the apogee and L tbe 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 pláces. 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' órigin 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 tbe two apogees I call arc of the apogees, the' 
other between the two perigees, arc of the perigees. 

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

1) In the Dutch text, for K read Mand for M read K. 
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DES HEMELLOOPS. 9 

14 B E PAL I N G~ 

Wechs eerfic halfront noem iek de booch vant vcdte
punt tottet naefiepunt,na 'tvervoIgh der trappen, d~lts 
van t'begin totten 180, d'ander booch tvveede halfronr. 

15 BEPALING. 

Schijnbaer Dvváelder is een punt daet hy [chijnt te 
vveCen,doch eygentlickniet en is: En Sehijnbaerloopccn. 
booch die hy fchijnt te loopen, doch eyghentlick niet en 
loopt. . 

Laer ABC den Dwaeïdcrwech beteyckenë ,dierish1iddclpun~D,cn E dcCl 
Eertc1oor,op weJcke als middelpunt befchrevé l}' den Duyficraer F G H. Voort 
fy ghelIocken deuI E D"des duyficraers middellini ~ I , rniende denDwaelder-

" " wcch 10 A als verftcpunr, CIl in C 
FM aknaeflepunt: En den DW.1cldcr 

fy inde wéch :int punt B, deiH 
t'WeJck uytEgetrockcn isde rech
te lini E B G. Dit foo werende, 
den Dwaeldcreyghentlick aD n 
lijnde, f:il uyt den Eettc\oot E ge
fieo, inden duyfieraer fchijnen te 

" weren tuirchende vane fierren 
an G,cmdaerom heclet fel\'epunt 
G fchijnbaer Dwaelder. Maer fo 
hy van "B voortloopt, ick neem 
tot K, en deur K ghetrocken de 
rechte lini EK H ,den Dwacldec 
die eyghentlick gheloopen heeft 

J: den booch BK, faluyt den Eert-
c\oot Eghefien. fchijnen gheloo

pen te hebben den booch Gft, die metten eyghen loop B K onghelijck is: En 
daei'oni heet de" felve booeh G H (daetmen anders oock wel voor neemt den 
houck BEK orG EH) des Owadders lèhijnbaedoop. . " 

V.E R. VOL G H. 

Deur dit vOOlbeelt van fchijnbaer Dwae1der en fijn fchijnbacr ioop met 
ftelling eens uy' middelpuntighe wechs. is oock dergheljjcke openbaer met 
Helling eens inronts. " 

V oon, .deurt· ghene hier ghefcyt is van fchijnbaer Dwaelder en fchijnbaer 
loop , is kennelick genouch watmen verfiaeri fal met fçhijnbaer booch,fchijn
baer verilepum als F,fchij nbaer naefiepunt als I, en dierghelijcke, welcke hier 
Ilaalfi de: fake vereyfchtghenoemt fullen worden. 
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14th DEFINITION. 

The first semi-circle of the orbit I eall 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 Plan et is a point where it appears to be, but is not in reality, and 
Apparent Motion is an arc through whieh 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 PI, intersecting the Planet's orbit 
in A as apogee and in C as perigee. And let the Plan et be in the orbit at the 
point B, through which is drawn from E the straight line EBG. This being 50, 

the Planet, whieh 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 
ealled apparent Plan et. But if it moves on from B, 1 assume to K, and through Kthere 
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 
ealled the Planet' sapparent motion. 

SEQUEL. 

From this example of an apparent Planet and its apparent motion on the 
assumption of an eeeentric 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 itis sufficiently obvious what is to be understood by apparent 
arc, apparent apogee, e.g. P, apparent perigee, e.g. I, and the like, which will be 
mentioned hereinafter, when required. 
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la B E PAL IN G HEN 

16 B E PAL ING. 

, Middeldvvaelder is een verdocht punt. inden duy fte
raer een vaeràelick voortgaende ,en al tij t ant f~hi jo baer . 
verftepunt vvefende, alS den vvaren Dvvaelder gheenin':" 
ront hebbendean 'fijn vvcchs verfrepuntis: Maereen in
'ront hebbende, als des felfden inronts middelpunt a'nt 
verftepi.mt is:En fijn loophect middelloop. . 

Als by voorbcelt wanneer den DwacldeI inde form, dei J S bepaling is ant 
. verfiepunt A, foo jfièr een verdocht puntant fchijnbaer ve~fiepllntFalrjjr een
vaer<lelick voortgaendt,fulcx ~at wanneer den waren Dwaclder weerom ghe
commen is ant verUepunt A, ghedaen hebbende een vo\colllmellkeer. foo fal 
dat punt commen fijn an t'fcbijnbaer verUepunt, oock ghedaen heb~dc eén 
volcommcn ·keer , mét foo veel meer als dacrencufi'chen het fchijribacr verHe
puntgeloopé hear: Sulck pun~ hcetMiddddwaclder,en fijn loop middelloop : 
De fclve hier verclaert fijnde op den rijt eens volcommè:n ketrs des waren 
Dwac;lders,wy fullen om alles noch breedeI uyt te legghen, voorder verclarin g 
doen Op deel eens keers; totwclckencinde iek aldus f(gh :, Den waren Dwacl. 
der ghecommsn fijnde ickllcem van A tot B,foofal den middeldwaelder vol. 
ghende t'gheftekle daerentufi'chen gheloopen hebben eenbooch ghelij.ck met 
AB, we1cke fy F L (Ie weten L foo ghcftclt, dat E L e\'ewijdeghe t.Y met D E) 
cnnoch foo veel meer alsdaercntuffchen den loop des fchijnbaer verftepunrs 
bedraccht,' t'wckk fy van M tOt F : loder vougbcn dat M L is den middelloop 
ovcrcommendcintijt met drs waren Dwaclders wechloop A B. en heet mid. 
dclloop. riyt oiIfaeek dat f()()dánighe even loopen midde1malkh lij n tulfchcn 
de fchijnooer raffcherê:n Iragher. . . . . . 

Deur dit vOOlbeelt ,'an Middcldwac1der en' mid~lIoop met llelling eens 
dwaeldClwechs,is c;x>ck de!ghc:lijcke openbaermet fklling eens inroms, Want 

. nemende des inronrs middeJpunt~lsvoOIDwacldeI·. foolàl alt'ghene vooten 
ghefeyt is daer op 'OVelCOPlmcn • 

. 17 B E PAL 1 N G. 

"IdJitio. Voordering is t'ghene den ivvarcn Dvvaelder in den 
duyftcraer fchijnbaerlick voorder is dan den Middel-

1);,.;"1&1;0. dvvaelder: En * ach tering fgene hy {çhijnbaerlickmee'r 
achtervvaert is. In dcfer tvvee ghemecne naem vvort 

JWfl.I'h.t. '* voorofachtc:ringh ghefeyt .. •• 
Als by voolbeelt den waren Dwaelder inde form der Ij bcpal~g gc100pcn 

hebbende van A tot B, en fchijnbacdick lijnde aft G, foo fal daerentufi'chen 
den Middeldvvaclder gelo,open hcbbéde boOcb PLgelijckmet AB ::rwelck 
Coo werende, dé Dwaelder is in dé duyftcricr aD G Cchijnbaerlick meer achter
waert dan den Middeldwaclder L, foó vtel als de booch G L, en daerom heet 
de fcl\'e booch G L achtcrine, welcke achtering overal int cerfte halfront des 

. weclts 
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16th DEFINITION. 

Mean Planet is an imagined point which moves uniformly in thè 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 lSth definition the Planet is at the apogee A, 
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 themean 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-Iag 1). 

Thus, when in the figure of the 15th definition the true Planet has moved 
from A to Band is apparently at G, meanwhile tbe 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 he used 
here instead of Ptolemy's Greek word prosthaphairesis. 
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i> E sB E M E L LOOP S. Jj 

w«hs ghebcurt. Maer alsfula met voordçring valt,t'welckoverai iot tWeede 
halfrondt ghefchiet ,men noemet voorderiag, en foodanigbc twee int ghe. 
ghemeen voorofaehtering. • 

Merckt Doch datmen foo wel den houek DB E,als de. booch G L,achtering 
des Dwaeiders noemt lom dat de ghetalen haeider tr, even fijn, oyt oirfaeck 
dat G Lbooch is des houcx GEL. even fijnde met D BE. 

Tot hiêr toe is .\·oorbee1t befchreven van ecn DWàeldet· iil ccn wech 100-
pende,maerbové dien ccn inrondt hebbende; hy beeft twccderley voorofach
tering, d'eene van wegen fijn inrondts middelpunt, t'wekkeen voorofacbte
ring ontfangt van ghedaente ghClijck de bovefchreven des Dwaelders in fijn 
wech, d'ander van wegen fijn loop int inrondr. cn de voorofachtering veroit. 
facckt deur defc twee voorofachteringen t'filmen; wort int gemeen des Dwacl. 
deIs voolofa(:htering ghefeyt. 

Laee tot breeder verclaringinde forliider 7 bepaling den Dwaèlder int in. 
rondt fijn an N, alwaer hy benevens de achtering die hy VlUl wcghcn fijn in~ 
Iondts middelpunt omfangt, voordering (rijcht des houcx B ~ N, wckk by 
cl'ander DB E vervonght (te weten vergaert al1fe beyde eennamidi fijnmaer 
van malcander ghettocken verfcheennamich wclèlidc als hier)datter nyt comt 
is des Dwaelders voorofachtering .. 

Merckt noch t'gheral der trappen des vedlepuntenlbooch als hier M 1<, of 
des nadlepumenlbooch als I L. altij! ,'overcommen met het getaldcr voorof. 
achtering vam middelpunt des inrondts als D B Ep om da.ll L bcfcÀreven is 
opt middelpunt B. 

J8 BE PAL IN G • 

. Eetftevoorofachterin g is die des middel punts "'an tin
ronde.· Tvvcedevoorofachtcring die dcsDvvaeIders'int 
inrondt. Ghceffcnde voorofadüering die veroirfaeékt 
vvort deur t'vermcnghen van d'eerfie en tvYccde. 

Dtn· DwacldcrJonder inrondt ttlaer ecn voorofachtering hebbende,fc WC" 
ten die hy dOOI de middeluytpunticheyt fijns wechs crijcht, en behouft gheen 
onderfcheyden namen van eerLic twrede noch gheetfcndc voorofachtering 
derer bepaling, welde alleen dc DwaeldeIS toccommen in inronden loopen
de, wiens ecrUe cn tweedebeyde "ooldering fijnde, hacr fomme is gheeffende 
,"oordeling, ende beyde achtering wefende.haerfolllinc js.g~edrendeachte
ring,maer d'een voordcringd'anderachtcring lijnde, foo is hae. verfc:hil menc· 
naem van t'grootfte gheial der tWeede gheeffendc voorofàchtcring. 

19 BEPaLING • 

. .. Tghene d'ecnDvvaelderopcengheftddetijt voorder 
loopt als d'ander ,.of datI op vvint J vvort * Dvvadder- M~.fj.. 
vvinft gheheeten. jl..,/Ill. 

Defc:n tijt won dickwil~ verfiaeD te bcgrunnCJl op de raming twccr Dwacl~ 
deIS, fulcJ. dat mcttc fcbijlitiwbooch Di t"VCIVci.tgb da·uapPcD. vande wec:h. 

aen 

'-I 
'. 
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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-Iag. 

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

Up to this point the example has been described of aPlanet moving in an 
orbit; but if it also has an epicycle, it has two kinds of advance-or-Iag, one cwing 

. to its epicycle's centre, which receives an advance-or-Iag of a similar nature 
to that described above with regard to the Planet in its orbit, the otber owing 
to its motion on the epicycle, and the advance-or-Iag caused by these two 
together is generally called the planet's advance-or-Iag. 

With a view to a fuller explanation, in tbe figure of the 7th definition let 
the Planet be on the epicycle at N, where, in addition to tbe 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 tbey have tbe same sign, 
but one subtracted from the other when they have the opposite sign, as here), 
the result is the Planet's advance-or-Iag. . 

Note also tbat the number of degrees of the arc of the apogees, such as 
here MK, or of the arc of the perigees, such as 1Li always corresponds to tbe 
amount of the advance-or-Iag of the centre of the epicycle, such as DBE, because 
IL has been described about the centre B. 

18th DEFINITION. 

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

The Planet without an epicycIe, haviog ooly ooe advaoce-or-lag, to wit, tbat 
which it receives owing to tbe eccentricity of its orbit, does not need the different 
names of first, second or total advance-or-Iag of this definition, which are only 
to be assigned to the Planets which move on epicycles; when its first and secood 
are both advaoces, tbeir sum is tbe total advance, aod wheo both are lags, tbeir 
sum is the total lag; but when one is an advance and the other a lag, their 
difference, witb tbe sign of the larger of tbe two, is the total advance-or-Iag. 

19th DEFINITION. 

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

This time is frequently understood to begin at the conjunction of two Planets, 
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SONLOOPS VINDlNG DEVR ERV. &C. IS 

I V·O 0 R 5 TEL. 

Teverclaren hoetfchijntdat de Menfcheneerft bego-
fien tot kennis vande loop der * Dvvaelders te gheraken, Planlt41'11111. 

ofdaer toe fouden meugen beginnen tecommen, fooder 
gantfch gheen afen vvaer. 

V"X TAnt het kennelickis datmen om een conft wel cn grondelick tè 
. IV verlben, behoort an te vanghen met haer uyterfte beginfelem 

. Soo fal ick mijD ghevoelen fcggben hoet fchijm dat fy deden die 
eer ft begoften de ghedaenten des Dwaelderloops te leeren ,ofhoemen foude 
meughen doen datter gantfchelick niet afbefchreven en ware. Om dan van 
deCe Hemelfehe fiof eerft deur aertfche by voorbeelt te fpreken, ick fcgh dat ge. 
Iijck ymant die in Caert wil brenghen een Lantfchap dat noyt caenfchewijCe 
gheteyckent en was, of daer hem gheen teyckening noch onderrichting af ter 
handt ghecooomen en is,foude moeten het LaDdtfchap of felf dadelick beûen 
offeker ondéiricht hebben vande gene diet· dadelick gefien hadden: Alfoo ee~ 
nen die de manier des loops der Dwaelders wil verftaen en befehrijven, moet 
eerG haer loop offeif ghefien hebben, ofdaeraf fekerlick onderricht fijn van 
hemlien d.iet deur dadelieke ervaring weten:En fulcx hebben de voorganghers 
ghedaen , welcke alfoofe eertijts ernftelick gafloughen de plaetfcn der Hemel
fehe lichten, ende fiende tuffi:hen de groote menichte der vafte fterren, bene
ven Son en Maen noch [eker vijfbeweeghlicke, diens loop int uyrerlick anfien 
feer ongherege1t fcheen,nu ras,dan flap,fomwijlen fiil ftaen,en ettelicke mael 
te rugh keeren, fyhebben hun begeven toltet onderfoueken der oirlàken die! 
ongeregeltheyt,beginnende metdaghelicx feer nan ga te naen,en op te teycke
nen haer fchijnbaer plaetfen tuifchen de vafte fterren. oo<:k Maenduyfierin
ghen,en Sonduyfteringhen,met haeI omfiandighen,als tijt van haer begin tot
tet eynde,hoe groot t'verduyficrde deel was,en op welcke fijde· verduyfiert,on
der wat duyfieraerlangde en breede t'middel der duyftering ghefchiede, en tot 
wat plaets des Eencloots fy dat gageflaghen hadden. Het ftreckte oock tot noch 
meerder fekerheyt des handels, op te teyckenen den tijt met ander omfiandi
ghen vande duyficringhen der vafie fterren, te weten als fy die vande Dwael. 
deIS bedeekt Caghen , en oock de duyfteringhen van d'ander Dwaelders onder 
malcander. uyt de boveCchreven fchijnbaer plaetfen der Dwaelders, merckten 
fy ha<:r daghelickfehe veranderingen in langde en brecde, welcke fy dachtafel
fehe wijk opteyekcnden, daer by noch voughende de bovefchreven anclevin_ 
ghen van der Dwac1dersduyfteringen: Encreghen alfoode naoommelinghen 
meiler tijt,benevens haer eygen gagefiagen dachtafe1s, ootk die haerder voor
gangers van feer veel jaren: Inde felve hadden fy beqliame middel om de ghe
dacn te des eyghen loops der Dwaelders t' onderfoucken, ghelijck oock fouden 
ghehadt hebben nypparchll4, Plolemell4, en hun nacommers,by aldienfe t'baet
der handt ghecommen waren • 

. Maer verloren blijvende. en federt gheen ander foo ghemaeckt wefende als 
de faeck vereyfcht, kk fal om defen handel te verclaren, in die plaers nemen ee-' 
nighe berekende nu in druck uyrgaende, als die van Stadill4, want hoewelfe op 
effen tijt berekent fijn:daermen de crvaringsdachtafcls op oneven ofnatuerlic· 
ke maeckt • en dalfc daer benevens niet gcnouçh mette faeck en overçommen. 

B ~ ccni: 
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so that by the apparent arc, in the order of the degrees, from the slowest PIanet 
to the fastest the Planet's gain is generally denoted, which is calculated with 
mean as weU as true Planets. 

20th DEFINITION. 

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

21st DEFINITION. 

The Mean Planets' conjunctions and oppositions are caUed the Planets' mean 
conjunctions and mean oppositions. 

22nd DEFINITION. 

Empirical ephemerides .of the Planets are tables in whichare 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 ephemeridesof the Planets are tables which are calculated. by means 
ofknowledge 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 Johannes 
Stofflerus, Erasmus Rheinoldus, Leovitius, Stadius, Maginus, Martinus Everarti, 
and the like 1). 

') Johannes StöfHer (Blaubeuren 1 452-ibid. 1531), professor of mathematics at 
Tübingen. Author of the Tabulae Astronomicae (Tubingen 1500 and 1514). Jointly with 
Pflaum he published ephemerides of the planets for 1499-1531: Almanach Nova (Vlm, 
1499). Later he published alone the sequel: EPhemeridum opus . .. a capite anni 15:32 
in alios 20 proxime subsequentes . .• elaboratum (Tübingen, 1531 and subsequent editions 
in 1533 and 1548). 

Erasmus Reinhold the Elder (Saalfeld 151 I-ibid. 1553), professor ofmathematics at 
Wittenberg. Shortly after his ephemerides for 1550---1551 (Tübingen, 1550) appeared 
his celebrated Prutenicae Tabulae coelestium motuum. (Tübingen 155 land 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 formed the basis for the Gregorian reform of the calendar. 

Cyprian Leowitz (Leowitz in Bohemia 1524-Lauingen 1574),mathematician to 
Count Otto Heinrieh, author of Ephemeridum novum atque insigne opus ab A. 15s6-1606 
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. 1551: ad A. 1570 
(Cologne ~556; later editions up to 159 I contain an extension up to the year 1606). They 
were based on the Prutenicae Tabulae. 

Giovanni Antonio Magini (Padua 1555-Bologna 1617), professor of mathematics, 
physics and astronomy at Bologna, author of Ephemerides coelestium motuum ab A. 1581-



- 52 -

EERSTE 

ONDERSCHEYT 
DES EERSTEN 

BOVCX,VANDE VIN-
ding des Sonloops deur 

ervarings dachcafels. 

Eerick comme lot/eSon/oop int heflndtr ,folbefchrifvcn 
t''Vo~hende eerfte Voorftel'Vande 'Vinding der Drvvaelder-
loopen haer en ti ander int gbemeen angaende. . 
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24th DEFINITION. 

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

NOTE. 

The ecliptie, like the equator and otber circles, will here be divided into 360 
degrees, without using the twelve signs, eaeh of 30 degrees, or their names 
as used of old, the reason of whieh I will set forth in tbe 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 Ev.erart or Everaerts (bom 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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. . P E S HE·M E LL 60 P S. . 13 

. ronden~· ghevc:mden vvort de raCheyt ~'an ·yder rondes 
loop op bekende tij t. .. . . . 

MER C K T. 

Den duyfieraer fal hierghelijck 'den evenaet en meer ander· ronden. ghe~ 
deeltworden in 360 trappen, fonder t~aelf teyekens Ie ghebruyekcn e\ek van 
30tt• afnamen van dien na d'oudeghewoome, wáer af jek de reden inden 
Anhang defcsHcmclloops vcrclarcn fal. .. 

B EERSTE 
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FIRST CHAPTER 

OF THE FIRST BOOK 

Of the Finding of the Sun's Motion 

by Means of Empirical Ephemerides 

49 

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. 
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J2 BEPALINGHEN 

fien Dwaelder totten fnelfien, int ghemeen Dwaelderwinfi beteyckent wort, 
welcke men foo wel bereken t met middeldwac1ders als ware. 

20 B E PAL IN G. 

Tvvee vveereltlichtcn een felve fchijnbaer duyfteraer
Conjunaio- langde hebbende vvorden in * famingghefeyt. Maer een 
':J);oPtior/I. fchijnbaer half rond t verfchillc:nde, in * teghdl:ant. 

2. I B E PAL I N G~ 

Der Middeldvvaelders faminghen en tc:ghdlallden 
Conj .... aio-vvorden haer* middelraminghen ende middel tege fian-
nts (?" °PPO- d h . 
fitiontSrnt- en gefeyt. 
ol ..... 

12. BE P A LI N G. 

Ervarings dachtafeIs der Dvvaeldersfijn vvaerinoir
dentlickvandach rot dach berchreven flaende plaeeren 

'nJ1rumenr. der Dvvaelders foomenfedeur*vvifconfluygen daer toe 
::chem4ri- bequaem dadelick bevondenheeft, met tijt haerder fa .. 

mmghen, foomettevafle fierren als onder malcander~ 
voort haerandeve.l;lde alsduyfieringhen,grootheytdes 
. verduyfterc deels, overvvelcke fijde verduyflen J vvan .. 
Deer beginnende, vvanneer eindende,endierghelijcke. 

Ephtmeri
J.s. 

23 B EP A L LN G •. 

13erekende dachtafels der dvv~dders,fijn die deur ken
nis des Hemelloops berekent vvordê, vvaer inoirdentlick: 
van dach tOt dach befchreven flaen,der pvvaeIders plaet
fen, {oomen riieynt datfe in toecommende tijden fijn 
rullen: Voortduyfteringhenvan SonenMaen,methaèr 
anclevende. .. . 

Sukke berekende dachtafeIs gaen nu "eelin druck nyt.a1svanloal1l1es SlofJle
.,us, Erll:(mll4 llheil1Q/dIl4,Ltovitill4, Stlldill4, tMagilluJ" UWarli1l1l4 EvtTaTIi ,CD 
pierghelijcke. . 

24 B E PAL ING. 

Keertijt eens Dvvae1ders noemtmen,in vvekke deur 
een gtoate menichteder gagheflaghen keeren van fijn 

. ro~ 
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Ist 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, 1 will give my opinion how it seems that 
those proceeded who first began to leam 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 terrestri~ll 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, besidcs 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 retuming - 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 circumstimces of the eclips es 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 Stadius 1); 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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E R VA RIN GSD ACHT A FEL S. 19 

MAECKSEL DES TAFELS 

VANDE MIDDELLOOP 
DERSON. 

VA N D E bovefchrcven loop eensdachs,dats van 2+ uyren doende 
$90 8. 17.J3. J:!dI. 

Ghcnomen het-i.,comt voor . I uyr 20 270$0.43. 3. J, 

Diens dobbel voor :z.uyr· +0 jj.41. 2.6. 6. 2. 

Ende foo voortgaende men cri;eht den loop va.n aId'ander l1yren tot 23 toc: 
Daer na tot den loop van een daeh, vcrgaert den loop van noch een daeh; 
men heeftfe van twee: Ende foó vervoJghende men erijchtfe van meel dagen, 

. oock van Egipfchc jaren tot 8 JO, ghe1i jcldè inde nabCCchreven tafel !lam. 

B4 

... -_ .. ~ . 
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on the oae hand owing tomiscalculations, on the other handbecause 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' motionsthus far being roughly known by means of simple 
intelligible . reasons, I will tQereafter, 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 af ter 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 aPlanet, 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 ofknowledge 
of the Heavenly Motions, further that those mathematical operations we re thereupon 
added to the others for greater completeness and certainty. And thus I will 
also describe them, af ter 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 thebeginning of the knowledge ofthe Heàvenly Motions 
stirted 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 hisown-reports.was very simple, namely, 
the motion of the Moon, like that of the Sun, in an eccentric circle and the other 
Planets only in eccentric epicyc1es. 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 wlth 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 nÇlt 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 Ptolemy' 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 c1early to the 
pupil what is sought for in the improvement of the Heavenly Motions, thus 
to be able to strive on a firmer basis af ter more suitable theories, because this 
appears to me the most suitable method for making his PRINCEL Y 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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SONLOOPS VINDING DEVR 

brack den tijt des loops van 29 0 : Om welde te vinden. iek!ie inde dachtafel 
dat de Son doen op een dach liep 590, daeromfeghick, 59 0 gheven 24UY
ren. wat de bovefchreven 190 ?wmt alfvooren lluyrcn 47 0480. Nu 
vanden 11 maerte int jaer 1554, tOllen IQ Mae:rte 11 u)'r 47 (9 48 0 int jaer 
1606,Gjn ghefchiet 52, keeren, wa er over de Son ghe100pen hccü 18992, dJ
ghen IJ uyren 47 CD 48 Q) (te weten} 2. mae1 365 min 1 (ick fcgh min 1 om 

. dattet is ,'anden 11 Matrte totten 10 Matrte) dats J 8979, met noch 13 dagen 
der 13 fchrickdjaren, die in Febmariusvervought worden) Die fao Gjnde, iek 
kgh, 52 keer en duyren 18992 dagen 11 uyren 47 (9 48 0, hoc langh fall keer 
duyren? Comt voor de begheerde lanckheyt des jaers na defe.rckcning, 365 da-
ghen 5 uyrcn 45 0 55 0. . 

. TB E S L V X T. Wy hebben dan deur ervarings d:lchtafels de lanckhcyt 
des namerlick jaers ghe\'onden,na den eyfeh. 

3 VOO R S TE L. 

De Sonnensmidddioop op een ghegevcn tjj t te vin
den,en daer afeen tafel te be{chrijven. 

I 'M ERe K. 

Jnu Voodlel is ghefeyt het ja er bevonden te wefen \'an 365 d3ghen 5 uy
ren 45 Q) 5 S 0, waer op men als grom [oude moghen·voörtvaren,int maken 
van nieuwt tafels des Ipiddclloops der ~on: Doch. want my t'felve moeylick 
foude vallen, dat oock daerbenevens dit bdluyt vandc lanckhe)'t des jaers 
(ghelijck oockalle :mder na den wijfemijt) weynich fekerheyts heeü, en dat 
alles maer voorbceltfche wijCe en g~fchiet ,om de redenen van dies breeder 
\'erclaert int I voorfiel. (00 [al ick om fulcke moeyte te fchuwen, nemende 
lanckkeyt des jaers by Pto!emell4 ~fchreven, en detafe1en by hem daer op be. 
reken t. Defe lanckheyt des jaers heeft hy na de wijfe alfvooren be\'onden van 
365 daghen 5 lIyren 5 S 0 12 0, die in ander verdeeling fonder uyren te noe
men,doen 365 daghen J4 048 0,ofieanders 365 ifodaghell. 

En li.JJcx als hier in ditmerck ghefeyt is va~de Sonloop, derghelijcke faijnt 
volghende oock alfoo ghedaen worden met Ptolemtll4 tafels der middelloo
ren van d'ander DwaeldeIs,die ick nemen fal in plaets van nieuwe te maken. 

TGHEGEVEN. Hetisdentijtvancendaeh. TBEGHEERDE, Men 
wil daer op de: Sonnens middelloopgevonden hebben. Tw ER C K. lek fegh, 

. op 365 ~daghen)loopt de Son 360tr. deur het I merck defesvoorfiels, watop 
1 dach: Comt Voort'~gheerde59,®8.17' 13. U.31. 

z MER C K. 

Wy hebben hier een vOOIbce\t ghenclt, int welcke de Sonnens eyghen
loop eens dachs ghevonden wen door een reghcl van drien ,wäcr me kenne-

. lick is hocmen deur dcrghclijcke wercking, de Sonloop fcude vinden "3n alle 
gheghevcn tijt, maer want die weIeking moeyelick valt, ende dat boven dien· 
ons lilJcx in dcfèn handel dickwiJs te vooren comt ,foo wordender tafels ghe
ID3cckt, om van alle olltmoetende tijt den loop met lichticheyt te vinden, 
welckll1aeckfelick bcfcluijvenfalalsvolght. . < 

MAECK-
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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 fuUy 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 menfirst 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, or others instead for that matter, which we use as if they 
were empirical 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 0nly l' 
from the Vernal Equinox. I then seek in the following year 1555 when the Sun 
was again at the above 359°59', and find 11th March, af ter noon at 5h 36 m, 
for at noon according to tbe ephemeris it was at 359°45', so that tbe time of 
the motion of 14' is still wanting. In order to find this, I see in tbc ephemeris 
that the Sun then moved in one day 1 0, that is 60'; therefore I say: 60' give 
24 hours, what do the above 14' give? This gives, as above, 5h 36m. But from 
Uth March 1554 to 11th March 1555 there are 365 days; tberefore, according 
to this calcu1ation tbe lengtb of tbe year WOuld be 365d 5h 36m. 

This has thus first been calcu1ated by way of example for tbe motion of one 
revolution of the Sun in order that everything may be understood, more dearly 
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 tbis 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 
359°59', and find 10th March, af ter noon, at 11h 47m 48s, for at noon it was 
at 359°30', so that the time of tbe motion of 29' was still wanting. In order 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, uh 47m 48s. Now from 11th March of the year 1554 to 10th March 
at Uh 47m 48s of the year 1606, 52 revolutions have taken place, which the 
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de wareplaetfen, maer alleen te verclaren de manier des loops, nemende 
voorbeelden die beft te pas commen, ghewis of onghewis, uyt oirlàcck dat 
:den handel int gheheel na mijn gevoelen om der on bekende tweede one\'ent
heden \viIle, alfnu gheen ghenouchfaem vaftc gront en heeft ,en een nieuwe 
ghewHfer vereyfcht,die foo hae~ niet gheleyt en (al connen wordel1,ecnfdeeJs 
om datter geen geDacht van volck en is die in haer aengeboren tad hun heel 
crn !lclick daer in t'(amen oetrenen , en vervolghens niet foo veel GaOaghers 
en (;Of,llen ghevonden worden als de faeckverey(cht, ghelijck daer afbreeder 
ghereyt is onder de 6 bepaling des eedien bouex vani Eertelootfchrjf:. Ten an
deren dat bovendien fu1cke verbetcringoock tijt vereylèht: 

TB E S LV Y T. Wy hebben dan verdam hoet rchijm da~de menfcheneerft 
begoften tOl kennis van de loop der Dwaelders te gheraken , of daer toe fouden 
meughen beghinnen te commen , [ocder gantkh gheen af en waer, na den 
cyfch. . 

lVOORSTEL. 

Deur ervaringsdaéhtafcls de Iabckheytdes natuerlick 
jaerste vinden. . 

Men beghint billiehlick mettet onderCoueken dedanekheyt des natuerliek 
jaers,omdalmen een feker bepaelde tijt behoufr , waeI in alder Dwaelders en 
Hemelen loopen be,rekent worden. Op dat wy dan lotie faeck commen, t'is 
noodich dalmen om t'volghende lichlClick te verfiaen,hebbe de voorû:hreven . 
dachtafeIs van Sladius, ofimmersal1der in haer plaets,welcke wy nemèn aloft 
crvarings daehlafels waren, want [onder die [oude alles.duyfieIdcrvallen. De 
id\'e dan by der handt wefende, ick [ouck in eenieh jaer ; iek neem het eerfte, 
werende t'jan I.5 54 op welcke middaeh de Son de ~cDIfneten nadien was, 
en bevinde opten I 1 Máene, want doen waiI'eonderden 3S9tr. 59 0,t'welck 
alleen lick 1 CD \"ande Lentfne is. lek fotiek daer na opt ,"olghendejaer:15H, 
wanneerdèSonweerom was indC11 voorfchreven359 tr.59 0,en bevinde 
den 11 MacHe namiddach tes uyren 36 <D, want op ,den middaeh wafiè na 
tUytwijfen des daehtafels inden 359 tr 45 0,fulcx datter noch gcbreed den tijt 
des loops vaU14 0: Om welcke te vinden ick fie inde dachtafel dat de Son 
doen op een daeh liep 1 tr. dais 600., daeromfegh ick, 600 geven z4uyien, 
\vat de bovefchreven 140 :comt alfvooren 5 uyr 36 0· Maet vanden 11 

l\.iacrt IS H,tolten Il'Maert ISS 5,fijn 365 daghen ,daerom fjaer (oude na die 
. rekening ducren 365 daghen 5 uyr 360. . . 

. Dit is aldus eerft voorbeeltlChe wijfe metten loop van een Son keer bere
kent, op dat alles claerder en grond~licker verftaen worde. Maer anghefic:n . 
men op veel keeren ofjaré, meer fekerheyt heeft dan op cenofweynich (want 

.. op duyfent jarc:n een uyre ghemifi, en maeekt op. een taet maer ,oZóuyrs, dac:r 
".anders op een jaer een uyr ghemifi, voor t'[elveeen ydei: jacr een heelc uyrbe
.draeeht) 100 fullen wy nu daer toe[oo veel jaren nemen alfièr indedachtafeis 
fijn. . . 

lek Couck dan opt laetfie jaer , werende het 1606, wanneer de Son weerom 
was inden 359 tI. 59 CD, en bevindeden 10 Maerte na middaeh 11 uyr 470 
48 G ,want op den n.iddaeh waffe inden 3 jS)tI. 300 ,fu1cx datter noch ghe-

13 3 bra~k 
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Sun performed in 18,992d 11h 47m 485 (to wit: 52 X 365 minus 1) (I say 
minus 1, because itis from llth March to 10th Mareh), that is 18,979 plus 
13 days of the 13 leap years, which are added in February). This being 50, 
I say: 52revolutions take 18,992d llh 47m 48s, how long will 1 revolution 
take? According to this calculation the required length of tbe year is 365d 
5h 45m 555. 

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

3rd PROPOSITION. 

To Eind the Sun's mean motion in a given time, and to describe an ephemeris 
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 tbe 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, 1 will, in order to eschew this trouble, take the length of the 
year described by Ptolemy, and the tables calculitted by him thereon. This lèngth 
of tbe year was found by him in the above manner to be 365d 5h 55m 12s, which 
by anotber division, without mentioning hours, makes 365;14,48,1) or otherwise 

365 tó7
0 days. 

And the same as has been said in this note for tbe Sun's motion will also 
be done hereafter for Ptolemy' stables 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 365 13;0 days tbe 

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

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 of ten meet with it in this work, 
tables are made for easily Einding the motion for any time tbat may occur, tbe 
construction of which tables I wiIl describe as follows. 

1) In sexagesimaJs of a day, he~ce meaning 365 + ~ + 3:~0 days. 
S) In angular (or analogous) guantities written sexagesimally, tbe successive sexagesi

mal subdivisions (which Stevin mdicated by writing the digits 1,2, .•. in small cirdes) 
in accordance witb modern practice are separated by commas. The whole numbers 
are followedby a semi-colon. Ifthere are only few subdivisions, tbe ordinary notation in 
degrees, minutes, and seconds is used. 
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ltS SONLOOPS VINDING DEVR 

een fdecl 5 deur mifrekeninghen dieder vallen; ten anderen om dat den Hemel. 
'loop na niet ghenoueh bekent en is ,doch fait voorbeehfche wijfe meughen 
befiaen, om daer me mijn voornemen te verclareIl : Te weten hoemen voor 

. t"(erfte vermoedt de Dwaelders te Joopen in uytmiddelpuntige ronden,en ce
nighe boven dien noch in inronden. Ten anderenhoemen daer deur vindt 
der Dwaeldcls middelloopen : Voort de fchijnbaer duyfieraerlangden der ver. 
ftepunten ofnaefiepunien van weghen en inronden. 

Den Dwaelderloop dus verre deur platte verftanelieke redenen uyrden rou. 
wen bekent fij nde, foo falick daer na inttweede bouck en d'ander volghende 
voordercommen tottet onderfoucken defer fiof deur wifeonfiighen handel, 
na d'oirden int Con begrijp des Hemelloops verclaert : Want datmen de ho. 
ve[chreven dinghen ten eerften begint te foueken na de wijfe van Hypparchm, 
en Ploltmem ter handt ghecommen, en deur hemlien onsachtcrgclaleri (daet 
wy hundanck af fehuldieh fijn) te weren deur [ekeI wi[eonfiighe wereking, 
ghegronropeen Dwaeldersdrie gaghdlaghen fehijnbaer duyfieraerlangden, 
de natuerlicke reden fchijm te willen dat d'cerfie onderfouckers daer me niet 
en begoften, maer dat veel andere dinghen voor moefien gaen, deur welckc 
menJeeide dattet gafiaen van fulcx tot foo feker groDt vande kennis des He
melloops ftreeken foude, voort dat die wifeonfiighe werekinghen daer na tot 
meerder overvloet en fekerheyt by d'ander ve[vought wierden. En alfoo fal 
ick die oock befchrijven·, na dat de faeek eeril deur wercking met ervarings 
dachlafcls \'erfiaen falfijn : Merekt noehdat nadien den Eencloot int uyterJid:; 
anfien fchijnt Oil te ftaen ,en dat den anvang der leering des Hemc1loops op 
fu1cke ftelling begoft beeft, oock alfa bequamelicker en verftaenlicker bcginrt 
1'00 fullen wy t'felve.bierna volghc:n, befchrijvende op fukken gront het eer
fie en tweede bouck ,mae! int derde den Hemelloop mette natuerlicke fiel
ling ce ris roerendcnEertcloots. 

VoOrt is te weten dat de befehtijving des Hemelloops Plolemtm ter handt 
gc:commcn,na fijn eygen feggen feer eenvoudich was,namelick de Maenloop~ 
gclijekvande Son in een uytmiddelpumichront,en d'ander Dwaelders alleene· . 
lick in uytmiddelpuntigeinronden: Maer Ploltmell4 aehtendedat fulex niet ge
nouch met fijn dadclicke ervaringé overeen en quam, heeft de fpiegeling deur 
hem daer toe verdocht, ghemengt mette voorfchreven eenvoudige fielling,en 
daer af een welck gemaeckt : Sgelij ex heeft oock Coperni&1I4 op de Helling eens 
roerendé Eerteloots gedaen:Doch ick en fal bier die vermengde wij fe niet vol
gen,maer den Hemelloop met d'eerfte eenvoudige ftellillg alleë befchrijvé,op 
dat wy die voOrt' eerfie a1roo hebbé,gelij ekfe Plo/ellJtf16 ter handt quam, en van 
·dienaverdochle oneventhedé wefende onnatuerlick duyfier en gemifi, fal ick 

. in een Anhang befonderliek handelen, op dat voor den leerlinek te c1aerlickea: 
blijeke wattel inde verbetering des Hemelloops gefecht wort, om al[oo op een· 
vafter voet na bequamer * fpiegelinghen te meughen trachten,want dit de be~ 
quaemfie wech is die my nUlevoren comt. om op den cortften tijt mette mee
fie c1aerheyt, fijn V 0 II S TEL leK E G HEN AD E te doen verftaen t'ghenc 
my "Vandé loop der .Dwaelders bekent is, oock mede om opentlick te doé blije
ken,hoe noodich ervaringsdachtafels en '* Gaflagers Gjn, om tot fulden ken'-· 
nisdefei con ft te gheraken. al1lèrinden Wijfentijtaf ghewecft heeft. 

MER C K T. 
Eer iek voorder comme fat nocb.dit fegghen : Tc weten dat mijn· voorne

men niet en is met glootc fckeIbeyt te bewijfen dCl Dwaelders toerommen
de ware 
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CONSTRUCfION OF THE T ABLE 
OF THE SUN'S MEAN MOTION. 

If of tbe above-mentioned motio.n of one day, that is 24 hours, 
being 0°;59, 8,17,13,12,31 

there be taken i4' 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 

59 

And, proceeding in this way, we get the motion of all the other hours, up fo 23. 
If thereupon to the motion of one day theie 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 tabie. . 

[The lol/owing table (P'p. 20-21) has not been reproduced hère] 
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GHEBRVYCK DES TAFELS . 
. Laet bcgheert fijn de Sonnens eyghen loop op 879 Egipfche jaren 66 da

gen 2 uyren. T\v ERe K. SOO inde tafel de 879 Egipfche jaren 66. dag. : uyr. 
metten middelJoop van dien al in een reghel ghevonden wierden, wy fouden 
ren eerften den begheerden middelloop hebben,fonder eenighe vergaring van 
ghedeelten te behouven: Maer dat niet wèfende, wy moeten verfcheyden ftie
ken by malcander voughen die t'famen dat heel maken:Tot defen eynde neem 
ick ten eerilen uyt de tafelde jaren die de begheerde 879 naeft fijn,als 810 ,die 
fiellende met haer middelloop alleen click lot 0 toe (als totte faeck ghenouch 
lijnde, om dat de reft dient tottet maeckfel der tafel, niet tOltet ghebruyck van 
dien,fooint laetfte deel der nabefchrevé waerfchouwing opt maeckfel der tafel, 
breeder verc1aert fal worden) En de gheftalt der wercking làl dufdanich fijn: 

810. jaren. 163 tr. 4. u. 
Nu ghebreken my noch 69 jaren, datr toe neem icker (hoe wel men die 

noch anderHns foude meugben nemen) 4S en Ij: Daer na 60 dag. en 6 dag. 
ende ten laetften de twee uyr :De fclve altemacl oirdentlick vervought onder 
de bovefchreven 810 jaer, ende alles vergaert na t'behooren , foo falde ghcftalc 
der wercking fijn als hier onder. 

810 jaer. 163 tr. 4· JZ. 
S4 jaer. .146 u. j2. J7. 
IS jaer. 3j6 tr. 21. J I. 
60 dag. j9 tr. 8. 17· 
6 dag. s tr. 54· 50. 
a uyr. o tr. 4· j6. 

931 tr. 2.j. 43· 

vytdefc93 1 tr. gbctrocken al deheeleronden diederin lijn elck van 360 tr. 
eomt twee ronden, die iek verlaet, ende reft 2.11 tI. wclcke mette reft doen 
211 tr. 2S 043 ® ,docb verlatendede43 0 ,comt ten naeften voorden be
gheerden loop op den ghegheven tijt all tr. a6 0. 

TB E S L V Y T. Wy hebben dan de Sonnens middelloop op CCD ghegeven 
tijtghevondcn,en daer afeen tafel befchrevcn, na den eyfcb. 

WAERSCHOVWING OPT MAECK
SEL DER TAFEL. 

Hier valt te beden eken dat de tafel van een daeh vermeerderende, vercyfcht 
ghemaeckt te worden alrijt deur menich vulding of vergaring, ende niet deur 
deeling of aftreeking : Als by vootbeelt, my bekent geworden fijnde den loop 
van 18 jaren, doende 168 tr.49. sa. 9.9.45.0. fooickdaer mcwil vinden den 

/ loop van 4-madI8. dats van 7a jaren. iek meniehvuldighe den voorfchreven 
loopmet4.eii romt (hccle ronden verlaten) 31j tr. 9. aS. 36039. 0. o. T'welck: 
alfoo deur menichvulding wel gaet ,ghelijck boven ghefeyt is: Maer foo ons 
deur ander wech eerft bekent badde geweeft de fclven loop van 71. jaren, ende· 
datmen deur verkeerde wech der voorgaende , dats deelende dien loop 3 Ij tr. 
9.28.36. 39. o. o~ deur 4. [oude meenen te vinden den loop van 18 jaren, ten 
foude niet volgen, als blijckt, wan t fuIck vierendeel den loop van J 8 jaren niet 
uyt en brengt, ende dat om bekende oidàken, te weten dalmen al mcnitbvul-

dighcn' 
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USE OF THE TABLE. 

Let it be tequired 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 whoie. 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 tabie, 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 tabie). 
And the form of the procedure will be as follows: 

810 years 163° 4'12" 
Now there are still 69 years short; for this I take (though one might also take 

them differently) 54 1 ) 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 yearsand everything is properly added together, the form of the 
operation will be as shown below. 

810 years 163° 4' 12" 
54 yearS 346° 52' 17" 2) 
15 years 356° 21' 11" 
60 days 59° 8' 17" 

6 days 5° 54' 50" 
2 hours 0° 4' 56" 

931 ° 25' 43" 
When from these 931 ° I take all the complete circ1es which are contained therein, 
each of 360°, I get two circ1es, which I discard, and the remainder, 211°, which 
together with the rest make 211°25'43"; but when I discard the 43", I get 
approximately 211 0 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 tabie, 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 findby 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 circ1es 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, i.e. dividing that motion of 315;19,28,36,39,0,0 hy 4, we 
thought we niight find the motion of 18 years, this would not follow, as is 

1) For 45 in the Dutch text read 54. 
I) For 146 in the Dutch text read 346. 
8) This example has been taken from the tables ofthe moon (Book I, second chapter, 

p. 47 ofthe Dutch text). 
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dighendc heele ronden verlaet,dicmen al deelende daer by foude inoeten doer., 
maer de fdve onbekent fijnde en can niet bequamelick te weghcghebrocht 
worden. Tis oock openbae,r waerom dattet werck deur de bovefc,hreven dce
ling gheen hindernis en crijcht deur deeling des dach in uyren ; ghelijckt ooek; 
cn toudcin deghedeellendes tijts van36s d:tghen, naluentlickom d,lt daer in 
gheenheel ront enean wefee. 

'V OOR T; angheGen wy van deender ghedeelten dan @ als (1., CD &c. 
, in dadelicke ervaringhen weynich of gheen fe~erheyt en hCQbcn , alS 

, t'fijnder pláets verdaertis,fo O1041t ymant dcncken, waerom defc Son
loopen inde tafel decoder dan met @ befchre\'en fijn tot ® ~oe, te weten 
waerom daul! en niet en feyde den loop eens dachs te we{en alleen click \'a n 59 
0, achterlatende de reil: : Oftewaerom dat men even tot'@ comt,ende niet lot 
noch decnder gedeellé : De reden daer af can deur t' voorgaen de open baedijn: 
Want nà diender ouden voornemen was. te befchrijren een tafel van 810 ja
'Ien,begrijperide 29S6~0 dagen, ende dat de Sonloopdel felve gevonden wOlt 
deur veriàming vanfoo veel dagelicfche Sonloopen (w:mtvan eleke tijt des Ia

felshaer loop deur reghd van drien te vinden, als eensgedaen is int vinden des 
loops van 1 dach,menfoudealfoo wel een tafelmeughen makenallcen tot ® 
toe, m3edillc~ maeckfe1 foude veel te moeyeJick vallen, als boven ghefèytis) 

, daer uyt foude v()lghen datter inde Sonloop vande voor[chreven 810 jaren,ge-
mi ft {oude fijno:verdcz95650maeIS@ (dicderboven de 59 CD fijn,bedragen
de o\'ér de 657 tr., Oaerom dcSonloop dcrtafels in @ te einden en, waer uyt 
Cljrfaeek van fulc~ niet behoorJick. Ende om de (e1ve reden falmen oock ver. 
1laen,dattcl niel behootlick cn waer die te einden in 0, CD, of@, want in 0 
'eindcnde,cnèe ecnighe <D daer an ghebleker.de,ofte o\'crfchietcndc,het [oude 
inde groote tijden eenige 0 feyls eonnen geven, want 30 <D genomen 2.95650 
macl,maken over de 400, welckedcur vergaring van \'edë:heyden gedeelten, 
feyl van eenighe 0foudeeonnen veroirfaken.lnder voughen dat in fulckan
fien,de Sonloopen des tafe'Is tOt CD feuden ~oeten èommcn,om int gcbruyck: 
van dien fekerheyt van @tehebben:Doch tot noch meerder gewifheyt,ende 
om Sonloopen te meughen berekenen op grooter tijden dan 8 JO jaren,la heb
ben deouden,ghcJijckt 1i::hijnt,tot ® gheeommen, ende met goede reden tot 
gheen deender ghedeelten,als onnoodlch fijnde. 

MER C K T. 

Gheli;ck hier eeil tafel gemaecktis mette gevonden eygenloop der Son eens 
,dachs; Alfoo fullen int volgende tafelsgemaeft worden mette gevonden loop 
eens dachs van d' ander dwaelders, ende haèr Hcmelc n : Doch wyen fullen al
daer noch manier des maeckfels, noch des ghèbruycx van dien, bcfchrijven ,als 
gc:lijck fijndeande voorgaende. ,Men fal oock veriben de bovefehre\'en waet-
1cbou wing over de ghelijeke volg,bende tafelen ghemecn te wefen. 

-4 V 0 Q R ~T EL.· 

D-cur ervarings dachtafeIs te;: vinden de fchijnbaer * duyfieraerlangde van dés Sonvvechs verfrepunt en ~ÎfuJjnë 
naefiepunt . " .', ;:;:;: 

Alfmen 
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apparent, because such fourth part does not give the mot ion of 18 years, such 
from well-known causes, to wit that, inmultiplying, whole circles are discarded, 
which, in dividing, would have to be added thereto; but since they are unknown, 
this cannot be brought about ac:lequately. 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. 
. Further, as we have little or no certainty in practical experience of parts smaller 

. than 1', such as higher-order sexagesimais, as has been set forth in its proper 
place,-one might think why these Sun's motions have been described in thc table 
in parts smaller than 1', down to sixth-order sexagesimais, to wit, why it was 
not said that the motion of one day was only 59', discarding the 'rest. Or why 
we goprecisely 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 èlays, and the 
~un'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 1", 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 years 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 foiIrth and there should be some of the 5th order short or in 
excess, t~is, 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 
5thorder if we are to have a certainty'of l' 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 the6th 
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 ll)otion of 
the Sun as föund,. 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 witb the preceding case. It is also to be understood tbat the 
-above-mentioned caution applies to tbe similar following tables as weIl. 

4th PROPOSITION. 

To find~ by means of empirical ephemerides, tbe apparent ecliptical longitude 
of the apogee and perigee of the Sun's orbit. 

1) Cf. Third Book, Chapter I; also Intraduction, p. I I. 
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Alfmen de dachtafels van Slttdill4 (die \Vyom de redenen des I voorl\elS ' 
nemen al of Ce uyl ervaringhen befchreven waren) wel deurfiet, men bevin l 

oDevenheyl inde fchijDbaer Sonloop,te welé op d'een tijl wel 3 Of4 (9 fdaechs 
meer als op d'and\!r, eD daerbenevens datlet een jaer voor t'ander na , den leop 
oOlrent het middel van Iunius altijt ten Gapften is,daghelicx van S7 0. Als by 
voorbeeltopden Ij luniusint jaer ~jSS, bevinde ickde Son onder den. 92 tr. 
39 0,en op den 16 daer na onder dé 93 tI. 36 0 :Sulcx dalfc op dien dach van
den IS luniustollen 16,geloopenheeft j7 0 :enfoveellooptfe oock van yder 
l5 lunius lotten 16 op elek qer volgende ende voorgaende jaren. Maer on trem 
halfDecembe-r Hfe alle jare ten fnelften van onnent 1 tr. 1 @.Nuditaldusjaer
licx ohebeurc:nde ; het gheeft den ecrfienorrderfouckers der oiJfaken defer din-
'ghe~ bi lliehliek vermoe~)dal ~e_ Son in een rondl draeyt,?iens middelpunt des 
EettclOOIS middelpunt Dlet en Is,maer gaer bUyleD. Om t weJck deur een form 

A 

G~--~----~~------7---

B 

breeder te \'erclaren, la,et 
A B den duyfieraer fijn, 
diens middelpunt dats dé 
Eertcloot C, en DE de. 
Sonweeh , dier.s middel
punt F, ['Verfil punt D» 
,'naefiepuot E:Laet daer 
na van C lOllen duyfie:. 
faeran G,grlrocké wor
den C G rechthol1dd~h 
op AB, en fi)iendc de 
Sonwech in H. Dit foo 
wefende , men fiet d'oir~ 
{aeek waerom de Son in 
baeI weeh loopende vaD 
D tot H meer dan eé de
lendeel ronts, nochtails 
inden doyfteraer f"bijn
baerlick van A tot G al-

J eenelick een vierendeelrants : Sghelijcx waerom Cy in haer wech eyghentlick 
loopende van H .lOt E min dan een vierend,eelrontS,nochtans inden duyfier2cr 
fchijnbaerli,k van G tOt Been \olcommeri üerendeelronts. Men fiet oock de 
oirfaeck waerom de Son o\'er e\-en fchijri baer boghen als A Gen G B onelen 
tijden loopt,te weten langenan D t91 H"datsde lèhijn bàeIloop A G, dan van 
H tot E,dats de fchijnbaetloop G B. Maer in des fchijn baerloors twee half lon
den A G E, B A,looptfe even foo lang als in des eyghen loops twee halflonden 
DH F, E D. Hier uyt is openbacr dat de Son allt vedlepuDt D we[ende. int 

, middel van haer fchijnbaertraeehfieloop moet fijn ,en aR t'naeficpunt E int 
middel \'an hacr khijnbaer JÎlelfie. Maer om dat middel, t'wekk ('begeerde de
fesvoorfièls is,op een fekervoet te foucken, ickfalder ecrft' defe verc1aring af 
doen'. Laet inden duyfteraer ghetcyckent worden de twee punten I en K,a!
foo dar de booch A I even fyan A K : Daer na fy ghetrocken van C tot 1 inden 
duyficraer de Iini C I/niende de Sonwech in L,fghelijcx C K fniende de Son
wc:chinM. Dit [00 fijnde,tisopenbaer dat ghelijckdefchijr.baerboochAI 
over d'een fijde, even is mette fchijnbaerbooch A K over d'ander, alfoo is de 
Sonwechbooch DL o\'er d'een fijde,oock even mette Sonwech booch D M 
over d'ander: En vervoJghens alle twee fchijnbaexboghen die over beyde fij. 

den van 

.' 



- 71 -

65 

If we look through the ephemerides of Staditls (which for the reasons mentioned 
in the lst proposition we use as if they had been described from experience) 
attentively, we find inequality in the Sun' sapparent motion, to wit atone time 
as much as 3'or 4' a day more than at another, and moreover that rear in and 
year out its··motion is ahvays slowest about the middle of June, being 57' daily. 
Thus, for example; on 15th June .óf the year 1555 I find the Sun at 92°39', 
and on the 16th af ter 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 fóllowing 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 investigatorsof 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 drawri 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 aquarter drcle. Likewise why, 
moving in reality in its orbit from H to. E less thana 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 tirries, to wit, longer from D to H, i.e.· the ápparent motion AG, thán 
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 requiredin this proposition - on a 
sure basis, I will first give the foUowing explanation of it. Let there be 'marked 
in the ecliptic the two points land K, in such a way that the arc AI shall be 
equal to AK. Thereafter there shall be drawn Erom C to I in the ecliptic the 
line Cl, 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 AI 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 orbit DM on the 
other .side. And consequently the. two apparent arcs which are equally large 



- 72 -

E It V A 8. i N GSD A en 't A }I ~ t S. 2 J 
dtn van A evegroot fijn, g~evrn eoek twee Sonwcchbogen o,'er bryde lijden 
vä D ~VCgloot, Hier uyt ,'oJght dat alf men inde ervarings dachtafeJs cen fchijn
baer plaets fukx vint, dat h~er twee loopen op even tijden over beydc fijden 
cvegroot fijn,de felve pl~e.ts de Sonnensf.ehi)nbaer v('rftrpum moet welèn • 

. Het foueken van dien gaetaldus toe:' lek verkies eenighe maent van Iuniu! 
(daer in meI) deofehijnbaerloop over al ten !raechften vindt) als num ick Iu

. nius int jaen S 54, onderfouek daer me het voornemen op eenighen dach die 
. by raming onrrem het middel des iraechften loops der Son is • iek neem opdé 

10,alwaer de Son bevond~n won onder den 88tf,2 (9 :Maer binné drie maeno. 
den daer te, \'ooren (welckedrie maenden, of tijt waer me de Son ontlen teen 
vierendeel hai~ weÇ.hs leopt,iek liever neem als ande,r,om de redenen die daer 
afirttvoJgende Merc;k verclaert Cullen wOrden) te weten den 10 Maerte,waife 
onderdcn 3591r. doen~edie booe~ 89tr. 2 (9: In binnen drie ma enden na 

, den 10 luniu5, dats totte1110 September ,alwaer de Son is cnderden 176tr. 
390 ,WOIt fukken booch bevonden \'an,88tr.'37 0 , weJcke niet even fijndc 
mette 89 tr. 20,fooel! was onder den·88 Ir. 2 CD het \'pfkpunt niet. 

Daerom,dit alfoo ondcrfocht op een' ander dàeh ,lek neem op den J $ I u
nius,alwaerde Son bevonden won onder den 92. u. 49 0, ickvinde debooeh 
op driemaendeo da~rtevoolen van U U'S3 0, en opdrie.maenden daerna 
van 88 tr. 46 0" welcke twee noch niet even ~ijnde, en de laetfie bcoch e1een .. 
der dan d' eerfie,ghelijck inde voorgaeride onderfoucking, ris teycken daImelI. 
noch voorder.in Iunius moet èommen : later oriderfoeht worden op den 19 
dach,alwier ick de Son virideondcr dé96 tr.3'9 0.en den,,{)ooeh op drie maen
den daer te voouan 88 tr'46 0,maerop drie maendedaçr na "an 88 tr.j I 0~ 
wcJcke twec nó'ehniet even fijnde.en de laetfic nu grooterdan d'eerfie.tis teye
ken dat ick te verre in luriius gecommen beD, cn deyfen moet: Daerom onder .. 
fouek il:k dergelijcke op de 16,alwaeI kk dc Son bevinde onder dé 93 tr. 46 0~ 
en dc boochop d'eerOedrie maenden van 88tr. $1 CD ,maerop de laetfiedrie 
van 88 tr'48 0 : Twelck noch niet effen eommende, iek verfoud dergelijcke 
op dé 17 vanlunius,en bevinde dan de Son inde 94 tI. 43 0, en d'eerfie booch 
opdliemaendcn vanS8 tr. 48 @,delaetaevan88t1. 500. ' 

Sulcx dat ick tOt hkr toe bevonden heb t'verftepunt te moeten wefen tuf
fehen den 93 tr.46 0,en den:94 tr'43 CD. Maerom nu nochnaerderteeom~ 
men,ick fie dat de laedle booch op den 16 van lunius te eleen bevonde wielt, 
cn op den 17te groot; t'wclck teyeken is, t'begheerde tufièhen beyden te moe· 
ten fehuylen,te weten op den J 6 Iuniusmet cenighe uyrem Dacrom dit onder. 
(ouekende eertl neem ick op den 161uniusmet noch uuyren , daerna met 
meeI,iek vinde mette 16 uylen de Sonte wefen onder den 94 U.24 0,cn d' eel
fte boóch op drie maendcn van 88 tI. 490, maer de laettle van 88 Il. 490 zo 
0, t'welck wey nich vcrfehilt , docb diet noch nauwe I begeerde,mocht met ge
deelten van uyren wereken, Dit foo fijnde,ick boude den bovefehreven 94 tI. 
2.4 CD voorde begheerde fchijnbaer duyfieraerlangde des veIftepunrs: Waer 
toc velgaert J 80 tI. comt VoOI begheerde fehijnbaeI duyfteraerlangdedcsnae
fiepunts 274 tI. 24 0. MeI~t dat Copernjçf14 dit veIne punt t'fijndertijt fiel. 
de onder den 96 tI. 40 0 :Oochdit comtaldus na t'inhoudt defeI dachtafels 
op die manier ghewlocbt. . . ' 

.Maer beneftèns de fel ve , foo iifer noch cen ander die tot proefvan d'eerae 
verfirecken can, weJcke ick ooek verclaten fal als volght : 

Hier vooren is gcfeyt de Son fehijnbaerlick evenfoo lang te loopen int een 
halfrOnl A G B, alsJn ( andcI B A, waer uyc voJght , dat aJfinen inde dadltafels 

C twee 
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on either side of A also give two arcs of the Sun's orbit whichare 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 si des 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 
(where 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, 
1 take rather than any other, for the reasons that will be set forth about it in 
the succeeding Note), to wit lOth Mareh, it was at 359°, that arc being 89°2'. 
And three months a,fter 10th June, i.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 monthsafterwards 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°46', 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, lexamine 
the same thing on 17th June, and then find the Sun at 94°43', ànd 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' 
94°43'. 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 hours. This being so, I take the above-mentioned 94°24' to be the 
required apparent eclipticallongitude 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 pI aces of the Sun which are 180° apart, 
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twee (chij nbaer Sonplaet(en ghevonden heeft 180 tr.· van malcander, fulcx dat 
de Son overdek halfront eveveel tijts gdoopen heeft, d'een diertwee plaetfen 
t'fehijnbaetvedlepuntd'ander t'fehijnbaer naefiepum te moeten welèn. Om 
deur fulckeweeh t'verfiepunt te vinden,iek vergaer 180 lr.lotten voorfehreven 
94 tr.24 0 des fehijnbaer verfiepunts,coml gelijek bo\'é gefeyt is 274 tr. 24 0 
voor fehiinbaer naefiepunt : lek fouck daer nainde daehtafds wannc:er 101 die 
plaels de fchijnbaerSon was,en bevinde int felve jaer 15S4in December dë 16 
daçh 8 uyr 160 : By aldië nu den tijt des Sonloops dier 180 tr. te weten vandé 

- 16 Iunius 16 uyr, totté löDee('mber 8 uyr 160, even waerandeSonloopdes 
ander halfronts : Of anders gefeyt dat den felven loop duerde den helft des jaers 
doende 1 82 daghen 14 uyren 58 0/00 foude d' eerfighevonden plaets des ver
ilepums de begheerde wefen: Maer vanden bovefchreven 16 Iunius 16 uyrtot
ten 16 December 8 uyr 16 0, fijn 182 daghen 16 uyr 160, t'welck alleene
lick 1 uyr 180 te veel fijnde,foo en ifi niet vene van daer. Doch om t'begeer
de naerder te commen,iek verfouck derghc:lijeke 101 een ander pJaets,nemende. 
t'verllepunt te fijn daer deSon fchijnbaerliek was op den 18Iunius, te weten 
inden !J 5 tr. 41 0 , en volghende dàer me de bovefchreven manie[ van we re
king, vin de o .... erden loop des halfronIso uyr 250 te lutte), fulcxdat.na defe 
wijfc t'\'crilepunt moetwefen tuifehen den 94 tr, 24 (9 ,enden 95 tr. 410: 
M aer om de faeek noeh naerdc:r te eommen , ick verlouek derghelijeke tot een 
plaets tu ifch en de twee voorfehreven , iek neem op den 17 daeh J 3. uyren van. 
Iunius,op wekken tij t ick indç daehtafels merck de Son geweeil te hebben on
der den 95 tI. 140, en ,'olghendedaer me debovefchreven maniervanwerc
king, vinde dc:n loop des haJfronts van 0 uyr ~ 0 tc clcen,t'wekk alsvoor even 
meughende genomen worden ,foo foude na defewijfe t'vc:r/.lepunt fijnondet 
den 95 tr.14 0, dat nu d'ander bevollden wielt onderdcn 94 tI. 24,0 die al
lçenelick verfehillen 500, wefende in defc:n gcvalle van clccndc:racht,en con. 
nende fpruyten uyt der dachtafeIs onvoJcommentheyr. 

VER VOL G H. 

G helijck hier de twee boghen clck van drie maenden loops evegroot vallen. 
alfoo moeten om de voorgaende redenen (dedachtafeIs wel lijnde) alle ander 
foodanighc twee boghen op evcn tijden gheIoopen ooek cvc:groot fijn, als by 
voorbeeltop I maent doende 3 I dagen voor en na den ]7 Iunius I5S4,wasde 
Son byeanseveverre vant verfiepunt , te weten over d'een fijde 29 tr. 37 <D. 
overd'andeU9 tr. 39 O. Endeop twee mac:nden van 61 daghen waife over 
d'een tijde 58 tr'.3 1 0,o\'erd'ander 58 trol 3 0. Angaende dit vc:rfchilké:n van 
~ 0,dat fpruyt openbaerlick uyt onvolcommenheytdertafeJs.MaertotandeI 
plaelfen can [ulck verfchil groot ghevondell worden: Als by voorbee1e op den 
14 September 15 H,was de Son onder den 180 tr. 36 0,en op 3 maenden daet 
levooren ,hadfc. 3 tr, 5 0 fchijn baerlick min gcloopen dan op 3 maenden dael 
na, want op den 14 Iunius,teweten daer te vooren 3 maenden doende 9~ da
ghen,waife onder den 91 tI. 51 CD : Maer92 daghen na den J4 September te 
weten op den 15 December waife onder den 273 tr. 20 : Deerile fchijnb;cr
loop doende 89 tr. 21 0, is als VOOIen 3 troS G) cleenderdan de tweede doen-
de.9z u. 26 0. ~ .. 

ME ReK T • 

. Hier bovCtl is ghefeyt , dat ick verdaren {oude de leden waerom het nemen 
destijtswaamedeSonecn vierendcelrontsvan t'vedlepunt coml, 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 Bh 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 first 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, lexamine 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, lexamine 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', 50 that, since the other wasfound 

. to be at 94°24', they differ only by 50', which in this case· is insignificant and 
may be due to the imper!ection of the ephemerides. 

SEQUEL. 

Just as here the two arcs, 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 af ter 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 af ter the said date) it was on the one 
si de 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°36', and 3 months before it had moved apparently 3°5' less 
than 3 months af ter, for on 14th June, to wit, 3 months - making 92 days -
before, it was at 91 °51' 1). But 92 days af ter 14th September, to wit, on 15th 
December, if 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 ofgIOSI', a value ofglOIS' has been used in tbe subsequent computations. 
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EltVARINGS DACHTAFELS. 

beOuyt·gheeft als :mdertijt waer me fy naerderofverder vartn·C'rfiepuntis:Om . 
nudaertoe tecommen ick fegh by voolbeelt aldus: Op den I:z. Maerte J 55 S, 
~as de Son onder den 0 tr ,45 ®, en drie maenden daer te vooren , te weten 90 
dagen (tis. welwaer dat d'alder meefie fekerheyt het recht vierendeel jaers foude 
fijn,doch t'vcornemé fal hkr me genouch conné verclaert wordë) had fe 3 tr, 
7 ® fchijnbaerlick meer gheloopen,dan Op.3 maenden daer na. Dit groot ver
fehil ons meer verfekerende dan deen dat den J 80 tr. 36 ® wijt vam fchijn
baerverfiepuntis, wort bemera deur de bore(chreven neming des üjts w'aer 
me de Son eenvierendeelronts loopt: Want foo \Vy ,by voorbeelt gefeyt,maer 

. ghenomen en ~adden 2. daghen voor en naden 14 September, wy fouden den. 
loop fukker twee boghen evegroot bevinden,elck van J tI. S 8 0,fondc:r ken. 
n isofwy :111t verftepuDt waren of niet. Maer dattet ncmen van twee C'ven tij .. ' 
den w~er me de SOI1 yerder dan cen vierendeelroDts vant verilepum comt,ooc 
achter liek fijn, wort daer deur verfiaen, datmen daer me comt tot twee cJeene 
~oochfkeDs niet wijt van t'naeflepunt, waer af de reden de felve is als va nt ver- . 
llepunt. . . 

. Noch is te weten,dat al hebben Wy hier boven ghefeyt van t'nemen des tijts 
waer mede Son een vierc:ndcclron!s vant verilejmntis, daer by verflaelmen 
fulcx niet alleene1iek tewefen het vierendeel jaers als boven ghenomcn wielt, 
maer alle tijden die de Son daer brengen,alseen of meer hede jaren inet noch' 
een vierendeel daer toe: Oock drie vierendcelen jaers alleen, of met een of et
telicke heele jaré daer toe;op alle we1cke de Son een vierendeelronts van t'ver~ 
fiepunt comt , uyrghenomcn Coo veel als t'verfiepunt daerentuffchen mocht 
ver100pen fijn, t'welck op weynich jaren van gheender acht en is, 

Noch fiaette ghedencken dart'ghene hier in dit merck gefeyt ~ de Sonloop 
angaende , derghelijcke oock plaets te houden met d' ander Dwaeldcrs daer int 
volghende af ghehandeltfal worden, wammen daer int foueken van hae; vcr· 
ftepunten. om de bovefchreven redenen oock de meefie fekerheyt heeft met
let nemen destijts wacrmeden Dwaelder een vierendeelronls vam verfie--
punt comt. . 

TB E S L V y. T. Wy hebben dan deur ervarings dachtafels ghevonden de 
fchijnbaer duyfieraerlangde vande SOl1wechs verfiepunt ennaefiepunr, na 

den eyfçh 

5 VOORStEL. 
. . . 

Deurervaringsdachtafe1s den loopvandeSonvvechs' * verftepunt te VUlden. Apo[,ettflll. 

EerLl gefocht hebben.de gelijck int.j. voorfiel defchijnÎJàer duy!teraerlang
de van des Sonweehs verfiepuDt, en die int jaer IS S4 bevonden inden 94 tr. 
'~4 0 ,îck fouck op de fel ve wij Ce waer die op eenich volghende jaer , ick neem 
J 594 gheweefi heeft, en be"indefe inden 97 tI. 53 (!) .. waer onder de Son be
vonden wiert op den 20 Iunius, want drie: maendeh daerte VOOren waffe on
derden 9 tr,en drie maenden daer na onder den 186 tr.46 ®, wiens twee bo. 
ghen even fijn doende,elck 88 tr. 5 3(!). Sulcx datvant jaert 554, tot 1594, ma
kendf40 jaren, fa is t'verfiepunt op dien tijt verloopé volgende defe dachtafeis 
en'VOOI t"begeerde 3 tr. 29 (!),want fo verre ifi vangen 94tr .24 CD tollen 97 tI • 
. H CD.En hier me wou bekent des verfiepumsloop op alle gheghcven tijt: Als 

. C a h)' vOOr_ 
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a quarter cirde 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 
af ter. That this large difference gives us greater certainty than the small one 
does, -about this longitude of 180°36' being faro away from the apparent apogee, 
is perceived from the above-mentioned ascertaining of the time in which the 
Sun moves through aquarter cirde. For if, for example, we had taken only 
2 days before and af ter !4th September, we should find the motion of tviro 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 cirde away from the apogee would also be less 
accurate, is understood from the fact that thus we get two sm all 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 cirde 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 who~e 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 cirde áway 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 cirde away from the apogee. 

CONCLUSION. We have thus found, by means of empirica! ephemerides, 
the apparent ecliptical longitude of the apogee and perigee of the Sun's orbit; 
as required. 

5th PROPOSITION. 

To find, by means of empirica! ephemerides, the motion of the apogee of the 
Sun's orbit. 

First having sought, as in the 4th proposition, the apparent ediptical longitude 
of the apogee of the Sun's orbit, and having ~ound it in the year 1554 at 94°24', 
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 af ter at 186°46', which two arcs 
are equal, since they are each 88°53'. Thus, according to these ephemerides, 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 yoorbedt om die te hebben op (en jaer,ick fegh 40 jaren gheven I tr.29 0. 
wal ecu jaer ~ comt.s ® 1 J 0. 
. Merckt dat int berekenen defer daçhtafcl~ beeft moeten ghcmifi fijn, doch 
het voorbedt can dienen om te betoonen de wij Ce hoeroen met beter ervarin~ . 
ghcu doen fal,maer om de faeck naerder te commen , men [oude d'cedlc erva
ring meughen nemen over vcellangher tijt geCchiet,als die P/olemeus bcfc~Iijft 
mt 4 hooftftuck fijns 3 bouo 463 jaren na t'overlijden vanden groolë Alexan
dlr alwaer hy feghl des Sonwechs verflepunt ghevonden te hebben ondcr des 
du;fieratrs 65 Il. 30 ® (en hoewel kk volghende tijn ghefielde vin de 65 tr. 
30 ® ,doch latet voorbeeltfche wijfe fijn foo hy [eght) Voor d'ander ervaring 
ghcnomen den bovefchreven 97 tr. H ® ghebeurt op den 20 lunius 1594. 
t'welck was 1918 jaren na \.Alexander ,foo heeft het verfiepunt van d'een tijt 
tot d'ander bedraghende ontrent J4.s.s jaren,ghdoopen 32 tr. 23 (9, want foo 
verre ift vanden 05 lt. 300 totten 97 tr. H ®: En alfmen hier me wil vinden 
den loop eens gheghevcn lijts,kk neem eens jacrs, menCeght J455 jaren ghe
ven 32 tr. 23 (D, wat J jaer? comt 1 ® 20 ®: En dit laelfie getal (in plaets vant 
cerfie S ® 13 0) fal ickghcbruyckenin voolbeeldendaer vandefenloopgc-
handelt wort. . . . 

. TB E SL V Y T. Wy hebben dan deitrervarlngsdac:htafels den loop vandc 
Sonwechs verfiepuDt ghevonden, na den eyfch~ . 

. 6 VOORSTEL. 

Deurervarings dachtafe1s de Sonnens loop in hacr 
vvech te vinden. . . 
Dë loop ,'ande Sonwcc!hs verficpunt wort op een jaer be-
. vonden dèur het s voorftc1 van .. J (!) io.@. 
Diegherrocken vande middelloop der Son ccck op 'een 

jaer, te weten een Egips doende deur het 3 voorficl 319 tr'4j (D. 
Blijft voor beghec:rdc: loop der Son Ü1 haer wech op een· 

Egips jaer 359 tr.430 40.0. 
Ende isopenbaer dat alfoo ghevonden fal worden den loop van alle voorgc:':' 
fielden tijt. . . 

TB E W Y s.- Angefien de Son op ce.n jaer inden duyfieraer fchijnbaerlick 
een keer doet, en dat daeren tUffchen haet wech Celf J ·0 200 geloop en heeft, 
foo nlottfe in haer wech die I ® 20.@ min gheJóopen hebben. 

TB ES L V Y T. Wy hebben dan deuren'arings dachtafels dcSonnensloop 
inhaerwecbghevonden,nadeneyfch. . 

7 VOORSTEL. 

Deur ervarings dachtafeIs de Sonvvèchs afvvijcking 
Átf"Atorc. vanden * evenaer te vinden. . . 

De Sonncns dagelickfche fchijnbaerduyfieraerbreeden ;c:n worden in dele 
dachtafels nevens haer fchijnbaer duyfieraerlangdenniet befçhreven , maer in 
fommige dachtafeIs deur gemeene reghel met een tafel gevonden: Doch byal
dienfer fionden, ghelijckk inware erv3rings dachlafels fijn (t'welckmcn lec:' 
tings hal ven fi,b ma,h inbeelden fQO te weren) men roude die gtootfie bree-

. . den 
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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 bet ter 
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 af ter the death of the great Alexander, where he 
says he has found the apogee of the Sun's orbit at 6S030' of the ecliptic (and 
though, following his supposition, I find 6S030', let it be as he says, by way of 
example 1)). When for the· Other experience the above-mentioned 97°S3' is 
taken, which happens on 20th June 1594, which was 1918 years af ter Alexander, 
the apogee has moved 32°23' from one time to the other - amounting to about 
14SS years - for this is the distance from 6S030' to 97°53'. Aàd if from this 
we wish to find the motion in a given time - for example, in one year - we 
say: 14SS years give 32°23'; what does 1 year give? It gives 1'20". And it is 
this latter value (instead of the first S'13") wruch 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 meansof empirical ephemerides, the Sun's motion 10 its orbit. 

The motion of the apogee of the Sun's orbit is found to be in 
one year, by the Sth proposition, 1'20" 

This being subtracted from the mean motion of the Sun, also 
in one year, to wit an Egyptian year, making by the 3rd proposition 3S9°45' 

There remains, for the cequired 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 tabie. 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 ofthe. passage in parentheses is not c1ear; there must be a c1erical error in 
it. The quotation refers to Syntaxis lIl, 4 (Manitius, I, p. 167). . 

I) Stevin's duysteraerbreeden (eclipticallatitudes) is an error for euenaerbreeden. 
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den.}aerlicx twecmaeh'inden,d'ceoe ontrent den J 2. van hlflius na t'Noorden, 
d'andcr ontreO[ Jen 11:\ van Dccember na t'Zuyden, en dat in dcfc dachtafeIs 

, ,,'olgher;dc CCptTIJic,/4. fielling van 2.3 tr. i8 0. En darmen hier op'n.och vorder 
!cne,men foude merckelT fulcx altijts te gebeuren wefende de Son fchijn baer
lick 90 tr. vanden Lemlne, ~áer uytmen bdlilyt de Sonweehs aflVijeking te 
wdèn vande felve 23 tr.28 0, om dat,fukke br.-:etheyts bop::h gheuoeken op 
delanekheYls booch doende een vierendcèlronts, ,'oor grootheyt haers tegen· 
overhoucx vcrfireekr , als blijckt inden han'del der cloótlèhc driehoueken. 

TB E SL V Y T. Wy he bben dan deur erv:uings dachtafeIs de Sonwechs af. 
wijeking van den evenaer ghevonden,na den cYfch. ' 

8 VOORSTEL. 

Deur ervarin gsdach ca fels te maké berekende * dach- Efb,~,"ri. 
tafels ~es So~loops van toecornIjlende tijden. des. 

Alfmen in St4dimdachrafels (diewy om de bovefchieven rcdené hier hou
den al cffe deur ervaringhen ghevonden waren) liel na t'ghelijek vervolgh der 
fehijnbaer Sonplaelfen vand'een tijt byd'anderverlekë, (Jmdeurdc Sonplaet
fen des \'oorleden tijIs, te oordeelC:n vande Sonplaetfen des loccommenden, 
men merckt dat men overal van vier tot vier jaren,de Son op ghcli jcke daghen 
bycans onder een felvç duyfteraerlangdc: vint. Als by voorbeclt hu ;aen.5 54 
den Ivan lanuarius was de Sononder den 290 tr.36 0.En\'ier jaerdaer na,te 
weten den l1anuarills 15.s 8 onder den 290 tr. 37 ®. VOOrt inde jaren J ~61, 

1566,1570, 1 )74,1578, tdeken op den I laDuariuswiertfebevonden onder 
dé :t90tr~ 37®,29otr. 36®1290tI~ 37 ®~2.9otr. 37 ®~'290 tI. 38 ®.cnal~ 
foo met ander dierghelijeke; , , ' 

Hier uyt maehmcn bc:Ouyten, dat by aldiende dachtafels niet voorder gage:
:Oagen'waren dan neem iek totté 1 van lanuarius J .578, en dalmë nadién voor
leden tijt wilde maken dachtafds van toeeommenden tijtjmé foude de 4 vol
ghende jaren meughen maken met (ukken voortganek , als de vier voorgaen
de,feggende de Son op den 2. van lanuariusintlaer i574 tdullen fijn, tot fulc. 
ken fchijnbaer plaetsalffe was den 2 lanuarlus im jàei: 1570 ~ te \veten onder 
den291 tr. 380: Maer opdë 31anuariusonder den 292 tr'4oQ),en fo voon, 
welckedachtafelfehe wijfc opgeteyckent, men erijcht berekei1de dachtafeIs des 
Sonloops van roeeommendetijdcn;na t'begheerde. 

I MER C K. 

By aldien de lancheyt des natuerlic jaers effen Wàet v!i 365 dagE 6 uyren, gc:. 
lij ek hc:i luliac:ns jacr inhout, <4e,I en foude gantfchelick geen ,'erandering val
len van 4- tOt 4 jaren: Maert'wien in defe dachtafc:ls deur het 2. voorfiel bevon. 
den alleenelick van 365 dagen j.uyren 450 SS 0,daerom gebr~caerallejare 
140 ..s ® van een uyr; op Welcke 'dc SonloopbedraeÇht nagenouch 35 ® .die ' 
doen te vier jaren 2 Q) 20 (9,en fo veel foudc:men na die rekening alle vier .jat ~ 
tÇ>t yder dach der voorgaende moeten toedoen. Maer de: langde des jaers geno
mënaPloltmtU4rckeningop 365 dagen 1+0 480, waei:antotte 35 ó fdagt: 
alleeneliek gebreken 12.0 ecns daechs, op \vekke de Sonloop bedraeeht nage
Douch ooek u' 0,die dóen te viel: jaren 48 0 ~ en fo veel foudiné na Ptoltmtll4 
tekeningedes jaers1alle vier jaren tOt yder dach dei voorgaende inoel é tOedoE. 

, , , C 3 :Z MEl\.CK 
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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 PROPOSITIüN. 

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, fo! example, 
in the year 1554, the Ist 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 Ist January, it was found at 290°37', 
290°36', 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 procedure 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 ca1culated 
ephemerides of the Sun's motion in future times; as required. 

lstNOTE. 

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 555; 
therefore every year the hour is short of 14m Ss, in which the Sun's motion 
amounts to almost 35", which makes in four years 2'20", and this amount according 
to this caIculation we should have to add every four years on every day to 
the preceding value (of the Sun' 5 longitude). But if the length of the year 
were taken according to Ptolemy's calculation to be 365;14,48 1), where in 

365 ;4 days a day is short of only 12. X 36
t
OO 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 Ptolemy' s calculation of the year have to be added every four 
years to the longitudes of the preceding years. 

1) Ptolemy here uses sexagesimals ofa day: 0;0,12 
12 

3600 = 4 m 48s. 
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2' MER C K. 

Merckt wijder datmen hiediet de oirCaeck van t'verloop des tijts, te wetcn 
waerom den I Maerte die nu int voorjaercomt , met lanchcyt van tijt inde fo. 
mer loude vallen, daer na inden Herbfi,en Co voorts, ten waet" dat fomwijlcn 
voorcommcn wierde met af(oning van daghe'n ghelijck int jaer i 5 Sz met 10 

dag,hen ghedaen is, want volgende de rekening der lanckheyt des jaers van PIO

umem , fco beloopet op de 3 co jaren een dach,t'welck na de rekening des jms 
van anderen meer bedraecht. ' , 

3 MER C K. 

Soo yCqlant de dachtafe1s \'a11 StadiUJ, voorder onderfocht op de voet als bo. 
yen,hyloude faute bevinden: lact by voorbcc1t hier ghenomen worden al de 
SOl1plaetlèn op den 1 Iauuarills van", tot 4 iaren,als hier na volght : 

1554-' 290 tr. 36 Q) 
1558. 290 t,r. 37 Q) 
1562. 290 tr. '37 Q) 
1566. 290 tr. 36 Q) 
1570.290 tt. 37 'Cf) 
1574, 290 Ir. 37 Q) 
1578. 290 tr. ' 38 Q) 
1582. 2,90 tr, 39 0 
IjS';. 290 tr. 39 @ 
1590. 290 tr. 40 @) 
1594, 290tr• 40 Q) 
1598. 291 tr. 31 (!) 
J602. 291 tr. 32 (9 
1606. 291 tr. 7 0 

Alwaermen een tamelick vervaJgh fiet totopt jaer 1594- (doch niet ghenouch 
verrüeerderende) maer van daer vOOrt opt jaer 1598, is by de jl 0onbehoor. 
lick verfchil,en by de 250 vaot jaer1602 tOt 1606.Doch ten is gheen fe)'l ind\! 
bovefchreven ghemeenheyt deueghel, maer openbaerlick deur miCrekenil1g 
of milärucking. ' , ' 

TB E S L V Y T. Wy hebben dan deur ervarings dachtafeIs ghemaeckt bere· 
kende dachtafdsdes Sonloops van toecommende tijden"naden cyfch. 

Tot hier toe is bclèhreven mijn \'oorghenomen anvang vande kennis des 
Sonloops diemen deurervarings dachtafeIs crijcht, op welcke men als geJeydc 
grom nu voorder met wifconfiighe fioffoude meughen handelen,maer iek {àl 
cedt verclaren dergheJijcken al1\'ang deur ervarings dathtafels van d'ander 
Dwaclders, en daer na het ~ bOlJck befchrijven vande wifconfijgh~n handel 
der Dwaddcrs int ghemcen1 voJghende t'voornemen verhaclt int COIlbcgrijp 
des Hemdloops. 

TWEE. 
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2nd NOTE. 

Note further that we here see the cause of the shifting of time, to wit, why 
the lst 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 Ptolemy 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 lst 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 291 °32' 
1578 290°38' 1606 291° 7' 

In the above we see a fair sequence up t~· 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 Baak, on the finding of the Moon's motion 
by means of emPirica! ephemerides, has not been reproducedJ 



- 84 -

54 
DERDE 

o N DER S C HE Y T 
DES EERSTEN 

BOVCX,VANDE VIN. 
ding van Sarumusloop deur 
. ervadngs dachtafds~ 

I5·VOORSTEL. 

Te vetdaren hoemen deur ervarings dachtafeIs uye: 
den rouvven mcrckt den tijt v~n Saturnus omloop:Met
te ghedaente van fijn deyfing en ftilfiant: Oock dat hy in 
een inrontdrayt. . .. 
. Tvoorncmen lijnde t'ondcrfouckendt'l;hcdQentc;van Saturnusloopdcw: 

Clvarings dachtafels (in w.iens plaels wy de berckende van Sllldill4 gebruyckcD, 
cm de redcnë verclaen int I voorficl) lek let op de delm: pilaer hem angaencic. 
,Ghenomen dan dat my tcn eerLl,en \'QOtValtd~n 11.anuarius vant jacrJ H4,Op 
welcken dach iek hem vlndeonderdcD 34111:.170: Opeen jaerdacr na. te 
Weten den J Ianuarius IS S S ~ vindc hem ghewecft te hebben onder den 3 S 3 U. 
j 3 0 , t'welck op dat joer 11 tr. 260 ghcvoordert is •. En fghelijcic vinde idc 
hemden 1 IQnuariusoptvolghendejaer lS,S6ghevoordeltle fijn~och 11 u
S 10. En foo \'oongacnde tot op' jacu,S84,be,'inde hem dan opdell I lanua· 
IÏus weerom gecomé tewefen wat over de placls daer hy int jaeII 554 begoft, 
te weten onder den 347 tr.S4 0, hebbende ovcrdien keer ghedaen by de der .. 
tich jaren. En fgclijcx onderfoudtende tot ander plaetfen,be:vinde hem overal 
ontrent de 30 jaren een keer te doen. ' 

Dacr navoorder acht nemende ,op de ghc:daente fijns loops in yder jacr, id:: 
bevinde hem d'c:cnmael te verraflèhë, d'andermad Ie verllappen, ;a fOnlwijlen 
llil te fiaen,en dat noch meer is ettclickcmad te deyfcn.Enop de faecknauwer 
lellende, men bevint het middel dic~ deyfwgen altijt te gebeuren wefendeSa. 
turnus omrcnt tc:ghefiant der Son,eri hoe hy de Son naelder comt.hoe hy mee 
voonganck meer verfnelt. Om hier afby voorbeelt te fpreken , in t ;aer I S 69 
int begin van Iunius,fieunen hemdaghelicx I ® loopë, daer na dagelicx ~ CD, 
daer na noch meel. tottet begin väScptember,loopendedacrdagelicx 8 0,eo 
daer ontlent ten fne:lfie geweeft hebbende:) begint int laetfte dcsfelven maêts 
weerom te veftragen dagclicx meer en mecr,ja fulex dat hy eintlick vanden 18 
tOttë24 lanuarius 1's70 fiiIle'fiaetondcr den lOl tI.20 0.Indaer na begint hy 
redeyfen, ,'wek eygcntlick anvangendc opdé 21 lanualius,ducrttotlen IJ Iu
nius1 VClvaJlghende 141 dagen,diens helft wefende 70 dagen, foo vah het mid-

, dclop 
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THIRD CHAPTER 

OF THE FIRST BOOK 

of the Finding of Saturn's Motion 

by Means of Empirical Ephemerides 

15th PROPOSITION. 

79 

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 lst proposition), 1 note the third column 
relating thereto. Let us therefore assume that I chance first upon lst January of 
the year 1554, on which day I find it at 342°27'. One year later, to wit on lst 
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 lst 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 lst 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, 1 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 nearly 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 l' daily, thereafter 2' daily, 
thereafter even more, up to t~e 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 from18th 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 faUs on lst April, and not long from that date, to wit, on 30th 
March, only 2 days before, Saturn and the Sun were in opposition, so that, 
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de10pden I April,en niet feer verre van dacr, tewetë den .~o Maene, alleent
lick 1 dagen daerte voorE, wa ft tegefiantvan SalUIDusen de Son. Sulcxdat ge· 
lijd: ghefey! is, het middel der deyGng gebeurt alt ij t wefende Sailitnus ontrent 
teghefiam der Son. :Maer hoe hy ~e Son naerder oomt, hoe hy meer verfnelt, 
inder voughen datde fnelfie loop altij! ghebeuItontrcnt faming,alsinde bove-'
fchreven fnclfteloop van Septcmber,daer was hy in raming (genomen dal men 
heUl deur .ervaring hadde eonnen fien) op den 25 der felvcr maem. Men fiet 
ooek da t vap yder teghefianttotteghe !lam, van· faro in g tOt faming ,van' begin 
derdeyfing lot begin derdeyfing,is over al een jat't met onrrel1l noch een halve 
maent: Als vande leghefiant op den 17 Maerte 1569, totten eerflvoJgenden te
g~eftant gbebeurcnde op den 30 Maerte 1570, is een jaer met ontrent een hal. 
ve maè:nt, op wekken tijtovèral een deyfingghefchier ,gedllercnde als vooren 
ontrentde I4pdaghen;teweten tweeofdriedaghenmeerofmin: Wiensghe-
daeDte wy deur de dachtafeIs ~erclaren wilden. . 

Dh bovefchreven gheeft'vcrmoeden Saturnus in gheen weeh te loepen als 
de Son,waer uyt foodanighedeyfingniet volghenen can, maerin cen inront: 
Sl11cx dat hy omrent tcghe!lant der Sonaltijt is an des felven intonts naefte-

. pum,alwaer hy om fijn loop int inront meet achtcrwaei:tgaende,dan hem den 
Joop vam middelpunt des inronts inden inront\vech voorwaert brengt. foo 
wort daer uyt de dcyfing veroirfacckt, Maer ontrent raming mctte Son ant 
verficpunt wefende, fal datr foo veel raifcher moeten löopen dan des imoms 
middelpuDt,aJs lijn voorwaert loopingint inront veroirfaedr. 

Saturnus·dan om fulcke oirfaken d'eenrolle! \'oorwaend'andcr achterwaert 
loopende,daer volght uyt datter by foodanige verandering een tijt \'an fiilfiánt 
moel wefen :En w(erom \'erk.een ghefeyt,nadienmen defe voorrJooping, rul-
1lam, cn dcyfing fiet, [00 mClcktDlCncfcirfaeck waerom darter ecn inrontge
feyt wort. T 11 E S L V Y T. Wy hebben dan vercIaert hoemendeur crvarings 
dachtaféls uyt den rouwen mcrckt den tijt \'an Saturnus omloop, meue ghe
dacmc. van fijn de1fins m Ailftant: Ood: dat hy in eCn inront drae~t. na den' 
~~. . . . 

uS VOORSTEL. 

. Te veretarenhoemen deur etvaringsdachtafelsmerét 
. SatUrnus inronts vvech uytmidd~lpuntich tevvefen. 

. Dy ~ldicri Saturnus inlonts \Vech iniddelpuiltich waer , dact uyt roude vol
ghen dat hy op alle .tw(e even tijden, c:f'ecn voor ontrent fijn tegefiant der Son, 
d'ander daer na, evegroote [chijnbaer bOgen moeft Joopen, dalteghen d'erva. 
ring firij t. O~ t'wel!=k deur ccn form te vercIaren ,Jact hetroDt ABC Satur
llusinronl5weeh betcyckenëwacn meugclick middelpuntich lijnde, te weten 
foo dat fijn middelpunt 1> des Eeertcloots middelpunt is, daer ria fy op A als 
middelpunt befchreven het inront E F, diens vcrfiepunt E. en naeftepunt Ft 
veorr op D als middelpunt den duyfieraerG H,en G fijnJchijnbaer verftepunt 
van E, Daet na fijn ghetcyckent de twee punten I, K. inden iorontwech cve. 
wijt van A, en de twee punten van L, M. int inrent cvcwijt van. F, voon fY 
van D deur L tot indenduyfteraer gheuoeken de lini D L N • fgheJijcx van D 
deur M tot indell duyfteraer de liJ;li l:> M O • .Dit foowefCllde; iek fal hiermc 
,'voornemen vc:rclarcn. 

E.. Het 
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as has been said, the middle of the retrogradation always occurs when Saturn 
is riearly 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 ocqus nearly at conjunction; 
thus, in the above-mentioned ·fastest motiön 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 Stin, it will have to move so much Jaster there. than 
the epicycle's centre as is caused by itsprogresson the epicycle. 

Since from these eaus es 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 
af ter 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 'isthe centre of the Earth. Thereafter let there be described about 
A as centre the epicycle EP, whose apogee is E and perigee P; further about 
D as centre the ecliptic GH, and G the 1) apparent apogee of E. Thereafter let 
there be marked the two poi!lts I, K, on the deferent at equal distances from A, 
and the two points L, M, on the epicycle at equal distances from P. 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 se~ forth my intention. 

1) For .ryn in the Dutch text read het. 
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Het inronts mi~ 
Cl del punt eerftgewccft 

hebbende an l,en al~ 
dan Saturnus aD M. 
en fchijnbaedick an 
Ó J foo fy het inronts 
middelpunt daer Da 

gccommen van I tot 
A ,en op den fclvcll 
tijt Saturnus van M 
tot F ant nacftepunr., 
alwaer hy dan om de 
voorgaende redenen 
fijn fal in. tegheftant 
der Son : Daer na f1 
gheleden een andet 
tijt even mette voor
gaende,en fal daeren .. 
. tufièhen hei inronts 
middelpunt moeten 
gecommen l fijn van 

. A tot K ,een booch 
. cven aD AI,enSatutnusvan P totL,een booch tvtnanF M,en N fal dan Sa

turnusfchijnbáerplactswefen, foo verre van G, aIS o van G,omdee\'enhcyt 
der houcken GD O. G D N:Sulcx dat ghdijckwy veldareD wildcD,byaldien 
Saturnus hlrOnlS wech middelpuiltich waer,ills dtft,dacr uyt foude ,'algen dat 
hy op alle twee even tijdetl,d'ecn VtlOr lijn tcghdlant der Son, d'ander daer Dal 

cvegrootc fchijn baer bóghen modi loopen, Maer dilt {\rijt leghen d' ervaring, 
dacrom den iûtoDnveèh is voor uytmiddcJpuiltich ~ houden: Teghcn d·crva. 
lingh te ftrijden wort aldus betoont: Laet ons t~t VOOlbcelt nemen eenighc 
tegheftantalsdie gebeurt is int jaer Ij69 den 11 Maerte, wefende Saturnus on
der den 186 tr. 29 0:Maerop ccnighentijt daer te vooren, ick neem 1 jaren,tc 
weten den 11 Maertcintjaer lj6Z,washyonderden 88 tr. J40,tulfchëweJc
keeen booch is van 98 tI. Ij 0:Maer7 jarendac:r na.tewelen opdé 17 Maer
te l'76.washy ondcrdcn-:'71 tr.44 0. waerop denbooch (tc· weten vandcll 
lS6tr. 290 af)doct 8S tr.lf®, die J3 tr. verfchilt vande eerlle booch 98 tr. 
H CD. TB Eo 5 L VY T, Wyhebbendan verclaen hoemëdeurervaringsdach. 
tafels meEdt Saturnus inrontswe.ch u)'tmidde1punüch te wefen,na den.eyfch. 

11V OOR ST E L. 

Deur ervarings -dachtafels te vinden de fchijnbaer 
~;.. * duyfterac:r1angde van Saturnus inrontvvechs verfie-
_~oJi«,. punt,ennadlepunt. . 

. Deur het 16 voor{\d beili.erd:t fijnde dat den inrontwech middeJpuntich 
is, daer relledoeh vootderte foucken fijn vetllepuDls fchi;nooer duyfieraer. 
langde:Tot deren einde heeftmen verdöcht • dat gebeurende een tegellant van 
Saturnus co dc Son, ~ls des inronlS middeJpumisin fijn wechs verfiepunt of 

nadle. 
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The epicycle's centre first having been in I, and then Satuen in M, and 
apparently in 0, let the epicycle's centre thereafter have come from I to A, 
and in the same time Satuen 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 Satuen from F to 
L, an arc equal to FM, and N must then be Satuen's apparent position, as far 
from G as 0 from G, because of the equality of the angles GDO, GDNj 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 Satuen' s deferent . 

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

1) For middelpuntich in the Dutch text read uytmiddelpuntich. 
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E II TA lU N GSD A (! H TAF ELS. 
Ilaencpunt ,dat hy dan op alle twee eventijdcn, d'cenevooi' lijn teghetlanr, 
d'ander daer na, evegroote fchijnbáer boghen moet loepen: En wccrom ver
keeIt;alfmen inde ervarings dachtafds ecn tcghdl:ant fula: vim, dalhy op alle 
twee even tijden,d'ccne voor die tcgheftam , d'ander daer na,cvcgroole bogen 
Joopt,dat des inroots middelpunt in die tcgefiant an fijn wechs vcrftepunt or 
Jlaeftepunt mQ(t wefen, waer me de fehijn baer duyfteracrlan gde dcs (el vi: veI-
llepuntsofnaeftepuntsbckent is. . 

Maer om van t'gene tOt hier toegefcyt is brceder vercJaring te docn,foolaet 
cJe volghcnde form ghelijck fij n mct dic dcs J S voorfiels,en de letters vande fcl • 

. vebetcyckening, uytghenomen datdefe wech ABC uytmiddelpuntich is, tc: 
weten ~at des l:ertcloots middel puilt 0, nu niet en fy des inrontwechs mid
dclpunt,maerP:EndesinrontsmidddpuntA isan fijn wcchsverficpunt,we. 
fende Saturnus an des inronts naefiepunt Fin teghefiam der Son, Dit foo lijn
de, iek fie de twce fchijnbaerlcopcn G N, G 0, op cven tijden noch c\'egroot 
te moeten wefen,cm de eycnheyt der twee houcké G D N, G DO, veroirfaelt 
deur de evenheyt vanF L met Jo M. Oock mcde dat dcrghelijckc ghebcurcn 
moer, wefcnde dcs in roOts middelpunt met fulcke gedacnte an fijn wccbs nae. 
llepunt ghcteyckenr met Q:... 

,Mcrckt noch dat hier vooren gefeyt is, Saturnus altijtant intonts nae{\cpunt 
te wekn onuendijn tcgefiant del Son: MaeI om hier nu eygcOtliekerte fpre-

ken, too is te wcté dát 
hy an fijn inrondts· 
nacfiepunt niet heel 
volcommelick en is 
danin tcghefiant we
rende des imol1tsmid. 
delpunt niet alleenc
Iic an fijn wechs nae
ftepunt, maer boven 
dien noch de Son in 
haeE wechs vcrftc
punt of naenepunt~ 
want nadienfe inden 
duyfteraer fehi j nbacr
lick oneventlic loopt. 
en Saturnus in fijn in
ront eenvaerdich, fao 
cn can hyop alle lege
ftantder Son nietant 
inroots naefiepunt 
wefen, macr wel in al-

H Je tcgheftant der mie! •. 
dc1fon.die dèur de be

pllng ccllpatich loopt: Fn c!acrom fullen \Vy hiel na om eygh~ntlj~kerte fpre-
1en,hem fegghell ahij t ant naeftepunt ofverfiepunt te weten, IJl fiJn tcgefiant 
of'famingdcr middelfon. . 

Ditfooûjndc en om nutecomrrten tottet fóudcenderfchijnbaerduyfie
zacrlangde van S;IUII1lJS intOl'llwechs veilleFlJnt of nacficFllDt, t'is. kcllnelick 
dcurde voorgaende redenen dat ick inde enarillgs dachrafels W1 fijnder tege
flaAden der miQddfon fgo~nidl moet vindcn,dat hy op alle twee even tijden, 

à'een 
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epicyc1e'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 epicyc1e' s centre at that 
opposition must be at the apogee or perigee of its deferent, with which the apparent 
eclipticallongitude 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 epicyc1e'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 epicyc1e'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 epicyc1e'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 
ec1iptic it moves apparently non-uniformly, and Saturn on its epicyc1e uniformly, 
it cannot át 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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f8 SATVR.NVSLOOPS VINDINCDEVR , 
d' een dact, voor d'ander daerna,cvegroote {chijnbaer bog~en)oopt. Om die te 
fouckcn, ick flae het bouckopen,en valt my ten eerfié voor, neem ick; het jaet. 
1669, waer in ick fijn tegeftant der Son bevindegefchiet te fijn op 4en 1'7 Miler"! 
te,weferideSalurnusonder den 1 86tr;.290 (t'is waerdatmcn in plaets, der 
ware Son foude behoore,n de middclfón te nemen , volghende de vOQr~ndc: 
ledenen, maer t'is tijts genouchdaer me te wercken int laetfte, alfroen,iktdat
men deur neming der ware Son ria ghen,oueh by t'begheerde con1t) Hier,me 
verfouck kk hoe de bovefch revé tWee bogen op eventijden(tot wekke tijden 
lek om de redenen vant Jru:'rek des 4 vQOIficls, velkie5 7jaer,wefendebyna het 
vierendeel eens,kc:ers duerende ontrent 30 jaren deur, het 14 vood\eJ) d'ten 
voor,d'ander na teghefiant,met malcanderovercommen. ,enbevjnde'han op 
, jaren daer teVOOlen (dats vanden 17 Maerfe, 1562 Qnder den,88 tr. 140, 
tottenl' MaeIte lS690nder den 186,tr • .29 0) ghelOÓp~ll;tehebben,9.8,tr. 
15 CD: MaeI op 7 jaren daeI na (dats vanden 17MaerteI 5()9 onder den 18iS.tr. 
29 ® totten 17 Maerte 1576 onder den 171tr. 440) vindeick hcmgcloopen 
te hebbé alleeneliek 85 tr. 15 ®, (wekk,veel veIfchillendevande eerfic:hooch 
98 tr. 15 ® ,te weten Il tI. foo is rfchijnbaer verfie of naefiepunt wijt \'ande 
bovefchreven 186tr.29 0,oockvan fijn teghepuntden 6U. 29 0: Doch een 
van beyden en canten hoochUen maer 90 tI. van daer fijn,daerom falmen der!' 
ghelijcke tu(fchen fulcke bekende palennie .. ughen.onderfoucken op de teghe. 
fianden vande volghende of v()orgaende jaren, voor of na het jaer 15 69:1:n ge. 
(ommen fijnde, neem ick ,opt ja.er 1571., fie aldaeIteghefiant te ghefchicnop 
den 23 April, wefende Saturnus onder den 21.2 11. '10 , alwaer de rekening 
gemaeckt als boven op 7 jaenooren n~;vinde cintlkk noch verfchildcrlwee 
boghe~van 9 tr.42, (9 : Daerom onderfouck ick der ghelijcke tot cen andel ' 

, plaets,tc: welen meer voorwaert, om dat d'eerfie booch te groot was ,als by de 
tegeftam dieder gebeurdeint jaer 1576 op délo I unius onder dé z 6 8 tr.20 (9, 
alwaer de rekening gcmaeckt als bo,'en, op 7 jaer voor cn na, vinde eintlick ge
nonchfaemevenheyt,te weié alleenclic verfchil va 4 0, hier van cleëder acht. 

Dit aldusfoó na commende mette tcghefiant der eyghen Son, ick fQucknll 
waer op dientijt de middelfon was,om op baer tegheftant nauwer Iekeningtc 
maken:Neem tot dien einde de Sonwechs v.erficpunt na) uyt des 4 voorftds, 
te wefen onder den 94 tr. 24 ®,alwaerdc fchi;nbaer Son en de middelfon deur 
de: 16bepalingt'famen rommende ,en dat op den 16 Iunius,fy crijgen foo veel 
verfchil als in 6 daghen loops vanden la totten 16 Iunius veroirfaeckr wort. 
welck verfehil iek aldus vinde: De fehijnbaeI Son heefl inde dachlafels'op de 
6 daghen gheloopen Sir. 44 0 ,maer de' midddfon deur het 3 voorfiel.s tI. 'j @,diealleenelick II <9 verfchillende, en bier van'gheender aeht fijnde,'Ïck 
later by de voorgaende rekening blijven. Diet nauwer begheerde ,foude defc 
11 0 treeken vande Sonnens fchijnbaerduyfteraerlangde 88 tr. 200, welcke 
fy hadde op den 10Iunius/ghenedatterblijfl,teweten 88 tr.9 0.is voorplaers 
der middelfoh, om ,daer op te berekenen Saturnus leghefiant ~e wat vrougher 
valt als vande ware Son,en om voort de rekeninghen te maken als boven. 

Van defe fehijnbaer duyfieraerlangde des vcrfiepums ofnaefiepunls, mach 
voorder proufghedae,n worden op ander even tijden dàn7 jaren: Als by voor
heelt,op 10 jaren voorèn na'den 10 1u111u5 I .s76, vindeick verfchilalleencliclc 
van 5 0 : Enop 20 jarenallcencliek van 30. waer uytick den bovcfchre\'en 
268 tr. 20 0 houde voor t'begeerde. ' 

Tot hier toegnevonden fijnde onder den 168 tr.lO cr> het verfte ofnaefic .. ' 
pUnt te wefen,~er reft n<lC.b te foucken w;ltclck van beyden is:Om daer toe te 

com-
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af ter it, it moves through equal apparent arcs. In order to find that, lopen the 
book and I chance first, for 'example, upon the year 1569, where I Eind its 
opposition to the Sun to have occurred on 17th Mareh, when Satuen 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 lexamine 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 af ter 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') I 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 af ter the year 1569. And when I have 
come, for example, to the year 1572, I see that opposition then occurred on 23rd 
April, when Satuen was at 222°51'; if I there make the calculation as above, 
for 7 years before and af ter, I at last still find the difference between the two 
arcs to be 9°42'. Therefore lexamine 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 af ter, 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 there 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 folIows: 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 Satuen's opposition, which falIs 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 af ter 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 
dearer exposition thereof let ABC' be Satuen' s deferent, its centre D, eccentric 
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ERVAaINCS DACHTAFELS. 59 
commen, laettot opentlickerverclaring van dië ABC Saturnus inrontswech 
'jD~ diens middelpunt D,uYlmiddclpuntichpum, ofden Eertcloot E, verfte-

A 
punt A, nae
ftepunt C,en 
opBalsmid. 
del punt Cy be 
fchreven het 
inront F G. 
diens naeGc
pUnt F, en 
middelnac
fiepunt G. 
Dit foo we
fende, t'blijll: 
dat deur dien 
A het veiGe. 
punt is, 100 
moetdëmid. 
dclloop A D 
B int eerfie 
halfrontAB 
C overal gro
ter fijn dan c 

. dë fchijriba • 
. ren A E B. En deuu'verkeerdc van dien isopeJ;lbaCI, dat als des inroots mid. 
delpuntsloop ofSalurnus middelloop , cp een geficldcn tijt int eerfie halflont 
grooter bevonden wort dan de fchijnbaer, foo moetet punt van daer de telling 
begint het vcrncpunt wefen,maer t'verkeerde ghe,beuIendc,alfdan het naeftc. 
pUnt. Dit foo fijnde,ick fouck indedachtafelseenighetC'gefiant vetre genouen 
van AofC, dats vene ghenoueh vanden 268 Ir. zo CD ofhaeI tcgenoverpunt, 
cn comt my te \'ooren,neem ick,de tegfftantgebeurtintjaer Ij84den I.s Sep
lember,wefende Salurnllsonderden 21I. 44 (9 ,op welcke fijn inronts mid. 
deJpunts fchijnbaerloop vanden 2.68 Ir. 200 af, doel 94 Ir. 2.4 Q) voor den 
houck A EB: Maer desCclven inronts middel punts eyghenloop op dien lijt,IC 
Weten vandë 10 Iunius 1576 tOt defen 15 September IS 84,geduerende 8 Egip-. 
fehe jaren 99 daghen,doet deur hètvolghende 17 voorfiellol tI.6 CD vooi: den. 
houcLt A DB, wekke grooter lijnde dan A EB 94 tr. 24 CD ,fao moet om de 
voorgaende redenen Adats cnder desduyfteraers 268 tr. zo(!) het vedl:epunt 
fijn ,en Conderdesduyfieraers 88 ir. 20 CD het naefiepunt. 

Angaèllde ymant nu mocht fegghen dat de rechte lini die ten tijde der tege:
{lant firetle vanden Eertcloot E deur Saturnus F, niet nootfakelick des i nroll ts 
m~ddelpunt B en ontmocl,om bekende oirfaken·, te weten de uyttUiddelpun
licheden van den inronts wech en Sonwech, over Cula twijffe1ende oft'bove· 
(ehreven beilu yt "aft gaet : Hier op wort geantwoort, datmen daeuf volcom-, 
men fckerheyt cail hebben in deCer voughcn: 'I'ghetal des inromboOlihs tuf
fchen Saturnus en l'middeJnaeficpunt, even bC\'ondé fijnde mette naeftcpun. 
lensbooch dieder tC11 tijde der teghefiant behoolt tewefen, {oo moet Saturnus 
dan openbaerJick aot naeftepum wefen. . 
Cm t'wckk t' onderfouekcn, ick treek den bovefchrevcn houck 

AD.B 101 tr. ti ® VaD l!On. blijft den bou,k ED B 78tr• S4®· 
Endl:l1 
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point, or the Earth E, apogee A, perigee C, and about B as centre let there 
be described the epicyc1e 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
circ1e ABC must always be larger than the apparent motion AEB. And conversely 
it is evident that if the motion of the epicyc1e's centre or Saturn's mean motion 
is found to be greater than the apparent motion in a given time in the first 
semi-circ1e, 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 A or 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 epicyc1e'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 years 
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 ec1iptic, 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 eonclusion is quite 
certain, to this it is replied that we ean 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. 
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60 SATVllNVSLOOP.$ VINDtNC DEV II 
En den houck A EB datsoock DE B doctals vooren 9+ lt. 2+ CD. 
Defe twee houcken E DB, D EB, des driehoucx E DB. bedra. 

shen ,'(amen 173 tr. 18 ®, wclckc ghetrockén van I8otI. 
blijft voor den hocck D BE, t'wclck oock is voor de naefie-
puntensbooch FG " (Str. 4~ <D. 

Nu fegh ickdat byaldien de inrontsbooch v!lnt middc1nadle
punt G tot Saturnus,ten tijde defet teghefiant oo,ckbevon
den wierde van 6 tr. 42. 0 , dat alCdan Saturnus an t'naefie
'punt F, en vervolghensinde rechte lini E B Coude moeten ge. 
wedt hebben maer (ulcke booch wiert bevonden van 5 Ir. 
27.0, want Sa:uIllus heefl opde boVeKhreycn 8 Egipfc~e ja- ' 
ren 99 daahen gheloopcn int inront deur het volghcnde 18 
vooIilel ;54 Ir. H 0. welckc gheuockcn van aÓOtI. blijflals 
boven S tr. ~7 0. 

Dievande6Ir.42.0 alleenelickverfchillen J tr.lS 0. 
Die naerder overeencoming begheen,foude dergbelijckewercking meugen 

onderfoucken met etn legefiant voor ofna de bovcfchrcventot dal hyfe von
de. Als by voorbeelt,fulcxghedaen mette tegefiandt int jaer Ij 8 J den 3 Sep
temberj vinde daer me te IUHeil Ir. Il 0. Maer mettc tegefiandtint jacr 1.s7~ 
de Ij Iulius, viel D E B van H ti. H 0, B D E 1+1 Ir. 9 <D,en E B D 4 1r• 40, 

" wekke drie t'[amen maken 180 tr. 8 <D, dat alleenclick 8 <D te veel is, en vooJ: 
ghenouchfaem overcomming mach ghehoudenworden. Inder voughen dat 
A het begheerde ,'el llepunt blijft als boven onder den 268 .tr. 20 <D • na ghe' 
nouch overcommende metten 265 tr. van Rheino/dll4in Prllunüü tabu/il. 

Belanghende dat de volcommenheyt foude vercyfIèhe1l met teghellant der 
MiddclCon te wen;ken , fulcx fcbijnt in defe ao\"angfchc wiife det kering on. 
noodich,te meer dat wy tOl fo nauwe onderfoucking v!!ellangducriger dach
tàfeJsfoudenmoelenhebben dan deCe. TB E SL VYT. Wy hebbendandeul: 
crvlirings dachlafels gevonden de [chijn baet duyfieraedangde van Salurnusin

"roDlwcchsverfiepUDI en naefiepl,lnt,na den eyfcb •. 

·18 VOORSTEL. 

Deurervarings dachrafels Saturnus middeIJoop op 
een gheghevcn rijt te vinden, (n daerafeen tafeltè be .. 
fchrijven. 

Het ,vinden des loops\'ant inronts middelpunt deur de en'aringsdachtafel9 
gaet aldus toe: Men fiet dat Saturnus ontreOt de30jaren een fchijnbaer keet 
des duyfteraetsdoet,daercm (oucklmen in welck jaer en daeh onlIeOt 30 jaren 
(of ontrenr etteliÜ.e 30 jaléalsèedachtafels langgcnouchduyré),'oorofnadé 
bO\'efehre\'é 10Iunius I 576,datontr<lOt délolunius Salurnusondcrdêz68 tr. 
200 (wefende: deur het 16 \'oodlel des imonlwechs verfiepunt) in tegenant 

" der Son is,en den keer ofkeeren alf dan ghefchict, fijn Da ghenouch volcom
men.om vande uytmiddelpunticheden des inrontwechs en Sonwechs gheen 
hinderlicke dwaling te erijghen ; Voort is den tijt ,'and'een tegefianttot d'an
der bekent, wàer deur mE oock "indt den loop ecns daths, en tafelen mactl:,die 
gelijek inde SOD)OOp gefryt is daer na op langer en langer tijden meer CD meer 
verbetert worden. Maer om van l'ghene 101 hier lOC int ghemeen gheCe)'t is, 

nuby 
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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 

And the angle AEB, i.e. also DEB, as before makes 
These two angles EDB, DEB of tbe triangle EDB are together 

173°18', and when this is subtracted from 180°, there remains for the 
angle DBE, which is also tbe value of tbe perigees' arc FG, 

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 !ine 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 

91 

subtracted from 360°, there remains, as above, 5°27' 
which differ from 6°42' only 1 °15' 
Who· should wish for closer agreement, might make a similar investigation 

with an opposition before or af ter 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 A remains the required apogee,' as above, at 268°20', which 
agrees substantially with the 268° of Rheino/dus in Prutenicis tabu/is 1). 

As to the fact tbat 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 fin ding 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 af ter 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 orbit. Further 
tbe time from one opposition to the other is known, by means of which wc 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 Dote p. 45. 



- 98 -

ER V A RIN GSD A Ö H TAF ELS. 61 

nu by voorbeelr te fpreken, ick foucke indedachtafeIs ontrent 30 jaren (ofon. 
trent ettellieke 30 jaren als de dachtafeJs langhe ghenouchduyren) voor ofna 
de bo\'efehreven Ifghefiam op den 10 Iunius 1576, een' teghefiant werende 
Saturnus Icn nadien by den 268 tr. %0 CD ,wort bevonden op den 4- Iunius 
1605 ondcrden 263 tr. 3S 0, t'weJck vand'andef4 tr. 4S 0 verfchilr,inaerop 
foo deencn hoochfken en conncn de uytmiddcl puntichedcn ghcen hi,nder
lick verfchil by brcnghen ,immers op een voorbecltfche kering als deîe, 

Dit foo wefende, iek fie dat Saturnus, en ver\'olghens fijn imoots l11iddeI. 
pUnt ,-anden 10 lunius 1576, totten 4-Iunius 160j,doende ~0}S6daghen, ge
loopen heefl 35.5 tr. 150, te weten vanden %68 Ir. %0 0, lottcn 263 Ir. 
H 0 : Daerom lègh iek, lOS 8'6 daghen • gheven 35 5 tr. 15 0 , wat 1 dach? 
Comt % 0 o~ 49(9: Twelck luttel fchilt van CopernÏcIl4 ghefie1de middel. 
Joop doende % 0 3 0 36 CD ,roer l'to/emclI4 voor nam by de.i 0 0 @ 34 CD. 
En watr de bovefchreven teghcfiandt (die 3 tr,180 van rechte teghefiandt 
fchilt) naerder rechte teghefiandl gheweell (naerder foudemenît eonnen vin
den in daclmfels van langher jaren gheJijckmen in dcn Wij rcmijt had) derc 
loop eens dachs mocht ooek naerdc:r I'ghefielde \'an Coperni,,/& gheyallc:n heb. 
ben. 

Nu dan de loop eens daeh weîende als boven, t'is kennelick heemen dacr 
me foude eonncn maken, ghelijek vande Sonloop int 3 voorficl ghedaen ii, 
tafels om daer deur met lichticheyt te vinden Saturnus inroms middel punts 
loop,alldersghelë:yt Saturnus middelloop • op alle ghcgheven lijl inde *daet 1'r.xl. 
çhemeenclick te vooren commende. 

Maer anghefien wy PttJ/tmell4 tafels "oorbeeltCehe wij Ce gbebruycken Cul. 
len, om de redenen van dicrgclijcke inde Sonloop en Macnloop verclaert, (00 
61 ickfe fielkn als volght : 

P TAFEL 
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about 30 years (or about several times 30 years, it the ephemerides cover a long 
enough period) before or af ter the above-mentioned opposition on 10th June 
1576 au 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 50, 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 CoperniclIs, which is 2;3,36 minutes, for which 
Ptotemy took about 2;0,34 ininutes. 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 a~so have been nearer 
the value given by Coperniclis. . 

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 Ptolemy' stables 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. 
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64 SATVRNVSLOOP S VI NDING 0 E VR 

TB E S LV Y T. Wy hebbé dan deur ervarings dachtafe1sSaturnus middel
loop op een gheghcven tijt ghcvonden. en daer af een tafelbefchreven, na den 
eyfch. 

19 VOO R ST E L. 

Deur ervarings dachtafels Saturnus loop in fijn in
ron t op een ghegheven tij t te vinden, cn daer af een tafel 
te befchrijven. 

TGHEGHEVEN. Laet te vinden fijn Saturnus loop in fijninrondrop 
een dach. 

MER C KT. 

Nadien ick l'werèk defes voorfiels befchreven hadde na de ghemeene \Vijfe, 
tteckendc Saturnus middelloop vande Sonnens middelloop, ghelijck hier on" 
der blijeken fal,fo heeft fijn V 0 R ST ELI CK E G HEr-< AD E tor grontlic
ker kennis der oirfaken (foowel van d'ander volghende Dwaelders,alwaerder 
ghelijcke fal ghedaen worden, als van defe) daer by noch begeeIt en veIvought 
een werck op Saturnus eyghen grom ghcbout,als volght. . 

1 WE ReK • 

. H~ heeft hier toe inde dachtafelsgefocht twee vanSatumus tegefiandé met 
de Son , lange lijt vanmalcander ghefchiet, byna en onder een fclve plaets des 
duyfteIaers, want daer me moeten foo wel fijn keeren int inront als de Sonkee-

. ren volcOlllmèn wefen. fonder van eenighe uytmiddelpunticheden hinder te 
crijghen, en oockonnoodich fijnde rekening te maken mette Middelfon, om 
bekendereden. D'eerftevan fulckctwee tcgbeftanden nam hy dieder viel op 
den 10 Iunius 1576, d'ander den 4 Iunius 1605 ; tuifchen we1cke fijn by de 29 
jaren, doende 10j 86 daghen. waer op Saturnus int inront fooveel keeren ghc
daen heeft aurer tegbefianden gebeurt fijn,welcke bevonden wierden 28,clcke 
van 360tr. maken l0080tr. Hiermefegghende, 10586 dagen geven 10080tr. 
wan dach~Comt voor t'begheerdeS7® 7 • .s5. weynich verfchillende van 
Copanicus en Plo/emeus bd.luyt int volghende. 

~ WERCK. 

Vande Sonnens middclloopcensdachs,doendedeur 
het 3 vciorfie1 otr • .s9. S. 17.13. U. 31. 

Getrocken Saturnus middelloop eens dacbs, doen-
de deur het 17 voorftel . otr. 2. O. 33.31.28.$1. 

Blijft voor begheerden Saturnusloop bi fijn inront 
opeen dach ou. 57' 7. -U· 41. 43.40' 

TBEWYS. 
Anghefien Saturnus altijtant inroots naeftepunt is in fijn tegheftantdet 

Middelron deur t'voorgaende, foo moet nootlàkelick dien imontfioop even 
fijn ande middelloopder Son. mi1l fooveel als bedtaccbt des inroms middel· 
pUOlsloop. 

Om 
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CONCLUSION. We have thus found, by means of empirical ephemerides, 
Saturn's mean m~tion in a given time, and described a table thereof; as required. 

19th PROPOSITION. 

To Eind, hy means of empirica! 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. 

Af ter 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 -
foUowing - Planets, where a similar operation will be carried out, and of this 
one) His PRI~CELY GRACE required in addition and added a method based 
on data from Saturn's tables alone, as foUows. 

lst 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 weU 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 feU 
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 foUowing. 

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 theamount of the motion of the epicycle's centre. . 

1) Evident mistake in the Dutch text. Instead of Tghegheven read Tbegheerde. 
2) In the Dutch text, read 18 instead of 17. . 
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ERVARINGS DACHTAFEI.S. 6S 
Om hier afmet breeder reden te \'erclaren, iek fegh aldus: Soo byvoorbcclt 

het inronts middelpunt gheen loopen hadde, maer vaft b\eve, en dat Saturnus 
in faming dan evewcl' altijt in fijn inroots verfiepunr waer, ,'is kennelick dat 
Saturnusloop in fijn inront dan even foude moeten fijn ande Sonnens middel
loop : Macr het imonts middelpunt heeft daerentuifchcn een loop gedacn, 
daerom foo veel die is ~ foo veel moet Saturnus inrontloop cólter dueren dan 
de middelloop der Son ,en vervolghells treckende Saturnus iDIonts middel
puntS loop, vande Sonncns middelloop , de reil is .de begheerde loop van Sa-

.. tumus in fijn inront. 

VERVOLGH. 

De loop eens dachs wefende als boven, t'is \r.ennelick hoemen daer me fal 
. makcn,gheIijck vande Son!oop int 3 voorfie! ghcdaen is ~ tafelen als de navol
ghende, om daer me met lichticheyt Saturnus!oop in fijn inrontte vinden op 
alle ghegheven tijtinde*daet ghemeenelick te voorencommcnde. 0 Prilu. 

Merckt noch dat men totproufder voorfchre"en werckinghenmach.fien 
{oodickwils alfment oirboir verfiaet, of het ladl ghevonden gheta! even is 
mettet ghetal daer me overcommende : Als by voorbedt van t'ghetal des Son
loops eens jaers,ghetrocken ,'ghetal van Saturnus inrontloop eens'jaers, of die: 
!eft overcomt met foodanich ghetal anders ghevondcn deur ervaring_ 

F 3 TAFEL 
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To set this forth more fully, I say as follows: H, 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; tberefore, as much as that is, by so much must tbe 
motion of Saturn's epicycle be less than tbe mean motion of the Sun 1), and 
consequently, when the motion of Saturn's epicycle's centre is subtracted from the 
Sun's mean motion, tbe 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 of ten as we 
deern suitable whèther the value last found is equal to tbe 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 SA TV R. N V SLOOP S V I N D 1 Ne D E V R &c. 
TB E SL V Y T. Wy hebben dan deur ervarings dachrafels gevonden Satur

nus loop in fijn inront op eengheghen tijt 1endaerafeen tafel befchreven, na 
deneyfch. 

MER C K T. 

By aldien defe dachtafe1s van Stadill6 foo lang duerden,en foo veel Saturnus 
keeren hadden, datmen daer in mocht vinden twee fijnder tegheftanden mette 
Son ondereen felve duyfieraerlangde,wy fouden dan hier meughen een voor
fiel befchrijven,gelijck inde Sonloop en Mac:nloop gedaen is, te weten: Deur 
c:rvarings dachtafe1s te maken berekende dachtafeis van Saturnus loop op toe
(ommende tijden: Maer angefien hy daer in alleenelick een volcommen keet 
ghedaen heeft, [00 en wiJ [ulcke vinding hier niet vallen: Doch hocmen, deur 
wifconfiige rekeningen vindt van hoe langen tijt dedachtafe1s rouden moeten 
be[chreven fij n om fukken fe1fheyt te crijgen>dat fal elders verclaeIl worden. 

10 VOO R S TEL. 

Deurervarings dachtafels den loop van Saturnus in
rontvvechsverfiepunt te vinden. 

Angefi-en dedachtafeJs van sllIdim (die wy nemen al offe deur ervaringhen 
bevonden waren, om de redenen verdaen int I voorfiel) tecort fijn om daee 
deur bequamelick ['begheerde te vinden, foo fàlick tot hulp nemen de el\'atin
ghen van Ptoltmtll4 • welcke int 5 hooflfiick fijns J I boucx Saturnus inrondt 
wechs ver{tepunt bevondé hecfi onder des duyfieraeJ5233 tr.macr int J 6 voor. 
flel bevinrmenr onder den 268 tr. 100, T'welck 3j tI. 20 CD voordedijnde. 
het vcrfiepum is na defe rekeningfoo veel nrIoopen op dien tijr,bedraghendc 
ontrent J4sojarc:n, te weten ,'ant jaer J27tOttetjaer defet ervaring 1576. En 
hier me won bekent des verfiepunts loop op alle: ghegheven tijt : Als by voor
heelt,om die te hebben op een jaer,ick fegh I4SO jaren gheven 35 tI.20 0,wac 
I jaedComt J 0280. TB ES L V Y T. Wy hebJxn dan deUr ervaringsdach_ 
tafels gevonden den loop van Saturnus inront wechs verftepunt, na den eyfch. 

2.1 VOO R S TE L. 

Deur ervarings dachtafels Saturnus inronts middel· 
punts loop in fijn vvech te vinden. .. 

Den loop van Saturnus in ron t\Vcchs verftepunt wortopccn 
jaerbevondendeurheu8 voorfiel van J 0 28(!). 

Die ghetrocken van Saturnus middelloop oock op een jacr, 
te weten een Egips doende deur het 17 voorfiel u tI. 13 0-

Blijft voor begheerde loop des iDIOnts middelpuntsin fijn 
wech opeen Egips jaer utr.I2(!). 
En is openbaer dat a) [00 ghevonden fal worden den loop "an aIJe voorgh60 

fic:Jdetijt:Waeraftbewijsdeuu'werckopenbaer is. TB E S LV Y T. Wy heb
ben dan deur ervarings dachtafcJs Saturnus inloms middclpunts loop in fijn 
wech ghcvondcn, na den cyfch. 

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. 

It these ephemerides of Stadius covered so long a time and con-tained 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 mot ion, to wit: To make, by 
means of empirica! 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 tocover 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 Ist proposition) cover too short a 
period to find therewith easily what is required, I will have recourse to the 
experiences of Ptolemy, who in the 5th chapter of his llth 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 ca1culation 
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 12°13' 

there remains for the required motion of the epicycle's centre on 
its deferent in an Egyptian year 12°12' 

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, deaJing with Jupiter, Mars, Venus, and Mercury, 
have not been reproduced here] 
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lIS 
ACHTSTE 

ONDERSCHEYT 
DES EERSTEN 

BOVCX,VANDE VIN. 
ding des loops der 

vaRe Sterren. 

50 VOO R S TEL. 

Te verclaren hoemen deur ervarings dach tafels men~l: 
de vafie Sterren in haer hemel vaft te vvefen, en den he
mel te drayen op den as des duyfteraers. 

Angheûen dit roerfcl (00 traech is, datmen daer af weynich be'îcheyts ean 
mereken op den ti jt defer dachtafels van Sladif14 geduercnde S 2 jaren,foo fullen 
wy hier en int volgende SI voolfiel tot hulp gebluycken Plo/emef14 nagelaten 
fchriflen vande plaeûen derva!le fterIen, nemende vooIbeeltfche wijlè al of 
die mer deCe t' Camen ons ervarings dachtafels maeckten. 

Dit foo wefcnde, angeûen de valle fterren nu in Stadif14 dachtafc1s met fule. 
ken vetheyt van malcander ghevonden worden als ten tijde van Plolemef14 ,na 
luyt des 5 hooflfticx fijns 7 bouex,en dat die doen in rechte linien ftonden. nu 
daer in noch fijn,niet teghenftaende t'felve over de 1400 jaren gheledenis,foo 
befiuyt men daet uyt haer vafticheyt. . . 

Maer want haer duyfteraerbreeden de felve blijven ,en haerevenaerbreeden 
met duy fteraerlangden veranderen/oe befiuytmen den heeJen hemel te moe-
ten dracycn, op den as des duyfieraers. Als by voorbeelt de * arc des Maechts Spica -virgi. 
diens ZuydeIfche duyfteraerbleede Plolemef14 fielt op 2. II. JO Q) ,wort alfco nu. 
oock in Sltldif14 dachtafels beCchreven : Maer de duyfieIaerlangde die Pto/emef14 
fieldeop 176 tt. 400, isby Sladiil.l van J97 tr. 3 8 0: En haerevenaelbleede 
weJcke Plo!emef14 int 3 hooftfiick fijns 7 boucx fielt op 30 0 na het Zuyden,die 
comt, voJghende Sl4djf14 befchliiving 8 tr, 560 ZuytWacrt , want hoewcJle in 
fijn dachlafels niet en fiaet, foo volght fulex uyt de bovefchreven duyfteraer-
langde en breede deur het 9 werdluck deI Hemcldootfche werckfruckeo: En 
'want dir roerfel ghefchiet'na t'vervoJgh del trappen. foo moetet fijn van We-
fien na Oollen. TB E S L V Y 'T. Wy hebben dan verclaert hoemen deuler-
varings dachlafcls merckr de vafte Sterren in haeI hemel vaft te welèn • en den 
heinel te dra yen op den asdei duyfieraers, na den eyfch. 

'I VOOR· 
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EIGHTH CHAPTER 

OF THE FIRST BOOK, 

Of the Finding of the Motion of the Fixed Stars ') 

50tb PROPOSITION. 

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

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 SIst 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, sifice now in Stadius' ephemerides the fixed stars are found to 
be at the same distances from one another as at the time of Ptolemy, according 
to the 5th chapter of his 7th book, and that those which then w~re in straight 
lines now still are, notwithstanding the fact that this was more than 1400 years 
ago, it is conduded 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 ediptic. Thus, for example, Spica Virginis, whose 
Southerly ecliptical latitude Ptolemy 2) puts at 2°10', is also described thus in 
Stadius' ephemerides. But the ecliptical longitude, which Ptolemy put at 176°40', 
is 197°38' in Stadius. And its equatorial latitude, which Ptolemy 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 tbe 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 tbe fixed Stars are fixed in their heaven and that' 
this heaven rotates. on the axis of the ecliptic; as required. . 

1) Bya printing error in the original text the preceding page 114 has been called 104. 
9) Syntaxis VII, 5 (Manitius 11, p. 48). 
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116 VASTE STERRENS LOOPS V1NDING. 

5 I VOO R. S TEL. 

Deurervarings dachtafeIs te vinden d~n eyghen loop 
der vafte Sterren~ ..' 

Anghefien deAre des Maechts ten tijde van Ptoltmtt/4 int jaer 139 was in 
des duyfieraers 176 Ir. 40 0 ,maet ten tijde van Sladill4 int jaer 1S54inden 
197 tr. 380, datS2.ó tr. 580 voorder, foo heef(fe de felve booch geloopen op 
den tijt tuifchen beyden bedraghende 141.s jaren,daerom fegh ick, I.j.l S jaren 
gheven 20 tr.58 (9, wat Jcojaren ~Comt 1 tI. 29 0. En fghelijcxcan open
baerlick ghevonden worden den loop op alle ghegheven tijt, waer af t'bewijs 
openbaet is. T'B E S L V YT; Wy hebben dan dewervatings dachtafelsghe
vonden den eyghen loop der vafte Sterren, na den eyfch. 

DES EERSTEN BOVCX 
E I NO E. 
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51st PROPOSITION 

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

Since at tbe time of Ptolemy in tbe year 139 SPica Virginii was at 176040' 
. 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 tberefore 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 tbus found, by means of 
empirica! ephemerides, the proper motion of the fixed Stars; as required. 

END OF THE FIRST BOOK. 
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SECOND BOOK 

OF THE HEA VENL Y MOTIONS 

OF THE MOTIONS OF THE PLANETS 

hy Means of Mathematical Operations, 

Based on the Untrue Theoryl) 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 ofwork 
which has been devoted to their development. In treatises on the history of Astronomy, 
the expression "planetary theories" is commonly used. 
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COR.TBEGRYP 
defes tvveeden Boucx. 

-Jf"';~0- ,:"'1. ~ cerfie bouc/z des H emeUoops deur er"Vltringhe'lJ uyt den 
t rON/ven bemtrlk! fijllde,de Dwatldm in TlJtmiddt'lTlf7tighe NI»· . 
. , den en inronden re loopen, m(/ ander omflandighen din angaen. 

de, \!vaer me ons ghedaclit ten grom heeft, t'mdtllr ~4èonflighe . 
"Wmkinghen 'Vee! namvtr tnfil:erder t' onderfouden oft hu oocl: 
'tIo/commen ronden fijn , en of(è datr in altijt ft'm:aerdüh e'tler 41 

/ooopen, 'Voort "Wat reden haer haIfmi1dd/~-n. en en tlJ""!,ia'defjlltnticht),tfymn tot 
ma!cander hebbm, lot 'VI'at plaet(cn Ij tntcuommcnde tijden (!in {uIlen, boven dien 
om lugherakenlot!:mnû der oneven d"ghm, der jii/ffandenen de)fnghm, der 

. grootheyt vl/nde verduJHerde du/en die jon (IJ c..Maen in hlltr dJ/yit eringhm cry-
ghen, der verheden aaerft vl/l1den Eerlcloo! in fijn, dcr grootheden diep hebben 
leghen den Eertdoot 'Ver/eken, met meer ander dierghel#de dl/er an devmdu,foo 
fllien 'VI)' ntlwteltweede bouel: comme, inhoudendèder fe/ve 'VI'ifèollflige 'VI·trc1 in. 
ghm, tIJ ddt nochalop de glJ(mifieJlellingum vaJlmEericloots,gel~,k debc(ihrij. 
'Ving 'Vtlf1 dien Plolcmeus eerft ter handt qfltlm ,re Weten fonder dacr in vermengt 
te ~'e(e1J (rjn verdochte 'Vonden der onbekende roerft!s (als de Iwade anc'venlheyt 
derûl,faen, mette derde one'VemhetJen '/Jan SaltermlJ, Jupiter, Mars,Vtmu en Mer
curirl&, metfj,admhet ol1bekent breederoerfeldeT v~iiaetJle, ~'eld:e men int ghe
meen der Dwaeldm onbekende /oopnoeml) die ickdaeruyl (iIJeyden fa!, en daer n4 
befonderlick brfthrq''Vt11,op dat elek alJoo c!aerlicker jiende \!vantr deur Helling uns 
'Vaflen Emc/oots ghtbre'tckt ,te bcquamelitker na andtr beter 'L'onden IrachlerJ 
mach. En Ja' hier affl'Vtn onderfcJJtytfolJ maken. . . 
Het 1 vande \!vijèonHighe ilylmiddelpunticheylshandelint ghemeen. 

Het tweede vandeSonloop. 
Her.3 'lJande0l1aen!oop. 
Het 4 van SallJr11f1J, JU/iteTS, t7r!arJ, Venm tnr.)l1ercurifIJ loop. 
Hel S van der D"WaelderJ fominghtn, teghenfi anden, en dUJfitringhtn. 
Het 6 'Vlln Plolemcus verdochte tweede onevenlbede der Maen, en derde 011e'lltfll

heden van Slllter1JfIJ, Jupiter, MarJ, rmfU en UJ1ercurius. 
Het 7 'Van Pcolemeus 'Verdochte breedtlo/Jp der 'V#!DwaeldeTl, SalfJrnfIJ, Jupiter, 

Uars, rmus en Mer~:urill&. 

MER CK T • 

. lek noem defe wercking wifconfiich, tot onderfcheyt der wercking ghetroc
ken uyl ervaringhen int eerfte bouck, en hoewelCe dickwils deur reken in <ten 
met tafels in geen heek \ olcommenheyt der gelaten en befiaet, gelijck in :01-
commen wifconfiighe wercking vercyCcht won, nochtans anghefien daer in 
iseen voet van oneÎndeJicke naerdering ,metlet wifconftich groote ghëfi1eeÏl~ 
fchapbcbbellde, en de bewijfen oock wifconfiich fijnde, foo Cchijnetdatmenfc 
om l'bovefchreven ondcrfcbeyts wille wifconfiich noemen mach. . 

IONDER. 
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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 circles and epicycles, with other 
circumstances 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 Móon, with the third 
inequalities of Saturn, 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 clearlywhat 
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 mathemàtical 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 edipses. 

The sixth of Ptolemy' s supposed second inequalities of the Moon, and third 
inequalities of Sa turn, Jupiter, Mars, Venus, and Mercury. 

The seventh of Ptolemy' 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 of ten operates, through computations 
with tables, withnumbers which are lacking theperfect 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 mathematica!. 

[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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'46 VANDE DVYSTERINGHEN D EVR &c. 
feyt is ,foude connen verLheckentot ghemeene reghel van al d'ander, over
midts menmette bekende win!t van d'een Dwaelder boven d'ander foo foude 
wercken,als vooren gedaen is: Sulcxd3tttr niet en gebreeckt dan fekerdcrken. 
nis van der Dwac:ldci's loop in langde en btcedé. 

:a M ERe K. 

Mijn voornemen was int beCchrijven des Cortbegrijps defes .2boucx als 
blijekt,hid noch by te voughen een refie Onderfcheytvan Ploleme~ verdoch
te twcedeonevcntheOeIl der Maen ,en derde oneventheden van Saturnus ,Iu
pitcr,Mars, Vénus,enMercurius in langdeloop : Metfgaders een feVendè On
derfcheyt van FlolmltrlJ verdochte breedeloop der vijf Dwaehiers, Saturnus, 
Jupiter, Mars, Venus, en Mereurius:Maer nadien ick volghens mijn voorne
men, int eerlle en tweede bouek befehreven hadde den Hemelloop met nel
litlgeens vafien EertdoOIs , fonder daedn te vermenghen PlolemellJ vonden 
der bovefchreven onbekende Ioerfe\s, die iek bèfondcrlick alleen ghcficlt had
d~: Sghelijex ooek gedaen hebbende met CopernÎ&U4 befchrijving eeos roeren. 
den Eertdoots ,die ûjncyghen vonden der I~l ve on bekende roerfels daer oock 
in vermengde,wdcke kk mede daeruyt liet,en alleen befehrcef, om daer deur 
de foueking des on bekenden handels voor yghelick.clacrder en verfiaenlkker 
te maken,en na beter fpîegeling te meugen trachrcn: Soo ift' gebeurt dat rghe
'De iek aldus voor anderS bereyt hadde) my felftot inleyding ver!treae, om tot 
fpiegeling te geraken die my beter docht , want alfoo kir:: ceosquam te overfien 
mijn gefchreven derde bouck na CopérniCf14 wijfe (dat een tijt lang fiil gèlegen 
hadde) omdat inden druck te brengen, ick quam tot ander kennis des breede~ 
loops der Dwaelders,Saturnus,lupitc:r.Mars, Venus,en Mercurius,fulcx dat JO'! 
~ocht de felvegbeen onbekende roerfels meer enbehooren te heeten, en ver. 
'VoIgnensooekonnoodich te wefcn het voornoemde fevende OnderfehcYl te 
befchrijven, want alle ramingen der mcnCché int foueken der Dwaelders loop, 
fcernauwe te willen deurgronden ~ het fchijnt datmS den tijtbeter roude con
nen befteden met ghewifiè dinghen te keren. Nu dan angeûen de breede loop 
om de voorgaende reden comen (àl int derde boud~ met ficllingeenstoercn
den Eertcloots, foo is dit d'oir(àeek waei: deur ick het boVtfchreven fevende 
Onderfcheyt hier uyt laet. Angaende het 6 Onderfeheyt, dat hcb ick oirboir 
vedlaen inden Anhang des Hemelloops te brengen,om de redenen welCke al. 
daer van dies Cullen verc1aert worden. . . 

Noch is te ghedenCken, dat foo ymant int voorgaende ofvolghendc defct 
wifconftige ghedachteniife, quaem t'ontmoelen woorden of redenen in wek. 
kc de boveCchrevë rocrfels der breede onbekentgenoemt worden, die iek noch 
tans nufegh bekent te fijn, d'oirfaeCk daer af te wefen dat het volghende derde. 
boude t'laetftewas, dattergedmCkt wielt, hoewel ander fioffen t'bouck gebOn
den fijnde daer a~hteIVolgheD , cn dat ickals ghefeytis, int ovc:rficn desJelvcll 
derdcn boucx cerft tot breeder kennis gheroclu. . 

DES tWEEDEN Bovcx 
E Y N D E. 



- 119 -

63rd PROPOSITION 

FIFTH CHAPTER 
OF THE SECOND BOOK 

113 

2nd NOTE 

When writing the Summary of this 2nd book, I meant to add - as appears -
a sixth Chapter on Ptolemj 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 Ptolemjs imagined motion in latitude 
of the five Planets Saturn, Jupiter, Mars, Venus, and Mercury. But af ter, 
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 
Ptolemj sdiscoveries of the above-mentioned unknown motions, which I had 
placed apart, while I had also done similarly with Copernictls' 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 af ter a better theory, it 50 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 hook as written 
af ter the manner of CoperniCtis (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 th at 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 
af ter 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 horne in mind that if in the preceding or following parts 
of these mathematical memoirs anyone should come across words or arguments 
in which the ahove-mentioned motions in latitude are called unknown, which 
nevertheless I now say to he known, the cause of this is that the subsequent third 
book was the last to be printed, though, af ter 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 BaaK. 
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THIRD BOOK 

OF THE HEAVENLY MOTIONS 

OF THE FINDING OF THE MOTIONS OF THE PLANETS 

hy Means of Mathematical Operations, 

Basedon the True Theory of the Moving Earth 
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C 0 R T B E GR Y P D E-
SES DERDEN Bovex. 

M de [om me vandeftn teverclaren,[oo 
. aet te ghedenckendat de DVt:'ae/ders 

't'V1?eederley loop hebben,d' een in lang de, de 
ànderinbreede: Angaendede langdeloop, 
diefol hier vt:Jijèonfleliek be'lipejen vvor
denmetfteUing eens roerend en Eertcloots 
t'felve bqluyt Ie erijgen, datft met JleUing 
eensvaflen heeft ,aUeenelick daerin ver-

fchiUende, dat t'ghene metteJleUing eens vaflenvoorvreeml en 
met ver'lJf1ondering anl, heften 'Vt:'ort, àeurd'ander [onder VfJon
derü, alsgegront Jiirtdeopt'genewefèntlickindenatuerheffaet. 
Vyt hetvoornomdebe'Vt:'ijs , Ie vt:'elendat d'een en d'ander flel
ling ten felve hejluJI voorthrengt ,foldefi hefchrijvingfeer cort 
val/é, VfJanl iek op defe roerende f1:eUinggeen nieuvtl'evt:'ercl1uc
ken ma~erJ en fol van t'vinden der HemeUoopfche dinghen ,maer 
'Voorgemeeneregelnemen,·datalt'geneonsvandelangdeloopinde 
daet 'Tloorvalt te herekenen ,gedaen fot 'V~orden deurde'V1:?erck
nueken gegront op fteUing ems rvaflen Eertclools, en he[chrevcn 
inde voorgaende IVt:'ee eerfte boueken: lek [al ooekin een beflnder 
voorJlel 'Uerc!aren miin gevoelen, Vt:Jaerom iek fulcke vvereking 
gedaen op eenoneygen fteUing, voor bequamer houde dan dreop de 
eygenv1?aregegronlil. Nadelangdeloopfaldebreedeloopvolgen, 
dieickooekmetd'een end'ander fleUing een ftlve bejluJtrvoort
brenghende btfchrijven fa!. 

Dit inhoudt int gemee foodanich fijnde fal vqf ondtrfch~yt fils 
hebben. Het eerIle van der DVt:'aelders Hemelé gedaente,Ià veel 
noodich fchqnt lot verclaring haers loops met fteUing eens roeren
den Eertcloot s . Daer na [uilen vo~ en arie onderfchey t [els 'Uande 
langdeloop der DVt:'aelders met fteUing eens roerende Eertcloots: 
Tevf1ctenhet tVf1eede'Vanae Eertcloot:Het derde 'Vande Mae: 
Het vierde van Saturnm , lupittr, Mars, Venm, en Mercu
rim. Daerna falvokent'/detJleonderfcheytdesbreedeloopsmet 
ftelling eens roerenden EerJcloots. 

E ER.-
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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 thc same 
conclusion on the theory of a moving Earth as on the theory of a fixed Earth, 
with the only difference· thatwhat 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 weIl as the other 
theory leads to the same conclusion, this description will be very short, 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 
1 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, Mars, 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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EERSTE 

ON DER S C H E Y T 
DES DERDEN BOVCX VAN 

. der Dvvaelders Hemelen gedaente, . 
fo~ veel noodich [chijnt tot vercIa-

ring haers loops inet fielling eens •. 
roerenden Ecttcloots •. 

CO RT BEG R Y P DE S E S 
EE~STEN ONDERSC8EYT~ 

•

. eAdten ('Voornemen ÎJ hier te beflhrij"Pender f'])r,"Paelder.t 
. loopmet fleUing eens roerenden Eertcloots:J [00 [chijmt oirboir 

. 'Vant tV'Pefen en gedaen!e des tV'Pere/u :Jals gront dAer t' 'Voor-
. . gaendeopgheboutrv"tJort,Joo 'Veelte'VercfarenaLrtV'Py daer 

af rQ"vete1Jof'rVer11JoeJen , en totte k!nnÎJ . des ~,!orghenomen loops behul- . 
pich ÎJ : Tot dien einde [al icltin dit eer fle Onderfcheyt [ei 'Voor fleUen be-
fchrij'Ven. . . _ 

Het eerne rvan ti' oirlien derheme!en rvande 7)'t!'Paelders:J met fleUing 
eens roerend en Eertcloots . 

. Het tWeede rvan des Eertcloots Toerfel ;n pLuts:J en haer [eylileenighe 
fliljlandt. 

Het derde rvande [eylileenighe flilnant der t'])"P"Paelder'tt'Peghen en hatr 
hemelen. . 

Het rvierde rvande ptaets des cracht.r die den Eertcloot en tV"Peghen der 
"D"P"Paelders in haer [eytfleenighe jljlflandt houdt. 

Het rvtjfde dattet niet nootjàk!6clten blijck! de S on middelpunt te rv"Pe
fen 'Vanden'Vaflenerrens hemel:J maer met goede reden daer toe rverco
rentV'Port. 

Hetfeilt rvande rvC7'V"POnderinghenfonder rv'tlonder der ghene die een 
'Vaflm Berte/oot fleUen. 

I VOORSTEL. 

Te be(chrijven d'oirden der hemelen vande Dvvael
ders met ftelling eens roerenden Eertcloots. 

De Mcn!Chen ccnijts deur ftelling eens vanen Eertcloors gcco1l1men fijn
de lOt ftclling van iOnunigbe inlOndeD J Wilcr.in del Dwac.lden keellPg in tijt 

Y effen 
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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 

SUMMAR Y OF THIS FIRST CHAPTER 

119 

Since the object is here to .describe the Planets' motions. on the tbeory 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 knowor 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 tbe Heavens of the Planets, on tbe theory of 
a moving Earth. 

The second of the motion of the Earth in its place and its magnetic rest. 
The third of themagnetic 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 tbe Sun should be the centre 

of the Heaven of tbe 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. 

lst PROPOSITION. 

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

Whereas formerly, on tbe 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 overfcho! des Sonloops bO\'en den loop "ar.t inronts 
middelpunt in haer wegen, als van Saturnu~,lupi!er en Mars: Voort ander in" 
rond:n diens middelpuntens loop effen mette Sonloopoverqu!1m,ghelij,k int 
cetfie bouek ghcCcyt is, Cu\cx en docht ander menfchen die defe faken grollde
licker bcgofien t'onderfoucken, alfoo inde natuer niet IC befiaen: Overdenc. 
kende daer na ormen die inronden met haer \'er fierde roerfels niet cn foude 
meugen weeren,fiellende den Eertc100t in een IOndt Ie loepen, bev,ondcn dat 
ja,ghelijck by cue1icke ouden betuycht \Vort ccnijls fmenfehen ghc\'oeJcn van 
een loopenden Eendoot gheweefi te hebben, maer de eyghentlicke form en 
ghedaente van hun befehrij\'ing en is na den onderganek des Wijfemijts lel 
bandt van Ploltme«J noch ymanmanders ghecommen;datmen weet, dan met 
veel ander dinghen vedoren bJcven. Doch is ten laetften N;(olauJ (opemiclI4 
verf eh enen, welcke de felve fielling, of een ander die groote gemeenfehap daer . 
me fchijm teèebben, weerom int licht gcbrocht heeft, weIcke ick in dit voor ... 
fiel pefchrij\'eri fal, en tot dien einde aldus fegghen: Binnen den Hemel der 
vafie fienen by Coptrnk«J on beweeghliek geLtd!, fijn oirdentlick ve[volghen
deae hemelen van Saturnus, Jupiter, en Mars, daer na des Eerlc100ts opt na- . 
tuerlick jacr een keer volbrenghende, met noch twee IoclfeJs in plaets. waer af 

. de verclaring int 2 HoofdHek ghedaen 1äl worden wdè:ndc.demfddelJijn defès 
llm1cls fonder gcvoeldiàc leden legen de half middellijn dcsHcmcls der vafte: 
. A=m 



- 127 -

121 

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 furthel 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 epicydes 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, af ter the end of the Age of the Sages, come into the hands of either Ptolemy 
or anyone else, as far as we know, but they were lost together with many other 
things. But at last Nicolalls CoperniclIs appeared, who has brought to light again 
this theory, ~r one that seems to resembie it closely, which I shall describe 
in this proposition, and to this end I say: Inside the Heaven of the fixed stars, 
assumed by CoperniclIs 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 na perceptible ratio to the semi-diameter of the Heaven of the fixed 
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fierren: Rontom den EertcJoot drae:yt de Maen in een uyüniddc:Jpuntichront
l 

daer na volghen Venus en Mercurius,loopende in uYllniddelpuntigbc ronde:n . 
om de: Son, die als we:ere:lts middelpunt onbe:weeghlick blijft. De loopen dcr 
bovefehrevé fes Dwae1ders ende des Eertcloots fijn altcmae:1 na t',;ervolgh der. 
trappen, dat is \'an Wenen int Oofien. . 
. Om t'boveCchreven deu·r een fOlm opentlicker te: ve:rcJare:n,laet den tip A de 

,'afifraende Son beteyckenen, IOntomwelcke bcCchre:ve:n fijn fes uytmiddc:l~ 
puntighe ronden: Int eerfievan diengaet Mercuriusan B: Int tweede: Venus 
an C: Int derde den EertcJoot an D , endae:rom in e:e:n uytmiddc:lpuntichront 
de Maen an E: Int vierde vijfde en Cefie volghen oirdentlick Mats, Iupiter, Sa
turnusghetcyckent F, G, H, altemae1 fonder inront, I bcduyt den Hemeldc:r 
vafre: fre:rien be:fchre:ve:n opt middc:lpunt A, t'welck als vooren de Son is. 

De boveCchreven oirden aldus eenvoudelick int corte gheCeyt fij nde: [onder 
eenieh bewijs,foo fullen wy nudaer afwat breeder verclaring doen: De reden 
waer uyt men merekt Venus en Me/Curius binnen den EencJoOlwc:ch te 100-
pen, is, datCe numrnermeeI tot teghefianr der Son en gherak·en: Maer Mercu. 
lius loop binnenVenuswech begrepen te weCen, blijckt an fijn clecnder af
wijckinghen dacr t'fijnder plaets int ee:rfle: bouck deur ervaringe:n afghelèyt is. 

Belanghende dat ymant twijffele:n Illocht en fcgghen , Venus en Me:rcurius 
. we:gen binnen den Eertcloot te: eonnen weCen, fonder nochtans de Son te: Ver
vanghen,dat en mach foo niet fijn,omdat haer me:efre verheden vanden Eert-. 
doot vee1langher bevonden worden dan des Eertc100twechs halfmiddellijn, 
na t'inhoudt der rekening die: dacr afint volghende ghedae:n fal worden. J\ n
gaende Saturnus, lupiteren Mars, ghe:mercktdie tOt teghe!tant der Son gera
ken, foomoeten haer weghen den EertcloOlweeh vervang hen , anders waert 
onmeughclick. De reden waer uyt men merckt Saturnus de verfie te weren. 
daer na lupiter ,en Mars de naefte , on tweederley fijn: Ten eedten dat den 
DwaeIder der t\vec: die in faming bedeckt wort, de veIne moet fijn, doeh dat 
ghe:bcuIt feer feIdcD,oock fijnder inde werelt te luttel gaOaghers diedet op paf.. 
fen. Ten anderen dat fulcx deur frelling eens loopenden Eei:tcloots(anders dan 
deur fielling eens vallen Eertcloots, waer me dit on bekent blijft) dadelick gbe
meten can worden, gheJijckmen opt landt meet wc:leke fiehtbaertorre wijdt 
van ons is, want de verheyt van twee !tanden die den Eertcloot tot verfcheyden 
plaetCen haers wechs heeft, verfireekt ons voor drie:houcx * gront,hebbende te- Bar'· 
ghen haer fijden feerghevoelelicke reden, ghelijek daer af t'fijnder plaels ey. 
ghemlicker ghe:(eyt fal worden. Angaende de reden waer uyt men bdluyt de 
Maenloop te moeten we[e:n ghelijck de voorgaende form anwijft, is duCda
nich : By aldienCeJiepe.ghelijck een van d'ander Dwae:lders, dat foude moe:ten 
fijn buyten den Eenclootwech,ghelijek Saturnus,lupiter en Mars,of daer bin_ 
ne:n ghclijck Venus en Mercurius. Buyten en cant niet wefen , om datter alf-
dan nummermeer Sonduyftering vallen en foude. Binnen en macht ooek 
niet fijn om tweederley reden: Ten (e:rflen datfe: nummermeer ghelijek Ve-
nus en Mercurius, in tègheflandt der Son en (oude gheraken. Ten anderen 
dat[e foude eonnen commen achter de Son , [ulcx dat al waren dan haer beyder 
middel pUlli en en het oogh des fienders,alle drie in een rechte lini, foo en fou-
der nochtans ghcen Sonduy!teringwefen,firijdende legben d'ervaring. 

De redenen wae:rom gheIooft wort de !lelling des loopenden. Eertcloots 
lijekformieh te wefen mettet ghene: inde natuere be:fiaet, en niet de fielling des 
vaflen Eerlcloots,fijnilufdanich : Ten eeIllen datmen daer dçur bdluyt, ghe
lijck int volghende bre:eder blijcken fal ,de DwaeIde:rs ec:nvoudelick te drayen 

Y z in ron-
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stars. Round the Earth moves the Moon in an eccenfric circle; af ter 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 mea~s of a figure, let the dot A denote 
the fixed Sun, about which have been deseribed six eccentric circles. In the first 
of these moves Me~cury. at E, 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. 

Af ter 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 M;ercury'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 di stances 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 remains 
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 ~ore truly in its pI ace. 
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 aSolar 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 observer 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 theory 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 circles, without 
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in ronden, fonder ftelling van in ronden met haer verLierde loopen inde fel
ve, weIckc: daer deur al verlaten worden, 

Ten lweeden,:mgefié het inde naluer fooveroirdent iS,dat de Dwaeldersdic 
indegrootfte rondenofhemels draeyen, flappelicxt omme1oopen, foo firijdet 
regen dere gemeeneoirden alfmen den aldergrootllen Hemel der vafte 'fierren 
fielt alderfneH\ te draeyen, te weten alle daghe een keer: Ende is daerom de na,.. 
tuerlicke reden lijckformigerre gclooven en te ftellen fuIck alderfnelile roclfel 
h1:t cIeenfie rondt loe te commen,te weten t'rondt des Eerlcloots in fijn plaets. 

Ten derden, na dient imwefen foo vervough t is,datal de loopé der Owacl. 
ders fijn van Weften in.Ooften,foo firijdet tegen defe gcmeene oiJden dalmen 
dë loop der vafte fterren verkeerdelick fieh van Ooftë in Wenen, en is daerom 
de natuerlicke reden lijckformiger te ghelooven en te fiellen fuIckc'loop den 
EertcIoot toe te commen,oock van Ooftenna Wefien,gdijck van al d'ander, 

Angaende mé de fwaerheyt des Eertc\oots houdt voor oirfaech'an haer on- . 
beweeohlicheyt, men mocht daer op aldusantwoordë: Angefien dE Eertcloot 
opeub~erlickeë Hemels licht is,ontfangende vande Son haer c1aerheyt gelijck 
de Maen,ten is niet buyten natuerlicke reden, toe te ftaen dat de fiofdefer twee 
lichten, en ooek van al d'ander fierren. deur geIijcke genegentheyt by malcan
der gehouden worden, te weten ghelijck de /loffen daer den Eertcloor uyt be
fiaet.gheneycht fijn na heur middelpunt te ftreeken, en derwaertte val!en fao 
lange tot dadt: niet voordçren connë, en dä geduerlickderwaert druckë~daltet 

,alfao oock tOegaet mctte ftoffen daer d'ander voorfchrevë lichten uyt befiaen, . 
wdcke ghemeene ghencgentheyt om natuerlicke redenen oock nootfakeliclt 
fchijnt, want by aldienr foo niet en waer, het fandt, water, en ander Eenfche 
fioffen/oude van malcander fcheyden fondereen clootfcheform te blijvé,ge
nouchfaem als eë Lichtbaer hoop a1fché die deur dewint int wilde wechvliegb~ 
'Verfpreyt en cinfichtbaer wort: Nu dan de natuerlicke reden willende dalmen 
raelate, foodanighe ghelijcke lichten ghe1ijcke eyghenfchappen te hebben, en 

. clatmen voor feker houdt de fwaricheyt der Owaelders hemIien gheen onbe
wecglickheyt te veroirfaken ,men behoort derghclijcke vande fwaricheyt des 
Eertcloots oock te oirdee1en, en fuJcx fchijnt oock t'ghevoelcn van Coptrnicll4 
int 9 Hooftfiick fijnscerfien bouel: : Maerom hier afby vootbeelt noch wat' 
claerder te fpreken, ghenomcn dQt eenighe menfchen verre vanden Eertcloot 
waren, en tiende die blineken als ecn Dwaelder tuifchen d'ander hemelfche 
lichten (weleke c1aerheyt voornameliek fijn moet ter plaets daer t'water vande 
Son befchenen is) dat ymant van hemlien feyde die fierre boven d'ander won .. 
derJick fwaer te we[en, t'iskcnneliek dat d'ander menfchen (fula fonder beo 
wijs ghefeytwefende. en gbcen teyeken van meerder fwaricheyt int een licht 
d,m intander fiende) dien eenen niet ghelooven en fouden: Endealfoo en beo 
hooren wy die op den Eertcloot fi, n. hem noch al de ghene die hier alfoo lèn
der bewijs fpreken, oock niet te gbelooven, 

Belangende t'ghene PIO/nntlld teghen de' tlelling eens roerenden Eertcloots 
voorwent, te weten by aldien fy draeyde dat touen en gheftichten fouden om

. vallen, van weghen de ghew~ldlghe ftrijcking diefe teghen de locht fouden 
doen : Voort dat yet opfpringhcnde, niet ter fe1ve pJaets neer en foude vallen. 
maer foo verr e van datr als den Eertc100l daerenlUifchen verloopcn waer : Al 
dit en mach niet bdlac:n oyt oirfaeck dat na filJck ghefielde de fcJve ongevallen 
fouden moeten volgen met ftelling eens vaften Eertcloots, want nadië më hier 
·neemt dat de locht of den hemel die dé Eertcloot vervangt. niet ep draeyt met
ten Eencloot, ,maer d'een alleen tonder d'ander, [00 falde Jacht 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 revolving 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 
natura! 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 arranged that all the motions of the Planets 
are from West to East, it is contrary to this general arrangement that the mot!on 
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 assigned to the Earth, 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 
flies 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 aPlanet among theother 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 singulady 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 tllan 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 of a 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 Oosten na Westen in the Dutch text read van Westen na Oosten. 
2) Syntaxis I, 7 (Manitius p. 19)' 
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EEN Il01UUNDl EEIlTCLOOT. 2U 
Ecrtc100t vlieghendc even foofiijftegben de geRichlen lhi;ckcn , als den 100-
renden Eertcloot leghen de /lilfiaende locht, want ghenomen dat een fiock 
ovc:reinde gheficken fy in een loop.:nde rivier,en een ander fioek deur een fiil
ftaende water over cinde voort ghedronghcn worde, foo ras als t'water vande 
rivier loopt, t'is toe te laten dauet waler teghen d'een cn d'ander fioek evefiijf 
fal drucken: Enalfoo fouder oock openbaerlick toegaen mctte locht teghen 
de ghefiichten, of de ghefiichten Icghen de locht. Vyt het ghene voorfeyt is , 
foude volghen , dat yet op een vafien Eencloot opfpringhende, niet Ier fclvet 
pI acts weerom neer en {Oude vallen, maeI foo verre van daer als bem de locht 

, daerentu{fchen wech dronghe. Doch fula niet ghebcurende, foo ift noolfa
kclick dat de lochlcloor en den Eertcloot van hem vervanghen ,t'[amen een 
doot maken, die Qleue Relling eens vallen Eertclootsint ghebce1 lUl fiact, of 
mette fielling, eens dr~eyenden EertdooIs int gbebeel draeyt : En wijde~ die 
fulcke vereening.des clOO,lS uy! aerde en locht, fèggen foo !e weren al linep \'aJl 

"een vallen Eertcloot fpn:eél, maer foo niet te fijn als t'verfchil van cen loopen
de i!t~ met hemlien die alfoo haer felven tegenfpreken , foudet ander fwaer val
len te overf;ommen. Ta ,E S L V Y T. Wy hebben dan bcfchreven d'oirden del 
hemelen vandc Dwael~ met ftelling eens roeIende EeIlcloot" na de eyfcb. . ' .' . 

1 VOO R ST' E 1.. 

Te ~erclaren des Eertcloots raerfe! in plaets,·en haer 
feylll:eenighc fiilfiandt, 

Benevens den loop des Eertdoors vaD plaers rot plaers in baef wech,doeridc 
alle jare een keer u yt Wefien na Ooften, daerinu voorftcl af gbefcyt is; Coo 
h«ftièr noch twee in plaets : D' een loop is den dagbelickfchen keer op haer as 
van Wefien in Ooften, maeI om dit röcrfel in plaels by voorbceJt watbreeder 
te verclaren, men mocht fegghen dattet is gheUjck een draeyeDden fiijpReen in 
cen varende fchip, welcke deur I'fchip een Ioerfcl onlfangt van plaets tot plaets. 
maer heur draeying op den as blijft daerentuffchen int fchip op een felve plaels, 
en al[oo metten Eertcloot nieuwelirii. D'ander loop (na dé fin van CuptffJictu 
int 1 J Hooflo.ick fijns 1 boucx) isdufdanich: Te wijle den Eertcloot haer jan
lickfchen keel doet van Wefien na Oofien daer int 1 Hoof[fiick af ghefeytis; 
foodoetfedaerentu1Ièhen op de fclve tijt leghendenvoor[chreven loopeen 
t:eer in placts van Oofien na Wefien, fulde dat hier deur den as gheducrlick na 
een felven oirt{\reckt. Maer om dit roelfelen ftrccking vanden as ghèduerUck 
na een [elven oiIl,te verclaren mette bequaemfiegelijckenisdiemy nu te voo. 
Ien comt, iek fegh aldus: Ghenomen dat ymant opt middelpunt des ront pa
piers van een feecompas fiack een firoykcn , ftreckendc evewijdich meI ten as 
des Eertcloots, dat feecompas llaende in een fchip, varende: neem iek in een 
ronde gracht vaneen Slot of Schans , t'is kenneliet datlet felve 1èbipeen keer 
ghedaen hebbende van plaels tot plaelS ná d'een lijde, Iöo fal daerenruJfchen 
t' com pas in fij n plaets oock eens ghekeert fijn na d'ander fijde,dats teghen den 
keer vant fchip ,en fulcken ghedeelte censkeers t'felvc fchip gbedaen heeft na 
d'een fij de , foodanich ghedcelte fal ooek het feecompas ghedaen hebben na de 
ander fijdc, blijvende het bovefchreven firoyken ghe4ncrlick evewijdichmet
tcn as des Eertc100ts : En alfoo falmen derghdiickc: oode verftaen vanden loop 
des EertdooIsin haer wecb, welcke te wijle fydaereeil keer doet, foodraeydè 
cen keel in haer plaets I egben den \'oorgacndcD keers cn blijvende den as altijt 

, y 3 nacca 
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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 
Eartb 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 tbedifference tbat it moves, it would be difficult for otbers to agree with 
those who thus contradict themselves. CONCLUSION. We have thus described 
tbe arrangement of the Heavens of the Planets on the tbeory of a moving Earth; 
as required. ' 

2nd PROPOSITION. 

To expound tbe motion of tbe Earth in its place, and its magnetic rest. 

In addition to the motion of tbe Earth from place to place in its orbit, performing 
every year one revolution from West to East, as has been described in the lst 
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 l(S 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 ship 
in the same place; and the same is, the case with the Earth. The other motion 
(according to Copernicus in the 11th Chapter of his lst book) is as follows: 
While the Earth performs its annual revolution from West to East" which has 
been described in the lst Chapter, in the same time it meanwhile performs, 
against the aforesaid motion, a rotation in its place from Eist 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 tuening from place to place towards one side, in the mean time 
the compass in its pI ace will also have made one turning towards the other side, 
i.e. against tbe tuening 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 
oebit: while it performs one revolution, it rotates once in its place against the foemer 
revolution, tbe axis always ten ding in tbe same direction. This is, I think, 
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De magiJO 
"'4glUfe 
ft/1/IIY. 

2S4 DER HEMEtEN GHEDAENTE MET 
na een feh'en oju Arcckende. Dit meyn ick te wefen den rechté fin vant roer· 
fel des Eertc100lsdeur CopernicH4 befchrevcn. en met ern figuere vercJaert iut 
11 HoofdHek fijns «rfico bouex, Maer want dit roerfel van hem aldus een
voudclick ghefeyt won fonder eenighe nalUerJicke reden of bewijs , foo heeft 
my delè ftelling langhen tijt int ghedacht ghequollen. overmidts alle Hemel
fche roerfels diemen cveras veruert en op malcandèr doet paffen, ghtlijckmen 
de rayers van een uyrwerck doet over een commen ,my niet en bevallen, als 
niet fchijnende inde oatuerte bdlaen : Nochtans moefi diuoerfd footoeghe. 
·Iaten fijn. om al d'ander natuerlicke overeeneomminghetl die uyt fielling des 
roe~enden Eertc100ts \'olghen eeri feker groDt te gheven : Doch is daer na int 
licht ghecommen het bouek vanden grooten * Eerrdootfchen fcylfieen, be. 
fchreven deur Guiiie/mll4 Gi/bertlM , waer in de naruerlicke ·oirfaeek defes roer
fels,mijns beduockens ghetroffen en gheopcnbaert is, waer afick hierde fom- . 
me int coue fiellen fal : Men bevint inden Eertclootfoo ~roOlc mcnichre van 
1èylfieen , en ander (loffen met feylfteenfchc cracht (als yfergheberchten die 
overal leer meniehvuldich fijn,en altemael dien aen hebbe) datfc als een groo
ten feyWeen in heur de eyghenfchappen heeft diemen vint inde deene doot
kens van feylficen gemacckt, wam fulek een met ccrek c100tfche w i,fe foo be
fet wefende, dauet int water hangt ge!ijck de: E~rtdoot inde locht, alf Jan en fal 
den noonfehen afpunt nier alleen na t'Noorden wijfen , gehjckr mette beft re. 
ken fc:ylnaeldë toegact , maer den heden as fielt heur evewijdich met des Eert
dOOlS as, te we!<.'n den Noorderfehen afpunt des fieens na t' NOordë. , den Zuy. 
derlèhen na I'Zuyden: Voorr foomen opt feylfieenclootkcn fiçlt feylnaelde. 
kens, ghelijck ghemeeneJick inde drageJicke Sonwijfcrkensfijn,mcnbcvintfe 
daer op fulekc ri;linghen,afWijckinghen,beweginghen, en eyghenfchappen te 
!lebben, als op dengroolen Eèrtcloor. Noch heeft de1ègroolc gemeenfchap 
ghelcert d' oirfaeck vandc ongeregelde wijckinghen der f\:y Inac1de vant Noor
den , daer veel menfchen al \'erwonderende-hun gedachten dus langhe me be
~ommeIt hebben, want alfmen neemt een doot van feyUleel) met putten 
daer in, en datmen een feylnaeldeken fieh niet bovell t'middel des pms daett 
rechte Noo~twijfing hebben can. maer by de kant na t'Oofien , het lal Oofie
licken, maer ghdlelt fijnde bydecant naWeften, 'al Weftelicken , IlU want 

. den Fertdoot oock fuleken fcylftcencloot is met diere pUllë der zeen,in wiens 
beweghende water de bovefchreven kyHkenfchen acrr niet fijn en can, foo 
bevimmcn wel rechte Noortwijfing ontrent hel middel der gloore zeen,als in 
de Oceane luifchen Americacn Eurcpa,maer op de oofilijde na Europa com
mende de naelde oofielickt, en wefiwaert na America fy weftelickt : De feh·c 
reden isoock \'oor groote uytftekende punten van Landen, als (abo de BL1na 
Efperanca en meer ander, waer af den Schnjver inde laet'ne Hooflfticken fijns 
vierden bouex v,·rfcheyden voorbeelden fielt. 

Nu dan den Eertcloot in heur hebbende defen feylfteenfchen aen,foo moe
. tel bovefchreven roerfd (te weten eens jaerlickfchëkeersin pJaetHan Oollen 

na Wefien , fulex dat den as gheduerikk na een felven oirt fireckt) alfoo noot-
fake lick wefen.. . . . 

Tot hier toe is dere feylfteenigen aert des Eertcloots genoemt een draeyen. 
de roerCèl,om mijn voornemen beter te verclaren,maer acht nemende op r'ge
ne iek voorder fegghen wil t vinde bequamer dat te heeten feylfieenighe fbl
fiandt,óm defe reden: Ick heb hier vooren ghefeyt dat hemeJkhe rocrfels die. 
men everas verliert, en op ma lcan der doet'paffen, my niet en gevallen, als nice 
khijnendcinde natueue bcfiaen , nochtans, mocht ymantfegghen. fulcx Dil 

tc blij'-
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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 llth Chapter of his first book. But 
since this motion is thus simply described by him, without any natural argument 
or proof, this supposition long troubied 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 for all 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 Gllilelmus Gilbertus 1), 
in which the natural cause of thismotion in my opinion is hit oH 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 sphere is covered with 
cork in the formof a sphere, 50 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 
needies, 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 needies, as they are generally present in portable Sun-dials, they are 
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 needies 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 needie, not over the' centre of the pit, where 
it can point straight towards the North, but sideways towards 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 movingwater the above-mentioned magnetie 
charaeter cannot be present, straight Northward pointing indeed is found about 
the middle of the great seas, such as in the Oeean between Ameriea and Europe, 
but when we get to the East, towards Europe, the needie deviates towards the East, 
and when we get to the.W est, towards Ameriea, it deviates towards the West. The 
same reason also holds for large protruding points of land, such as Cabo de Bona 
Esperança, and others, of which the Author gives several examples in the last 
Chapters of his fourth book 2). 

The Earth therefore having this magnetie character, the motion deseribed above 
(to wit, that of an annual rotation in its plaee from East to West, such that 
the axis eonstantly tends in the same direction) must be neeessary. 

Up to this point this magnetie eharaeter of the Earth has been ealled 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 ~t more suitable to eall 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 Nouá (London, 1600). 

Z) This refers probably to The Hauen-Finding Art (Work XI, i 25). 
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EE N R.OE REN DE Ela TCLO OT. 2H 
re blijeken met des Eertc!oOfS bove{chreven foodanige tWee even rocrfcls. lek 
antwoorde hier op datmen dit tWec even roerfels noemen mac:h die op m:11. 
ander paffen, om, als voorfcytis , devoorghefielde faeek bcquamelicker me 
te verclaren , maer om eyghentlicker te (preken foo foudanenl beter des Eert
clOO1S feylfieenighe rulfianr heeten, fulc.x dalfe heur de keering haers weehs 
niet an en tIeelt: Als by voorbeelt ,de affe daer ecn feylnaclde in flaet, een 
keer omghedraeyt fijnde ~a de rc:chterfijde , darmen foude feggen de fcylnael
de daerentuffchen een keer gedaen te hebben na de flijnckel fijde, ten wacr niet 
foo eyghentlick ghefprokcn als te 1ègghen datfe Oit flaet ) {onder heur de kle
ring der affe an te uedë: En alfoooOck metten Eertclootin haerweeh:Sulcx 
dat t' gene iek tot hier toe genoemt hebbe des Eertc1ools-,cweedeloop in plaers, 
dat heet iek na het inhoudt vantopfchrifi defes voorficls'reylfieenige Oilfianr, 
als wefende een woon dat ghenouch fdlijm uyt te beelden de manier van fiil
flant diedér int voorgaende gh,meent is, cn int volghende ghemerckt (al 
worden, Merckt noch dar alfmen delè feylfieenighe ftilfiandr roerfcl noem
de, foo fouder een IOCJfel fijn leghen t'\ ervolgh der trappen, t'wekkdcu1 Gch 
felfs be{laende ick niet en fie in eenighe hem~len te ghebeuren. 

TB E S L V Y T. Wy hebben. dan verdaclt des EeIlcloots rocrfe1 in plaers,en 
baer feylft«nighe ftilftant, na den ey(dt, . ' 

3 VOORSTEL. 

Te vèrclarcn de feylfieenighe flilfiant der Dvvaelders 
vveghen en haerhemelen. '. 

Defe eyghenfchap van fcylfta:nighe ftiJfiandt el\is niet alleen inden Eert. 
claot als vooren, macr oock (dienende t'c~ tot brceder bevefiw.g vam ander) 
in haer wech,alsop.entlick blijckr deur t'\'erftepunt des felfden, t'welck om dE 
Joop van Mars hemels wille daerden Ecrtc100r af\ervangcn is, cn in gedlegen 
WOrt, te twee jaren een keeN oude moeten doen, dat nochtans niet en gh.e
beun foode ervaring ken, dcurwelcke men bevint datler veel jaren verloo. 
pen eert 1. tr. \"oordert, en is byeans al oft fiil fionde , wa er uyrmen befluyteIi 
mach niet alleen den Eertcloot, maer oock haer heden wech den fey lfteen
fehen aen te hebben: Ia dattet om derghelijeke reden alfoo toegaet meI dcken 
wech van d'ander Dwaelders, diens velfiepunren geen roerfdencrijgen van
de hemelen haer omvangende,fo merckelicxl blijckt in Mercurius wcch,dicns 
verfiel'unt uyt oirfaeek van Venus wechs keering feer fne\lick foude moeten 

_ ommedraeyen, te :Uj daghen een keer doende, en noch foo veel rafICher als 
dan ve10irfacckt wierde deur al d'Bnder Dwaelders hemelen die daer boven 
d'ecn d'ander begrijpen, al t'welck Diet en ghebeurt, want Mercurius wechs 
verfiepullt foo flappen voorrganck heefl ~Js al d'ander, 

Noch is te weten defen aert der (eylfieenighe fiilfiandt niet alleen te fijn in 
der Dwaelders platte weghen als boven,maer ooek inde hede heme1{che eloo
ten daeI fe in ghedteghen worden, fula dat haer affen (gelijck vooren int twee
de \'oo1ftel vallden EertdooIs as ghefeyt is)geduerliek na eenfel ven oirt firee
ken, want fooder die feylfittDighe fiilftandt niet en waer.de twee afpuuten des 
Hemelclools die den Eertdoot waechl,en fouden niet opeen felve plaets blij
ven,maer te twee jaren fulcken rondl moerë befchrijvé, als deur Maenswechs 
afwijcking van den duyfieraer veroirfaeckt wierde:Of .tDders ghefeyr,den Eert
,loot en foudeniet gheduerlickfondeI brcedc blijven int plat datmen \"Oot: 

. . y + duy. 
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imagined equally fast and made to fit into one another does not satisfy me, 
as not seeming to happen in nature; yet someone might say that this now is 
evident from the above-mentioned two equal motions of the Earth. To this I reply 
that we may call them two equal motions which fit together, in order - as has 
been said before - to set torth the object in view more properly therewith; but 
to speak more truly it would be better to call it the magnetic rest of the Earth, 
meaning that it does not take account of the revolution in its orbit. For example, 
if, the box in which a magnetic needie is contained having performed one 
revolution to the right, it should be said that the magnetic needie had meanwhile 
performed a revolution to the left, this would not be as true a statement as 
saying that it stands still without taking account of the revolution of the box. 
It is the same with the Earth in its orbit, 50 that what I have hitherto called the 
second motion of the Earth in its place, according to the wording of the heading 
of th is proposition I call magnetic rest, this being a word that seems to denote 
sufficiently the kind of rest that is meant in the foregoing and is to be noted 
in the following. Note also that if this magnetic rest were called motion, it 
would be a motion contrary to the order of the degrees, which as existing in 
itself 1 do not see happening in any heavens. 

CONCLUSION. We have thus expounded the motion of the Earth in its place 
and its magnetic rest; as required. 

3rd PROPOSITION. 

To expound the magnetic rest of the Plan ets' orbits and their heavens. 

This property of magnetic rest resides not only in the Earth, as said above, 
but also (the one serving to confirm the other more fully) in its orbit, as is 
evident· from the apogee of the latter, which - because of the motion of 
Mars' heaven, within which the Earth is contained and carried - would have to 
perform one revolution. in two years, which nevertheless does not happen, as 
experience teaches, by which it is found that many years e1apse before there 
is a progress of 1°; and it is almost as if it stood still; from which it may be 
concluded that not only the Earth, but also its whole orbit has a magnetic character, 
nay, that for similar reasons the same holds for any orbit of the other Planets, 
whose farthest points do not acquire a motion from the heavens containing them, 
as is most apparent in Mercury's orbit, whose farthest point on account of 
Venus'orbital revolution would have to revolve very fast, performing one 
revolution in 225 days, and even so much more fast as would be caused by the 
heavens of all the other Plan ets which are above and contain one another - all 
of which does not happen, for the farthest point of Mercury's orbit has just as 
slow a progress as all the others. 

It should also be known that this character of magnetic rest resides not only 
in the plane orbits of the Planets, as said above, but also in the entire heavenly 
spheres in which they are carried, such that their axes (as has been said above in 
the second proposition of the Earth) constantly tend in the same direction. For 
if this magnetic rest were not present, the two polé; of the Heavenly Sphere 
carrying the Earth would not remain in the same place, but in two years would 
have to describe a circle such as would he caused hy the deviation of Mars' 1) 
orbit from the ecliptic. Or in other words, the Earth would not constantly remain 

1) For Maenswechs in the Dutch text read Marswechs. 
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duyfteraer houdt, mae:r fomwijlen daer af (00 groote afwijckinghen hebben 
als Marswech vande:n duyfieraer heeft. Ende fulex als hier ghefeyt is "anden 
Hemclrdoot die den Eertdoot draecht, (almë oock verfiaen op de Hcmclcloo_ 
ten van al d'ander Dwaelders ,onder welcke dere feyUleenighe .fiilftandt inde 
Manens hemel feer merckelick is, overmidts het vefLlepunt hem dë jaerlick. 
fehen keer die den hemel int volgen oflcyden des Eertcloots niet an en treckr. 
Oock is te gedeneken dat inde breedeloop vande onderfie Dwaelders fuleken 
ongheregheltheyt roude moeten wefen als veroir(aeckt wiede uyt de men
gheling van al de verrcheyJen afwijckinghen der Dwaclderweghcn die boven 
hemlien fijn: Al t'welck nietghebeurende (ghelijck grondelicker fal blijeken 
deur de volghende befchrij ving \'ande een voudighe oirden diefe inbrecdeloop 
houden) foo valter uyt te bdluyten , deren ghemeenen acH der feylficcnighe 
ftilllandt niet alleen te wefen in der Dwae1ders· weghen ,maer oock geheelick 
in haer Hemclclooten. 
. Merckt noch dir: Alfmen mette: bef eh tij ving der DwaeldersHemelen (ulc
ken oirden wilde volghen als Coperni&l/4 int 1 J Hooftfiick lijns_cerfren boucx 
mette be:chrij ving des Eertc100ls ghedaen heeft, we\cke hier verhaelt wiCII in 
het 2 voorftel, men foude moeten aldus (egghen:Te wijle Iupiters hemel heut 
dertichjatige keer doet van Weften na Ooften diefe van Sarurnus hemel om .. 
fangt, (00 doet(e daerentuffchen op de felve tijt teghen den vOOIfchreven loop 
een keer in plaets van Oofren na WeLlen, (ulex dat hier deur den as gcduellick· 
na een felven oirt fireckt. Maer my dunckt om de voorgaende redenen vel
fta-enlickcren natuerlicker,dit in plaets van foodanich.roerfel te noemen feyI
fteenighe ftilftandt, te meer dat Opt loerfel van .d'onderfie Dwaelders als 
neem ick van Mercurius, meel (oude moeten gefeyt fijn dan van Venus loop, 
ghemerckt het foude moelen wefen de fomme der loopen VaAl al de Dwae1. 
ders dicdel boven fijn. 

Noch moet ick [eggen dat ick over een tijt van defen handel onbcfioten ge. 
dacl:~ten hadde, houdende tel eender fijdc VooI ghemeene IegheJ , dat alle be. 
grepen die wech henen moet daer hem lijn begrijpende draecht, waeruyt vol
ghenfoudedat e\ek Dwaeldereenrocrfcl moe ft hebben ghemengtuytalde 
roerfels der Dwaelders die boven hem fijn: Ter ander lijde (ach ick metter daet 
t'verkeerde ghebeuIen : Dit dede my denckenoft foude meughen fijn dat·de 
Dwaeldels niet en waren in Hemelen ghehccht , maer deur de locht vloghen 
ghelijck de vogbelen om een torre,fondet herroerfel van d'een,ant roerfc:l van 
d'ander eenige beweeghnis te veroirfaken,waet tegen ander redenen my weer. 
om anders deden vermoeden: Maft gecommen lijnde ter kennis vande voor. 
gaende eygheofehap die kk feylfteenighe fiilfiandt noem, dietwijffelachtighe 
ghedaehten namen daer me een einde. TB E S L VY T. Wy hebben dan ver
c1aen de feylfieen ighe ftilfiandt der Dwae1ders weghen en haer Hemelen, na 
den eyfch. . . 

4 V OORS TEL. 

Te feggen vande plaets der erachten die den Eertdoot, 
vveghen, en Hemelen der Dvvaelders in haer feylfieeni-
ghe fiilfiandt houden. . 

De erachten die den Eerrcloot, weghen , enHcmelsder Dwae1ders in haer 
feylfieenighe ftilftandt houden (welde erachten men by verftaenlicke ge1ijc. 

kenis 
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with latitude zero in the plane that is taken for the ecliptic, but would sometimes 
have as great deviations therefrom as Mars' orbit has from the ecliptic. And the 
same that has here been said of the Heavenly Sphere carrying the Earth is also 
to be understood for the Heavenly Spheres of all the other Planet~, among which 
this magnetic rest is very considerable in the Moon's heaven, since the apogee 
does not take account of thè annual revolution which the heaven performs 1) 
in following or· leading the Earth. It should also be remembered that in the 
motion in latitude of the lowermost Planets there would have to besuch 
irregularity as would be caused by the combination of all the different deviations 
of the Planets' orbits that are above them. Since all this does not happen (as 
wi!l become more fully apparent from the following description of the simple 
order they keep in their motion in latitude), it may be concluded therefrom that 
this general character of magnetic rest resides not only in the Planets' orbits, but 
also altogether in their Heavenly Spheres. 

Note also the following. IE in the description of the Planets' Heavens we wished 
to follow the same order as CopernicuJ has done in the llth Chapter of his 
first book with the. description of the Earth, which has here been re1ated in the 
2nd proposition, we should have to say as follows: While ]upiter's Heaven 
performs its thirty years' revolution fromWest to East, which it receives from 
Saturn's Heaven, it performs meanwhile in the same time, contrary to the aforesaid 
motion, a rotation in its place from East to West, so that the axis thus tends 
constantly in the same direction. But for the above reasons it seems to me more 
intelligible and more natural to call this, inste~d of s~ch a motion, magnetic 
rest; the more so because with regard to the mo~ion of the lowermost Planets, 
such as, for example, Mercury, more would have to be said than on Venus' 
motion, because it would have to be the sum total of the motions of all the 
Plan ets that are above it. 

I also have to say that for some time I was undecided in my mind about this 
matter, holding it on the one hand a general mIe that all bodies contained by 
other bodies must take the course in which their containing bodies carry them, 
from which it woald follow that every Planet must have a motion consisting of 
a combination of all the motions of the Planets that are' above it. On the other 
hand, in practice I saw the reverse happening. This caused me to think whethel 
it could be possible that the Planets were not attached to Heavens, but were 
flying through the air like birds about a tower, without the motion of the one 
causing any change in the motion of the other; but other reasons again made me 
think differently. But when I had gained knowledge of the foregoing property, 
which I call magnetic rest, my doubts were resolved. CONCLUSION. We have 
thus expounded the magnetic rest of the Plan ets' orbits and their Heavens; 
as required. . 

4th PROPOSITION. 

To speak of the place of the forces which keep the Earth, the orbits and the 
Heavens of the Planets in their magnetic rest. 

The farces which keep the Earth, the orbits and the Heavens of the Planets 
in their magnetic rest (which forces, by an intelligible comparison,might be 

1) This or some such word must have been omitted in the Dutch text. 
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ken is yders fcyltleen modlt noemen) lèhijnen ahc:mael,uytghenomen vande 
Maenwech, te moeten wefcn buyten de Hemelen der Owaelders. Om van 
t' welck by voorbceh te fpreken. foo ymant een fcylfieen (als ueckeride eraeht 
der feylnae1de) leydeindecafi"e daer een fèylnaclde op de pinne in ruft, de fc:lvc 
ca(fe ghekeerl wefende • foo en föudede' naelde niet ghcduedick na ecn klven 
oilt wijfen • maer alti;t lIa den kytRccn gheneycht fijn, om dat de ttukcndê 
eracht relf me draeyt : Ende alfoo oock by aldien de treckcnde erachten die den 
Eerrcloot en baei heelc:n Hemel in die flant houden, waren binnen'haer.caffe, 
dats Mars Hemel. en daer in me voorrgbedlegen wierden, des EertcJoorWechs 
verllepunt foude den loop van Marswceh erijgheo te tWee Jaren eens omme
Joopende. ' Doch want fulcx niet en ghebcun. Wo ift dacr voor re houden dat 
die ueekendc eracht In Mars Hemel riiet en is, noch om dergbelijeke redenen 
in den Hemd van eenighe van d'ander Dwaelders: Maer angbefim baer vcr
tlepunt foo.l men deur ervaring bemerekt. alti;! Ilreckt na ecn fclve plaels 

, tu(fchen de vatte fterren, volghende den tragen loop der felve. foo macbment 
daer voor houden die Ireekende eracht inde ca(fe of Hemel dór valle ftefreD IC 
wefen,en dit niet alleen vande Eertcloot en hacr Hemel, maer oock vaode He. 
melen van al d'ander Dwaclders, uytghenomen foo ghefcyt is de Maen. diens 
wcchs verftepunt ontrent de ncgêil jaren eens ommeloopendedc:ur het 9 voor. 
{lel des I bouCJl, haer treekende eracht roude in een ander ca(fe of JccgeI hemel 
moeren draeyen, en dat fOOI fchijnt lu(fehen Màrs en Iupiler. Maer te wijle 
iek an defe ftof gheeommen ben , fial dacr af met eene noch dit fcgghen: Alroo 
iek bevonden hadde de Maenwechs eyghentlieke verfiepunrs Joop niet te we
fen van 6(9 41 @ fdaeehs na t'vervolgh der trappen. gelijckmen deur ftelling 
ccns vaftenEerlclools bcOuyr, mae[ als uyt fielling eens roerenden Eertcloots 
volght van p, ® :1.7 @ fdaechs teghen t'vervolgh der trappen, ghelijck t'fijn
der plaets bewefen fal worden, [00 gafi O1y vreemt de c:yghentlicke fielling des 
rocrenden EertcJoots me te brenghen , yet ghevonden te worden dat teghen 
t'Vcrvolgh der trappen 'liep: Maer overdenekcnde daer na dat haer treekende 
aacht in c:enigben anderen hemel onnent de neghen jaren als ghereyt is een 
keer dcde nat'vervolgh der trappen. foo doch t my dat hi~rniet teghen de regel 
en ginck , maer eyghentlickalles van Weften na Oofien Ie loopen , en fulck 
fcbijnfd fijn bekende oirfaken te hebben ~ Dergbclijeke oock vermoedende 
vande duyfteringfne loop die niet fdaechs 3 CD ] J @ volgbens de ftelling ccns 
vaften Eertcloors. maer eygbentlick als UYI ftelling eens loCtenden Eertcloors 
volght fdaeehs 1 ti. :&. 19. legen t'vervolgh der nappen, wiens treekende aacht ' 
fchijntghedreghenlefijnin c:cnhoogher tragher hemddan de voorgaende, 
doende ontrcnt de 18 Jaren een keer na t'vervoJgh der trappen. 

TB E S L V Y T. Wy hebben dan ghefcyt vande plaets der erachten die dm 
Eettcloot. weghen • en Hemelen der Dwaeldcf.S in haer feylfteenige tliUlandt 
houden, na den eyfch. 

S VOO RST E L. 
Te verclaren dattet niet nootCa1celick en bJijckt de Son 

middelpunt te vvefen vanden vafte fterrens hemel, maer 
met goede redendaer toe vercóren vvort. 

Ghelijck int Eertclootfchrifi oirboir is op den Eertc100t eenich haJfinicJ. 
dachront te verkieCeo. dat by al de ghcne dievande felve ftofhandelenint ghe. 

meen 



- 141 -

135 

called the loadstone of each) all seem to have to be outside the Heavens of the 
Planets, with the exception of the Moon's orbit. To give an example of this, if 
someone laid a magnet (as attractive force of the magnetic needie ) in the box 
in which a magnetic needie rests on the pin, then, if the box were turned, the 
needie would not constantly tend· in the same direction, but would always incline 
towards the magnet, because the attractive force itself takes part in the revolution. 
And in the same way, if the attractive forces which keep the Earth and its 
entire Heaven in that position were within its box, i.e. Mars' Heaven, and were 
carried along in it, the apogee of the Earth' s orbit would receive the motion 
of Mars' orbit, revolving once in two years. But because this does not happen, 
it is to be concluded that this attractive force does not reside in Mars' Heaven, 
nor for similar reasons in the Heaven of any of the other Planets. But since 
its apogee, as far as is noted by experience, always tends in the same direction 
among the fixed stars, following the slow motion of the latter, it may be 
assumed that this attractive force resides in the box or Heaven of the fixed stars, 
such not only for the Earth and its Heaven, but also for the Heavens of all the 
other Planets, except, as has been said, for the Moon; since the apogee of its 
orbit revolves once in about nine years, by the 9th proposition of the Ist book, 
its attractive force would have to revolve in another box or lower Heaven, such 
apparently between Mars and Jupiter. But now that I have arrived at this subject, 
I will at the same time also say the following about it. As I had found the 
true apogee's motion of the Moon's orbit not to be 6'41" a day, in the order 
of the degrees, as is concluded from the theory of a fixed Earth, but, as follows 
from the theory of a moving Earth, 52'27" a day, against the order of the degrees, 
as will be proved in its place, it seemed strange to me that the true theory of the 
moving Earth should involve that something was found that moved against the 
order of the degrees. But reflecting thereafter that its attractive force in any other 
heaven, as has been said, would perform one revolution in about ni ne years 
according to the order of the degrees, it seemed to me that this was not contrary 
to the rule, but that in reality everything moved from West to East, and that this 
apparent state of affairs has its known causes. And I suspected the same for the 
motion of the line of nodes, which is not 3'11" a day, as according to the theory 
of a fixed Earth, but in reality, as follows from the theory of a moving Earth, 
1 °2'19" a day, against the order of the degrees, its attractive force seeming 
to reside in a higher, slower Heaven than the preceding, performing one revolution 
in about 18 years according to the order of the degrees 1). 

CONCLUSION. We have thus spoken of the place of the forces which keep 
the Earth, the orbits and the Heavens of the Planets in their magnetic rest; as 
required. 

5th PROPOSITION. 

To expound 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. 

Just as it is expedient in Geography to choose on the Earth some half-meridian 
which is generally looked upon as the starting.point by all those who deal with the 

1) This statement is wrong, though it is not a clerical or a printer's error. 
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meen voor begin gchouden wort, daer ~yghentlicker af ghefeyt is inde 4 bepa. 
ling vam 1 bouckdes EertcJootfchrifts, alfoo ift int Hcmelloopfchrift oiIboir 
inde werelt eenich punt te verkiefen, dat al de gene :iie hemlien inde felvc:!llof 
oetfenen voor baer middelpunt annemen: Hier IOC WOrt met ftelling eens va· 
Llen Eerlcloots billiehliek den Eerlcloot vereoren, want alf men bdluyt .den 
hemel der wfte ftencn op hacr middelpunt IC draeyen, foo moet den Eertcloot 
daer an fijll, ofandeIsell foude d'een helft des ghefteelenden hemels niet b0-
ven den fiehteinder noch d'ander helft daer onder fijn, flrijdende teghen d'er· 
,'aring,ghelijck Plo/emell4 dat verclaert int j Hoofiftick fijns 1 boucx. 

A ngaende des werelts middelpunt met fielling eens roerenden Eertcloots, 
daer wort billichlick de Son toe ghenomen, om datfe ghenouchfaem het mid. 
delpunt is vande ronden befchrevcn deur de verftepuDten der Dwaclderswe. 
ghcn, maer t'middelpunt van den hemel der vafte Oenen te wefen machmen 
vermoeden, dan men cant, foo iek meen, nict volcomme\kk bewijfen. Lact 
tot verclaring van dien ABC D den ghefiernden hemel beteyekenen, diens 

A 

~----~-T~~E~. ----------jD 

-middclpun~ "E ,wae! deur ghetrocken is de middellijn BED, en A C recht. 
houekich op B D, fniende de felve in F buytell t'middelpunt E,en op F als mid. 
delpunt fy befcbreven den Eertcloot wech G HIK;. Dit foo fijnde ,'is kenne
lick dat hoewel de booch ABC deender is dan CDA, nochtans angbdien 
het rondt G HIK altijt tot die plaets blijft, en het rondt ABC D fiil flaer. foo . 
fchijnt d'ccn en d'ander booch uyt des Ecrtelootwechs middelpunt F glldien,. 
altijteenhalfronttewefen I ghclijckA Bofden houckAFBaltijteen vieren
deel fehijnt! 'I'feh'e hecfthemoockalfooghefien uy! den Eertc:loottot ydel 
plaets des omtrecx G HIK om darde h.eele middellijn BK ghcen gbcvoelicke 
reden en heeftteghen de half middellijn B E of leghen BH: Men mocht ood.; 
al~us fegghen; nadien den heelen Eertcloots hemel vedeken by deo hemel del 
vafte fierren ,maer cn is als ecn punt, foo en connen wy niet bewijfen de Son 
PleeI middelpunt des yafiefieucns hemel te wefen als het vedlc:punt des 

.. Eert. 
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same subject matter, as is described more properly in the 4th definition of the 
lst book of Geography, so it is expedient in Astronomy to choose in the world 
some point which all those who. pursue this subject takefor its centre. For this, 
on the theory of a fixed Earth, the Earth is justly chosen, for if it is decided 
that the Heaven of the fixed stars rotates about its centre, the Earth must be 
there; otherwise one half of the starry Heaven would not be above the horizon, 
nor the other half below it, which is contrary to experience, as Ptolemy sets it forth 
in the 5th Chapter of his lst book. 

As to the world's centre on the theory of a moving Earth, for that the Sun 
is justly taken, because it is sufficientlynear the centre of the circIes described 
through the apogees of the Planets' orbits; but that it is the centre of the Heaven 
of the fixed stars can be surmised, but in my opinion it cannot be fully proved. 
By way of explanation let ABCD denote the starry Heaven, whose centre be E, 
through which is drawn the diameter BED, and AC at right angles to 
BD, intersècting the latter in F outside the centre E; and about F as centre let 
there be described the Earth's orbit GHIK. This being so, it is evident that, 
though the arc ABC is smaller than CDA, yet since the circIe GHIK always 
remains in that place and the circle ABCD stands still, one arc as weIl as the 
other, seen from the centre of the Earth's orbit F, seems always to be a semi-circIe, 
just as AB or the angle AFB always seems to be a quarter circle. The same is 
also the case, when seen from the Earth in any place on the circumference GHIK, 
because the entire diameter HK has no perceptible ratio to the semi-diameter BE 
or to BH, We might also say as follows: Since the entire Heaven of the Earth 
is but as a point in comparison with the Heaven of the fixed stars, we cannot 
prove that the Sun rather than the apogee of the Earth's orbit or any other 
point contained therein is the centre of the heaven of the fixed stars. Nay, it 
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c1oolwechs. of eenich ander punt daer in begrepen: Ia men macht daer voor 
houden, dat felfSaturnus hemel "erleken by den hemel der vaOe fierren maer 
en is als eea punt,om deCe reden: Haer halfmiddellijn is ontrent de negen mael 
foo lan,kals des Eerlclool hemds halfmiddelJi;n,ghelijck int vf)OtHc1 delès 
3 boua blijàcn fal : Hier uyt volght dat de vaGe fierren ghefien uyt Saturnus 
weeh, çen vcrtèheenficht ofte voor of achuing erijghen,negen mael foo groot 
als. hemlien verfcheenfichl uyt den Ecnclootwcchghdicn , dats !leghen macl 
cen onbemerckelicke fàke, we1cke ooek of onbcmerckelick is; ofimmcrs [eer 
deen moet fijn: Nu dan Saturnus hemel als middelpunt fchijnende des he. 
mels der ftenen, foo Cal dek punt in Saturnus hemel begrepen,meughen ghe
nomen worden voor middelpunt des vafiefierrens hemel, fonderuytmiddcl
punticheyt te connen bemerekt worden, en vervolghens foo en fehijnet niet 

. bevvijCdick de Son meer haer eygentlick middelpunt te wefen dan t'verfiepunt 
. van Saturnus wech, of eenichander in fijn hemel begrepen. . 

Angaende Copern;ç(14 iin 10 Hoofdlick fijns J boucx vracghl, wie in defe 
fchoonfte kereke die lampe in een ander beter plaets 'oude ftellen dan int mid
del, van daer fijt over al ,"amen mach lichten? t'fijn wel bcweeghlicke natuer. 
licke redenen, maer op gheen Mcetconfiich bewijs ghegrom. Soo veel iffeI 
af, by aldienmen eenich ander puut dan de Son • kk neem des ECIIcloOlwcchs 
middelpunt, wiJde houden voor werelts middelpunt, ftellende de Son daer 
ronlom tedraeyen, met een halfmiddellijn even an desEertdoolwechs uyt-

. middelpunticheYllijn, men foude daer op een befchrijving des Hcmell~ops 
conDendoen Conder dwaling,maer de Son voor werelts middelpuntte nemen 
valt gherie\'igher, [00 wel om bcquameJick te leeren de overeeneommin
ghen der ftellinghen eens vaften en rocrendcn Eencloocs J daer hier naaf ghe. 
[ehreven fal worden,als om meer ander ontmoeteode faken die aldus lichter en 
verftacnlieker fijn, T'B ES L VY T. Wy hebbfdan verdaen dattel niet noot- . 
Cakelick en blijckt de Son middelpunt te wefen vanden vaftefterrc;ns hemd. 
mier met goede reden daer toe verc;men won, na den eyfch. 

6V aORS TEL 

Te fegghen vande vervvonderinghen. fondèr vvonder 
der ghene die een vaften Eertdoot fte11en. 

, . . 
Ettelicke der gene die Plokl'/Jtf14 bcfcbrijving der Dwaelderloopen met een 

vaften Eencloot verftaen,en voor recht bouden; verwonderen hun in fommi· 
ghe eyghenfchappen dicCer in mercken : Ten «rften dat Saturnus,lupiter en 
Mars in teghefiam der Son altijt ten nadIen by den Eertcloot commen, maer 
in Caming len verften. Ten tweeden dat haer loop int inront alti;t e!fcn over· 
comt mettet ovcrCchot des Sonloops boven den loop van haer imontS m iddcl. 
punten, Ten derden dat Venus en Mercurius ,'verkeerde ghebcurt. want haer 
loop in t inront en heeft mette Son fulcke overeomriüng niet, maet den loop 
van haer iDIOots middelpunt üfer even me : Dit houden Cy voof~n teye~c~ 
van bcConderheyt des weerdichften Dwaelders de Son J na wiens roerfeldan- ; 
der als na een Koninck opficht nemen en hacr loop vervoughen : J)och .men 
macht houden voor ghedwaeldc*fpiegheIinghen ~\'olghende uyt ghemi.Lleneorji. 
ftelling eens vaften Eertcloots. Maerwant dit gloole gbelijekheyt heeft n!et 
Juyden die het [cheepvaren onghewoon fijnde, ghemeenlick het roerCel van 
h,aeI [chip ander fchepen tOCfebrijvcD , als wanneer fy die teghencommeil~Q 

beDCt:Q 
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may be assumed that even Saturn's Heaven, in comparison with the Hèaven of 
the fixed stars, is but as a point, for the following reason. lts semi-diameter 
is about nine times the length of the semi-diameter of the Earth's Heaven, as 
will appear in the [13th] 1) proposition of this book. From this it follows that the 
fixed stars, seen from Saturn's orbit, receive a parallax or advance-or-Iag nine 
times greater than their parallax when seen from the Earth's orbit, that is nine 
times an imperceptible amount, which is also either 'imperceptible or at any 
rate must be very small. If therefore Saturn's Heaven appears as centre of the 
Heaven of the fixed. stars, any point contained in Saturn's Heaven can be taken 
for centre of the Heaven of the fixed stars, without eccentricity being perceptible, 
and consequently it does not seem possible to prove that the Sun is its true 
centre rather than the apogee of Saturn's orbit, or any other point contained in 
its Heaven. 

As to the fact that Copernicus asks in the 10th Chapter of his 1st book who 
would in this beautiful church pi ace that lamp in any other, better place than in 
the middle, from where it can illuminate everything: these are moving, natural 
reasons indeed, but not based on a geometrical proof. So much is true that if 
one wished to take aay point other than the Sun, for example the centre of the 
Earth's orbit, for the centre of the world, assuming the Sun to revolve about 
it, with a semi-diameter equal to the line of eccentricity of the Earth's orbit, one 
might base on this a description of the Heavenly Motions without any error; 
but it is more convenient to take the Sun for the centre of the world, both 
in order to learn properly the correspondences of the theories of a fixed and 
a moving Earth, which are to be described hereinafter, and on account of other 
matters that may arise, which are easier and more intelligible in this way. 
CONCLUSION. We have thus expounded 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; as required. ' 

6th PROPOSITION. 

To speakof the wondering at what is no wonder, of· those who assurne a 
fixed Earth. 

Some of those who understand Ptolemy's description of the Planetary Motions 
based on a fixed Earth and consider it correct, are astonished at some properties 
they perceive therein. Firstly, that Saturn, Jupiter, and Mars, when in opposition 
to the Sun, always come nearest to the Earth, but when in corijunction, farthest 
from it. Secondly, that their motion on the epicycle always corresponds exactly 
to the surplus of the Sun's motion over the motion of the centres of their epicycles. 
Thirdly, that with Venus and Mercury the converse. takes place, for their motion 
on the epicycle has no such correspondence to the Sun's motion, but the motion 
of the centre of their epicycle is equal to it. They take this for a sign of the 
special character of the worthiest Planet, the Sun, from whose motion the 
others take their guidance as from a King and move accordingly. But these may 
be considered erroneous speculations, resulting from the incorrect theory of a 
fixed Earth. But since this is greatly' similar to people who, not being used. 
to sailing, generally ascribe the motion of their ship to other ships, - such as, 

1) Apparently this number has been inadvertently omitted in the original text. 
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beneen boort ligghen, fonder water oflandt te flCn,fcggben, hoe ras vaert dat 
fchip buyten t'onfe, Ofhun fchip een keer doende, fcgghcn t'ander dat mif. 
fchien ilillight rontom het haer te draeyen ,foo fal iek dit als voorbcelt ghc
bruycken tOl verdaring defer fiof. 

Laet defe feven puntell A, B, C, D, E, F,G,feven fchepen in zee beteyc. 
kenen waeraf A den Admirac:l fijnde fiillight : Mac:r t'fchip D vaelt ghedocr
lick in ccn rondt, daer de drie fcbepc:D A, B, C, binnen fijn, ende drie E, F, G. 

buytë. Dit foo fijn
de, en ymant in het 
fchip D werende, 
meynt na de bove
fchreven ghemeene 
wijfe dartel ftille 
light, m d'ander al 

.E' rondlom hem oo-
I" • ghercgheltdraeycn • 

.En volghende lidck: 
. G' gcfic1de neemt acht 

. op de ~cdacnte des 

. loops, en feght met 
een verwonderen aldus: Wat een vreemde fàeck ifi ,dal telckcmael als een 
dcr drie fchepen E, F, G,comt in een rechte lini van hem over onstotten Ad. 
mirael A ,coo is dan elek van dien ons alti;t ten naefien : En ten \'erncn ,we. 
fende in de fclve rechte lini over d' ander fijde vanden Adàlirael, hoe onghere. 
ghelt oock hun gheduerighe vaert is : Hier uyt bdluyt hy dek dier drie fchepen 
noch te draeyen in een deen der rondt, daer deur fy naelderen en afwijcken, 
hem verwonderende waerom {ulcken keer in tijt feker overcomming heeft 
metten keer vanden Admirac:l : Sghdijcx voor een vrec:indicheyt houdende 
waerom de twee fchepen C B,oock ccn reghel houden menen Admirael,doch 
verkeert vande voorgaende , te weten dat den kèer des gtoote r~nts die fe doen 
om t'fchip D draeyende, in tijt effen overcomt met een keer dcs Admir~cls, 
fcght voort dat fula is ecn teycken van ecrbieding die den Admirael van d'an
der fchepen anghedaen WOlt. 

Dit [00 lijnde, ghenomcn nu.dat een ervaren Schipper wetende hoet met· 
te faeek ghefielt is, tegen fukk een aldus fcyde: Ghy breeckt u hoofl met voor 
wonder te houden daer geen wonder en is, want ons fchip t'weld ghy meent 
ftilte legghen, vaert gheduerlick rondtom de drie fchepen A, B, C, waer uyt 
nootfakelick volght ,dat foo dickwils wy fijn tufièhen den Admirael Aen een 
der drieE, F, G,foo moet ons dan. elek van dien ten n~fien fijn ,en ten vcr
ften alsA tu{l"chen ons en een \'an hemllen is : Inder \'oughen dat die fchepen 
niet cn varen in ronden, met foodanighen verlierden loop, die hun doet naer
deren en afwijcken,noch oock de twee fchepen B, C, in fukke ronden> effen 
overcommende metten loop van", foo ghy meem: Maer men mochtet voor 
onnatuerlick houden dat t'ghene voor de onervarenen alfco fchijm, eyghent
lick nietandeI5en waer .. 

Ende even ee05 foude . een ervaren Hemc1meter tot een onervaren men
ghen [cgghen : G hy breeekl u hooft met voor wonder te houden daer ghcen 
wonder en is • want ons weercltlicbt dats den Eertcloot die ghy meent fiil IC 

ligghen, dracyt gheducrlick rondlom de drie Dwaelders, $on, Venus, Mercu. 
rius, waeI uyt nootlàkelick volghtdat foo diekwüswy fijn tuifchcn de Son en 

een 
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when they meet them while lying below deck without seeing water or land, 
they say: how fast that ship outside ours sails, or, if their ship makes a turning, 
say that the other, which perhaps lies still, moves round theirs - I will use 
this as an example to illustrate this subject matter. 

Let these seven points A, B, C, D, E,. F, G denote seven ships at sea, of 
which A, being the Admiral, lies still. But the ship D continually sails in a 
circIe, within which are the three ships A, B, C, while the three E, F, Gare 
on the outside. This being 50, a man being in the ship D is of opinion, according 
to the above, that it lies still and all the others move irregularly about it. And 
according to this supposition he observes the nature of the motion and, wondering, 
says as follows: How strange it is that whenever one of the three ships E, F, G 
comes in a straight line from it via us to the Admiral A, each of them is always 
nearest to us; and farthest, when it is in this straight line to the other side of the 
Admiral, however irregular their continual sailing may be! From this he concIudes 
that each of those three ships also moves in a smaller circIe, in consequence of 
which they approach and withdraw, wondering why this turning has an exact 
correspondence in time to the turning of the Admiral. Likewise, considering 
it strange why the two ships C, B also have a connection with the Admiral, but 
contrary to the foregoing, to wit, that the motion of the large circIe they perform 
in moving round the ship D corresponds exactly in time to one turning of the 
Admiral, he says further that this is a sign of homage paid to the Admiral by the 
other ships. 

This being so, let us assurne that a skilled Skipper, knowing what is the 
matter,said to such a person as follows. You rack your bra ins in wondering 
where there is no wonder, for our ship, which you think is lying still, is continually 
sailing round the three ships A, B, C, from which it Jollows necessarily that 
whenever we are between the Admiral A and one of the three E, F, G, each 
of those must be nearest to us, and farthest from us when A is between us and 
one of them; so that those ships do not sail in circIes, with such an imagined 
motion as makes them approach and withdraw, nor do the two ships B, C sail 
in such circIes, corresponding exactly to the motion of A, as you think. But it 
might be considered unnatural that what seems thus to the inexperienced should 
not in reality be otherwise. 

And in the same way an experienced Astronomer might say to an inexperienced 
one: You rack your brains in wondering where there is no wonder, for our 
lurninary, i.e. the Earth, which you think lies still, travels continually round 
the three Planets Sun, Venus, Mercury, from which it follows necessarily that 
whenever we are between the Sun and one of thé three: Saturn, Jupiter, Mars, 
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eender drie Saturnus, lupiter, Mars, Coo moet ons dan elck van dien ten nae. 
nen fijn, en tea verfien als de Son tuLfchenonsen een van hemlien is: Inder 
voughen dat die drie Dwaelders niet en draeyen in ronden met foodanighen 
verGerden loop die hun doet naerderen en afwijcken ,noch oockdc twee Ve
nus en Mercurius in fulcke ronden, effen overcommende meue Sonloop foo 
ghy meent, maer men mochtet voor onnatuerlick houden dat t' ghene voor 
d'onervaernen foo fchijm niet cyghentliekandersen waer, 

Noch iLfer by veelen een verwonderenvande feltCaem haCpeling des breede
loops der Dwaelders Saturnus, Jupiter, Mars, Venus, en Mercurius, ghegront 
op fielling eens vanen EencloOts : Maer voJghens de fielling eens roerenden 
Eenclools, Coo en iLfer gheen wonder, dan fijn eenvoudelicke weghen afwijc
kende vanden duyfieraer, ghelijck de Maenwech , waer uyt rekeninghen der 
breede voJghen met kennis der oirCaken, als t'fijnder plaets blijcken fal. . 

TB E S L V Y T. Wy hebben dan ghefeyt vande verwondering hen fonder 
wonder der ghene die een vanen Eertcloot nellen. 

Dit «die Onderfchcyt van der Dwae1ders Hemelen ghedaente ten einde 
fij nde , iek fal nu tonet beftbrijven des loops commen , cn cerft vande langde
loop. 

Z VA N-· 
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each of them must be nearest to us, and farthest from us when the Sun is between 
us and one of them; so that those three Planets do not move in circles with such 
an imagined motion as makes them approach and withdraw, nor do the two, 
Venus and Mercury, move in such circles, corresponding exactly to the Sun's 
motion, as you think. But it might be considered unnatural that what seems 
thUS to the inexperienced should not in reality be otherwise. 

Many people also wonder at the curious jumbling of the motion in latitude 
of the Planets Saturn, Jupiter, Mars, Venus, and Mercury, based on the theory 
of a fixed Earth. But according to the theory of a moving Earth there is nothing 
astonishing, but they are simple orbits deviating from the ecliptic, like the 
Moon's orbit, from which follow computations of the latitudes with knowledge 
of the causes, as will appear in its place. 

CONCLUSION. We have thus spoken of the wondering at what is no wonder, 
of those who asswne a fixed Earth. 

This first Chapter of the figure of the Planets' Heavens being at· an end, 
I am now coming to the description of their motion, and first of their motion 
in longitude. 
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VANDE· LAN.G
DEL 00 P. 

TWEEDE 

ONDERSCHEYT 
DES· DERDEN BOVCX VAN 

des Eertcloots loop en de Son
nens fchijnbaer roedel. 

CORTB.EGRYP DESES 
TWEEDEN ONDEl\SCHJiYTS. 

<"Vier bepalingben fJlen ~(Jlgben ~;er rvtJOrHeUen: T'eerJle~ 
t"71't7,-ll!nm. in à oÎrtJe" bet., tVanJm loop Jes Eerte/oots in batr 
I"fhecb. . .. • 

Heurt/tJeede ~tVPefenJe in d'tJirJen het 8~ dat Je Still met jleUmg mil 

roe,,,,áI,. Eertcloots, Je fe/Ope [chijnbaer duypw/ln"-gdl J ~erbeyl ~ 
tien Emcloot, etltWOr(acbtring OIJIfongt ~ diefo·beefi mttjielJing eetJS~ ... 
Ilen Eertcloots. . 

Het Jerde, t'tI'Pt{ ende is tl oirJen bet 9~ d4t deSE.ertclooMTlfIn wefle4 
punt on., Je feI'Pe dMyJleraerlangde i1 ~ daer de S81I'P11echs tVI'Ijhpur;t mei 
leUi"g eens ~ASien eertcloots onder';'. ., .. 

flet rtlieTde, t·»elcl(.i,? tfoirden';' bet lo~t rcJ'pefeml6de So" met flet
lint. eens ~aiie. Eertcloots in bm tV"Pecbs ~111 tf eerfte bJfrsnt. 
(/In Eerlclool RIet I:w, roeresde fllfling ooe/tjn #"uT 'tI"Pechs ~"'flepunt of 
",ne ha'frtllJt ,;, ~ en [-Irtn Ltllf,de en f'fJOOrt{lIthtring Je S o. ;nhaer 
rvlJech beeft ,Jergbelijc It! Itmgál en 'TIOf1ITIj'AC~ oock.. Je. Eertcloot intJe 
here te bebbe". 

I BE PAL ING. 

\Vefendcde Son ghenomen vaft te fiaen als vveerclts 
middelpunt.en den.Eencloot daer ron tom tedraeyen, in 
een rondt en met een. roerfel even anc rondt en roerièl 
datmen de Son met ftdling eens vaften Eenc1oots.toe
fchrijft: Sulcx heet Llelling eens roerendenEencloots. 

a BE-
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OF THE MOTION IN LONGITUDE 

SECOND CHAPTER 

OF THE THIRD BaaK 

Of the Motion of the Earth and the Sun's Apparent Motion 

SUMMARY OF THIS SECOND CHAPTER 

Af ter four definitions there are to follow four propositions: The first, which 
in the sequence is the 7th, of the motion of the Earth in its orbit. 

The second, which in the sequence is the 8th, that on the theory of a moving 
Earth the Sun acquires the same apparent ecliptical longitude, distance from 
the Earth, and advance-or-Iag which it has on the theory of a fixed Earth. 

The third, which in the sequence is the 9th, that the nearest point (perihelion ) 
of the Earth's orbit is at the same ecliptical longitude where the farthest point 
(apogee) of the Sun's orbit is on the theory of a fixed Earth. 

The fourth, which in the sequence is the 10th, that when, on the theory of a 
fixed Earth, the Sun is at the farthést point (apogee) of its orbit or its first 
semi-circle, the Earth, when assumed to be moving, is also at the farthest point 
(aphelion) of its orbit or its first semi-circle, and that such longitude 1) and 
advance-or-Iag as the Sun has in its orbit, the same longitude and advance-or-Iag 
the Earth also has in its orbit. 

lst DEFINITION. 

When it is assumed that the Sun is fixed as the world's centre and that the 
Earth moves round it, in a circle and with a motion equal to the circle and the 
motion ascribed to the Sun on the theory of a fixed Earth, this is called the 
theory of a moving Earth. 

1) The longitude' 'in its orbit" is reckoned from the apogee. 
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~ BE PA L ING. 

Wefende de Maen ghefielt te draeyen ron tom den roe
rendê Eertcloot,gelijckmêfe anderfins neemcte draeyen 
ron tom een vaften! Sulex heet Maenloop met !lelling 
eens roerend en Eeredoots, 

3 BE P AL ING. 

WefcndegefteltdenEertcloot ee loopen ineen vvech 
even an t inrond t van Sa turnus,Iu piter of Mars, en de fel
veDvvaelders niet in haeCinrondt als meefielling eens 
vallen Eertcloots,maer (er plaets van des in ron ts middel. 
punt: Sulex heet haerloop met ftelling eens roerenden 
Eerccloots, . 

4 BEPALING. 

Wefende gefiel t den Eertcloot te loopen in een vvech 
even an den inrontvvech van Venus of Mercurius; en de 

. felveDvvaelder~ in -haer inronde binnen den Ecrtdoot~ 
:vvech: Sulcxheet haer loop metftellingeensroerenden 
Eertcloots. , . _.. , 

1 VOORSTEL. 

Te befchrijvenden loop des Eertcloots in haer vvech 
opeenghegheven tijt. 

De boucken des Hcmelloops Ploltmtll4 ter handt ghecommen , betuyghen 
. dat de Ouden voor hem een ghebruyek hadden, inde befchri;ving van yder 

Dwaelder te beginnen met fijn daghelickfche loop, Qf anders ghefeyt met fijn 
loop op een bekenden tijt deur ervaring bevonden, welcke, wijfe in reden ghe
gIont fehij nende, iek falfe in dit derdebouck met fielling eens roerenden Eert;' 
doots foo navolghen, ghelijek ick int eerfie mette ftelling eens vaRen gedaen 
heb, Het is dan te Weten dat yder Dwaelder een ander wefentlicke Joop heeft 
dan men hem deur de ftelling eensvafien Eencloots . toefchrijft : T'ghenedaer 
afvanden Eertclootte fegghen valt, t'isdat hy in hem heefi den wefentlicken 
loop diemen in d'ander ftelling de' Son-wefchrijft, weleke int 3 voorftel des 
1 boucx berekent is fdaechs op 59 ® 8.17.13. u, 31.en intnatuerlick jaereen 

. keertedoen. T'B E SL V Y 1'. Wy hebben dan befchrevendenloóp des Een-
doots in haer wech op een ghegheven tij t, na den eyfdJ. . . 

Za' V ER.·' 
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2nd DEFINITION. 

When the Moon is assumed to move round the moving Earth, as it is otherwise 
taken to move round a fixed Earth, this is called motion of the Moon on the 
theory of a moving Earth. 

3rd DEFINITION. 

When it is assumed that the Earth moves in an orbit equal to the epicycle of 
Saturn, Jupiter or Mars, and thesaid Planets do not move on their epicycles, 
as on the theory of a fixed Earth, but are at the place of the epicycle's centre, 
this is called their motion on the theory of a moving Earth. 

4th DEFINITION. 

When it is assumed that the Earth moves in an orbit equal to the deferent of 
Venus or Mercury, and the said Planets move on their epicycles within the Earth's 
orbit, this is called their motion on the theory of a moving Earth. 

7th PROPOSITION. 

To describe the motion of the Earth in its orbit in a given time. 

The books on the Heavenly Motions that came into Ptolemy' s hands declare 
that the Ancients before him were accustomed to begin in the desáiption of 
each Planet with its daily motion, in other words: with its motion in a given 
time found by experience, which method, seeming to be based on good reasons, 
I will follow in this third book on the theory of a moving Earth, as I have done 
in the first on the theory of a fixed Earth. It should be known tha,t each plan et 
has a true motion different from the one ascribed to it on the theory of a fixed 
Earth. What can be said in this respect of the Earth is that it has in it the true 
motion which is ascribed to the Sun on the other theory, which in the 3rd 
proposition of the 1st book has been computed to move 59;8,17,13,12,31 minutes 
a day and to perform one revolution in the natural year. CONCLUSION. We 
have thus described the motion of the Earth in its orbit in a given time; as required. 
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VER Toe C H, 8 voo R S TEL. 

De Son ontfangt met (lelling eens roerenden Eert
cloou,defelvefchijnbaerduyfteraerlangde,verIlcyrvan

. den Eertcloot,en voorofachtring,diefeheeftmet fielling 
eens vallen Eertcloots. 

TG HEG H E VEN. Laet voor eerne ftelling ghenomen worden t'punt A 
. een vaften Eertcloot te bcteyekenen, van A tOt B [y de Sonweeh6 uytmiddel
punticheytlijn, doende na Plo/mum rekening fulcke 417, alifcr de halfmiddd .. 
lijn die B C fy ICOOO doet, mene fclve B C fyop B als middelpunt befchre\'en 
de Sonweeh eDE, waer in C A voortgetIo,"n tot E, [00 is E l'nadlepunr, 
C t'verftepunt, waer an iek voor t'eerfte neem de Son te wefen, wclcke van 
daer gbccommc:n fy tot D. 

Laet voor tweede !telling ghenomen worden den Eertcloot A te loopen, 
en de Son C vafi te naé ; TOl 
defen einde teycken ick in 
CA t'punt F, allOo dal de uyt
middelpuntieheytlijn C F cvé 
fyan AB, en befehrijf op F 
als middelpunt, mette half· 
middelliJn F A, dieevé moet 
fijn mette h,alfmiddellijll 
B C,het roDt A G H als Eert
(Iootwech , diens naefiepunr 
H, verftcpunt A, waer in iek 
neem dé Eertcloot van A ge
commen te fijn tot G, rukx 
datde boocb A G even is met 
de booch CD; Laet daer na 
ghetrocken worden de fes 
rechtelinien A D,G C,C D, 
GA,BD,FG. 

'I'B E GE E RDE.Wymoe
ten bewijfcn dat de valte SOIl 

an C , gefien uyt den loopen. 
E den Eencloot an G ,de fc1ve 

fchijnbaer duyfieraerlangde 
en verheyt heen der loopcnde Son an D,ge6en uyt den vafen Eencloot an A. 

1" B E W Y s. 'I en eerften fegb iek dat werende de Son au C ,en den Eelt
doot an A , t'fy dat men neemt den Eertdoot A vaft te fiaen , en de Son C 100-
pende,of den Eertcloot A loopende, en de Son C vafi, dat ghcett openbaerlick 
int punt des tijls datfe alroo cJek au des anders verfiepunt fijn cen felve [ehijn
baer plaels, en verheytder Son vanden Eertcloot: Maer om te bewijfcn dat 
fula overal gbefehiet , ick fegh aldus: Anghefien de boceh A G even en ghc .. 
lijek is mette booch C D,foo is den * evebeenighen driehouek BC D, el'en cn 
ghc1ijek metten evebeenigen F AG, en daerom den houek BeD, even met
té houek FA G, dats oock A CD met CA G • waer deur de twee even rechte 
linicn D CJ A G cvewjjdeghe fijn. cn de twee Iechte A DJ G C daer tu{fchen 

gheuoc:. 
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THEOREM. 8th PROPOSITION. 

On the theory of a moving Earth the Sun acquires the same apparent ecliptical 
longitude, distance from the Earth, and advance-or-Iag which it has on the 
theory of a fixed Earth. 

SUPPOSITION. Let it be assumed first that the point A denotes a fixed Earth; 
let the line from A to B be the line of eccentricity of the Sun's orbit, which 
according to Ptolemy' s computation makes 417 if the semi-diameter, which shall 
be BC, makes 10,000. With this BC let there be described about B as centre the 
Sun's orbit CDE, in which, if CA is produced to E, Eis the perigee, C the apogee, 
at which I first take the Sun to be, which shall have travelled thence to D. 

Let it be assumed secondly that the Earth A moves and the Sun C is fixed. 
To this end I mark on CA the point F so that the line of eccentricity CF be equal 
to AB, and I describe about F as centre, with the semi-diameter FA, which must 
be equal to the semi-diameter BC, the circle AGH as the Earth's orbit, its 
perihelion being H, its aphelion A, in which I take' the Earth to have travelled 
from A to G, so that the arc AG is equal to the arc CD. Thereafter let there 
be drawn the six straight lines AD, GC, CD, GA, BD, FG. 

WHAT IS REQUIRED. We have to prove that the fixed Sun at C, seen from 
the moving Earth at G, has the same apparent ecliptical longitude and distance 
as the moving Sun at D, seen from the fixed Earth at A. 

PRO OF. Firstly I say that when the Sun is at C and the Earth at A, whether 
the Earth A is taken to be fixed and the Sun C moving or the Earth A moving 
and the Sun C fixed, this gives evidently as regards time that thus each is at the 
other's farthest point at the same apparent place and distance of the Sun from 
the Earth. But to prove that this happens always, 1 say as follows: Since the arc 
AG is equal and similar to the arc CD, the isosceles triangle BCD is equal and 
similar to the isosceles triangle FAG, and therefore the angle BCD is equal to the 
angle FAG, i.e. also ACD to CAG, in consequence of which the two equal straight 
lines DC, AG are parallel, and the two straight lines AD, GC drawn· between 
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ghetrockeri moeten oock even en evewijdeghe weren: Maer A D evewiidegc 
fijnde met Ge, (00 moet de vaile Son C ghdien uyt den loo::,enden Ecn
eloot an G, op de (eh'e plaets (chijncn der loopende Son an D ghcfien liyt dei! 
va1leil EertcIoot an A ; om dat A G noch oock de heele middellijn des Eert
c100twcchs ghcen ghe\'oelelicke reden en heeft totte h:Hfmiddellijn des vafie 
ftcrrecloots. Oock ia openbaer de verheyt G C even te fijn mctte verheyt 
A D, ghemeIckt het twee evewijdeghe fijn tuffchen de twee evewijdege D C, 
A G. A ngaende het derde punt, te weten dat de \'oorofachtring van d'eenen 
d'ander fielIingde CeI\'eis, blijckt aldus: De roerende· Son an D WOrt uytden 
vanen EertcloO! A, (00 veel in den duyficraer Cchijnbaerlick meer achterwaert 
gheficn dan de middelCon (die angheweCcn is me ne lini welcke vande Son
wcchs middelpunt B deur D na den duylleraer fireckt) als den houck A D B 
bedraecht: Maer (00 veel won de vafte Son uyt den roerenden Eeneloot G 
oOck inden duyfteraer fchijnbaerlick meer achterwaert ghefien dan de Middel. 
fon (die anghewefen is mene lini welcke vanden EertcloOl G deur des Eert. 
c100tweehs middelpunt F na denduyfteraer nreckt) om dat A D c\'ewijdegè is 
met Ge, en B D met G F , en \'en'olghens· den houck A D Beven meuen 
houck C G F, waer deur de voorofachtring, t'welck hier achtring valt, van d'eé 
end'ander ftellingde Celvcis. T'B E S L VY T. DeSon dan onrfàngt met -fiel
Hng eens róerenden Eertcloots , de felve fchijnbaer duyfteraerlangde, verheyt 
vanden Eertcloot, en voorofachtriog, dieîe heeft met ftelling eens valh:n 
Eertdoots, ('welck wy bewijCen modiea. . 

9 VOORSTEL. 

Des Eertdootvvechs nad1:cpunt onder de felve duy
lleraerlangde te vvefen daer des Sonvvechs verftepunt 
met fielling eens val1:en Ecrtc100ts onder is. 

T'G HEG HE VE N. Laetde form des S voorftels andermael \'oor t'ghege_ 
ven ghenomen worden, alwaer blijckt H naeftepunt des Eertèlootwechs 011-

der de felve duyfieracrlangde te wc:fen , daer de Sonwechs verilepum C met 
fielling eens vaften EertcIoOls onder is ,want ghetroeken van C (t'welck is de: 
Sonals weerehs middelpunt met ftelling eens roerenden Eertclools) een rech
te Iini clcur haer naeftepuDt H, fy wij ft inden duylleraer f'felve punt der langde 
die angheweCen wort mette rechte Iini ghefrocken van A (t'welck is den Eert_ 
doot als weerelts middelpunt met fielling eens vaften Eertcloots) deur ever. 
fiepunt desSonwechs. TB ESt V Y T. Des Eertcloolwc:chs naeftepuntdan 
is onder de Cel ve duyfieraerlangde daer des Sonwechs verftepunt met fteHing 
eens vallen Eertcloots onder is, t'welck wy bewijCen moefien. 

V ER TOO eH. 10 VOO R 5 TEL. 

Wefende de Son met fielling eens vafien Eertcloots 
in haers vvechs verfiepunt, of eerl1:c halfrondt , den Eert
eloot is met haer roerende ftelling oock in haervvechs 
verftepun t, of eerfte half ron t, en f ukken langde en voor .. 

Z 3 ofa,h-
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them must also be equal and parallel. But when AD is parallel to GC, the fixed 
Sun C, seen from the moving Earth at G, must appear to be in the same place 
as the moving Sun at D, seen from the fixed Earth at A, because neither AG nor 
the entire diameter of the Earth's orbit has any perceptible ratio to the semi
diameter of the sphere of the fixed stars. It is also evident that the distance GC 
is equal to the distance AD, since they are two parallel lines between the two 
parallel lines DC, AG. As to the third point, to wit, that the advance-or-lag is 
the same for one theory and for the other, this becomes apparent as follows: The 
moving Sun at D is seen from the fixed Earth A as much apparently more 
backwards in the ecliptic than the mean sun (which is denoted by the line which 
extends from the centre of the Sun's orbit B through D to the ecliptic) as is 
the amount of the angle ADB. But this amount also the fixed Sun is seen from 
the moving Earth G apparently more backwards in the ecliptic than the Mean Sun 
(which is denoted by the line which extends from the Earth G through the 
centre of the Earth's orbit F to the ecliptic) because AD is parallel to GC, and 
BD to GF, and consequently the angle ADB is equal to the angle CGF, in conse
quence of which the advance-or-lag, which is lag in this case, is the same for 
one theory and for the other. CONCLUSION. The Sun therefore on the theory 
of a moving Earth acquires the same apparent ecliptical longitude, distance from 
the Earth, and advance-or-Iag which it has on the theory of a fixed Earth; which 
we had to prove. 

9th PROPOSITION. 

That the perihelion of the Earth's orbit is at the same eclipticallongitude where 
the apogee of the Sun' s orbit is on the theory of a fixed Earth. . 

SUPPOSITION. Let the figure of the 8th proposition be . taken once more for 
the supposition, where it appears that H, the perihelion of the Earth' s orbit, is at 
the same ecliptica! longitude where the apogee of the Sun's orbit C is on the 
theory of a fixed Earth; for when from C (which is the Sun as the world's centre 
on the theory of a moving Earth) a straight line is drawn through its perihelion 
H, it indicates in the ecliptic the same point of longitude that is indicated by 
the straight line drawn from A (which is the Earth as the world's centre on the 
theory of a fixed Earth) through C, the apogee of the Sun's orbit. CONCLUSION. 
The perihelion of the Earth's orbit is therefore at the same ecliptical longitude 
where the apogee of the Sun's orbit is on the theory of a fixed Earth; which we had 
to prove. 

THEOREM. 10th PROPOSITION. 

When the Sun,· on the theory of a fixed Earth, is at the apogee of its orbit, 
or its first semi-circle, the Earth, when assumed to be moving, is also at the 
farthest point (aphelion) of its orbit, or its first semi-circle, and such longitude 
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2CS6 EEllTCLOOTLOOPS VINOING EN&C. 

ofachtringde Son in haer vvech heeft, dergelijckc lan gde 
en voorgfachtring heeÜ oock den Eertcloot inde hare, 

I .: • • 

Laet de form.es 8 voorilels andermael voor t'gbegheven verfireckcn, waet 
me ick aldus ~gh: Wcfènde de Son met ftelling eens vanen EeIlclools in hael 
wechsC D E \'crfiepunrC, t'isopcnbaerdal den Ecrtcloot.dan met hael roc· 
Knde ficllingood: is in hatr wcchs A G H '"Cl llepuDI A, 

Maer wefende de Son meI ilclling eens vallen Eertcloots in haer ",echs 
eDE eerfie balfrondt eDE an D , t'is openbaer dat den [Cl IdOOl Jan met 
haer roerende fielling oock is in haer wccbs A G H ecrile halfront A G H, 

V OOIt fu\eken langde de Son an D beefr in baer wecb C DE, re weten de 
booch CD, derghclijcke langde heeft oock den Eertclootan G in hacrwech 
.A G H, te weten den boochA G, wantdiee\'enismetC Ddeur t'ghdlelde . 

. "J~~ lKlften fukken achtriogA DBde Son D, hecfiin hacrwrchCD E, 
desghelijckeaehtring hecfi ~: den Ec:rtcloot G, in haer weeh A G H , want 
den houek der achtting A D B, is cvcn metten houek C G F. 

T' BEs L V Y T. Wefende dan de Son met fiellingeens vafien Eertclootsin 
haer wechs \,er(kpunt , ofc:nfie halfront,den Eencloot is met haer roeiende 
fieUi ng oock in haer wechs verfiepunt of eeIfie halfront, en (ukken langde. en· 
\'OOfofachtring de Son in baer wcch beeft, dergbclijeke langde en voorofach. 
tring heeft oock den Ec:ncloot inde haIe , t'wclek wy bewijfen mocnen. 

VER VOL G H. 

Anghefien den Eettcloot mette roerende fic:lling altiit tOt fukken plaets 
haers w~chsis, als de Son met nelling eens vaften Eertc\oots inde hare, foo 
\lolgbt daer uyt dat tot fukke drie plaetfen alfmen de Son in haer w(eh neeOlt 
te wden om dacr deur de uyunidde\punrieheyt te berekenen, 101 fulckc drie 

. plaelfen moet ooek. den F.errcloot wefentlick fijn. fulcx darmen met haer 100-
pende fielling foude moghen berekenen de felvc uytmiddelpunticheyt, merf. 
gadersde dfening der dagben , en alles watter int tweede bouek deur fielling . 
eens vallen Ecrtc\oots berek.ent wort, maeI ficb in fulcke rekeninghen een va. 
ilen Eencloot int ghedacht te prenten valt gherievigher, om de redenen die 
t'haerder placts brccdct '" eldacn fullea wOIden. 

DERDE 
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and advance-or-lag as the Sun has in its orbit, the same longitude and advance-or
lag the Earth also has in its orbit. 

Let the figure of the 8th proposition serve once more for the supposition, so 
that I say as follows. When the Sun, on the theory of a fixed Earth, is at the 
farthest point (apogee) C of its orbit CDE, it is evident that the Earth, when 
assumed to be moving, is also at the farthest point (aphelion) A of its orbit ACH. 

But when the Sun, on the theory of a fixed Earth, is in the first semi-circle 
CDE of its orbit CDE at D, it is evident that the Earth, when assumed to be 
moving, is also in the first semi-circle ACH of its orbit ACH. 

Further, such longitude as the Sun has at D in its orbit CDE, to wit, the arc 
CD, the same longitude the Earth also has at C in its orbit ACH, to wit, the 
arc AC, because this is equal to CD by the supposition. 

Lastly, such lag ADB as the Sun D has in its orbit CDE, the same lag the 
Earth C also has in its orbit ACH, because the angle of the lag ADB is equal 
to the angle CCP. 

CONCLUSION. When the Sun therefore, on the theory of a fixed Earth, is at 
the apogee of its orbit, or its first semi-circle, the Earth, when assumed to be 
moving, is at the aphelion of its orbit, or its first semi-circle, and such longitude 
and advance-or-lag as theSun has in its orbit, the same longitude and advance-or
lag the Earth also has inits orbit; which we had to prove. 

SEQUEL. 

Since the Earth, when assumed to be moving, is always in the same place of 
its orbit as the Sun in its orbit on the theory of a fixed Earth, it follows therefrom 
that in such three places as the Sun is taken to be in its orbit in order to compute 
the eccentricity therefrom, in the same three places the Earth also must be in 
reality, so that when it is assumed to be moving, this eccentricity might be 
computed, as weU as the equation of time, and aU that is computed in the second 
book on the theory of a fixed Earth; but it is more convenient iri such computations 
to impress on one's mind a fixed Earth, for the reasons to be set forth in 
their place. 
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DERDE. 

ONDERSCHEYT 
DES DERDEN BOVCX VAN 

de Manens Iangdeloopmetftd .. 
ling eens· roerenden 

Eertcloots. 

CORTBEGRYP DESES 
DERDEN ONDERSCHEYT~ 

•

' It áerdeOnderfiheyt [al. t"P'Vee rvoorfleUen hebben:T·eer!le. 
, . . "lI"Pefènde in d'oirdenhet 11 > om op een gheghe'Ven tijt den loop 

. des c'JI.1aenwechs rverflepunts en der duyflering[ne tet"tJin. 
den> deur tV'Viflonilighe rciverckjng ghegront op fteUing eens 

roerende'J Eertcloots. . .. 
Hett'V'Veede."lI"Pefende in d'oirden het 12 >dût de lMaen met jleUing 

eens roerenden Eertcloots de fel"Pc fchijnbaer duyneraerlangde en rverheyt 
t"tJanden Eertclooj ontfongt> dieft heeft met fleUing eens rvaflen Eertcloots~ 

11 VOORST EL~ 

Te vinden op een gegeven tij t den loop van des Maen .. 
vvechs verfteput,en der duyfteringfne, deur vvifconftige 
vvercking gegront op ftelling eens roerendé Eertcloots. 

1 Voorbeelt~an/'vinden des Maenvvechs verflepf.lntJ 
middeUoop. 

T' G HE G HE VEN. Het is den tijt eens dachs. TB E GHE ER DE. Men 
wil dJt~r op gbe\'onden hebben des Maenwechs verllepunts middellocp in 
fchijnbaeI duyftc:tacrlangde , ghcgront op llel1ing eens Ioclcndell Eencloots. 

'I' WE R C K~ 

Des EertcloQts middelloop doet deur het 3 vobrlle1 des 
1 boucx (welvcrllaende dat de getalé des Sonloops 
aldaer befchrevé hier om bekende reden voor Eelt. 
c1ootsmiddclloopghenomenwoden)fdaechs otr.$9. 8.J7.J3.U·3J~ 

Daer af ghétrocken de middelloop der voordering die. 
men des Maenwechs verftepunt met ftelling cens 
\'allen Eertc100ts bevillt te voorderen in fchijllbacr 
duyl1eracrlangde op 1 dach, bedIagbcndc deur het 
11 voorfteldcSl b~ug: Oir. 6.+1. J.1S.38.U. 

Z..· BJi}ft 
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THIRD CHAPTER 

OF THE THIRD BaaK 
Of the Moon's Motion in Longitude 
on the Theory of a Moving Earth 

SUMMAR Y OF THIS THIRD CHAPTER 

155 

This third Chapter is to contain two propositions: tbe first, which in the 
sequence is the 11 th, to find in a given time the motion of the apogee of the 
Moon's orbit and of the nodes, by mathematical operations based on tbe theory of 
a moving Earth. 

The second, which in the sequence is the 12th, that on the theory of a moving 
Earth the Maan acquires the same apparent ecliptical longitude and distance 
from the Earth that it has on the theory of a fixed Earth. 

llth PROPOSITION. 

To find in a given time the motion of the apogee of the Moon's orbit and of 
tbe nodes, by mathematical operations based on the tbeory of a moving Earth. 

1st Example, of tbe Finding of the Mean Motion of the 
Apogee of the Moon's Orbit. 

SUPPOSITION. Let the time be one day. WHAT IS REQUIRED. It is 
required to find in this time the mean motion of the apogee of the Moon's orbit 
in apparent ecliptical longitude, based on the theory of a moving Earth. 

PROCEDURE. 

By the 3rd proposition of the 1st book the mean motion 
of the Earth (it being understood that for known reasons 
the figures of the Sun's motion there described are taken 
for the mean motion of the' Earth) in one day is 0°;59, 8,17,13,12,31 

When from tbis is subtracted the mean amount of the 
advance which the apogee of the Moon's orbit is found 
to make, on the theory of a fixed Earth, in apparent 
ecliptical longitude in 1 day, which by the llth propo-
sition of tbe 1st book is 0°; 6,41, 2,15,38,31 
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~ 6g MA E N L 0 0 P S V IN DIN G MET 

Elijft des Maenwechs verftepunts begheerde middel-
loop teghen t'vervolgh der trappen op een daeh 0 tr.5l·2.7.14,57034' 8. 

Tot hier toeis voorbee!t gheghe"eo op den loop eens daehs, waer deur men 
{ekerder fien cao t' groot verfehil defes eyghen loops, teghen den ol1cygen met 
fielling eens va{len Fertdools, dan deur langhe tijden daer heelc ronden if.l 
commen diemen verlae! : Maer want de booehskens eensdachs [eer cleen fijn, 
fulcx dattet volghende bewijs daer deur [00 daer .nie! vallen cn foude als op 
meerder, foo fal ick tot dien einde andermacl nemen den tij t van 90 daghello 
Hier op doet .den EertcJooIs middelloop deur het 3 "oorfie! des 

I boucx 
Dacr afgetrocken de middellcop der voordering diemen des Maen

wechs veIllepum meI fielling eens vafien f erteloors bevin.tte 
voordelen in fchijnbaer duyfieraerlangde op 90 daghen, bcdra
ghendedeur het 11 voorllel des 1 boucx JOtI. 2. 

Blijfr des Maenwcchs verllepunts begeerde middelloop legen I'\'el'-
volgh der trappen op90daghen 78 tr'4C_ 

BERE Y T S f L VAN 'l'B E W Y s. Om van dit bewijs Wat int ghem,.èn re 
fegghen eer ick totte befonder verdaring comme, (00 is voor al kennelickdat 
des Maenwechs vcdlepunrsloop die wy fchijnbaerliekinden duyficracr merc
ken,ghemengt is van haer eygen mette ghene diefe vandeo loop des Eenc100Is 
omfangt, wekke om lot rechle (piegeling te geraken noot(akelick moeten on. 
derfchcyden fijn, ghelijcktint weren toegaet, want by aldienmen fonder daer 
ep acht te nemen, des Maenwechs verftepunt met een roerenden IertcIcot 
fdaechs voordering gave van 6 CD 41 @,fillcke teyckening en rekening en fou
dcmetle fake niet ovefeencommen, Dit vedlaenl1jnde foo laet ABC den 

K I 

c 

EertcJootwech be
teyckenë ,diés mid. 
delpunt D , de Son 
E , en deur de: twee 

. punten D, E, ghe
trocken fijnde de 
rechte lini A DEC; 
fo beteyckent A het 
vedh:pum , an het 
weIck ick ten eerftë 
neem dë Eertcloot 
te wefen , daerna 
D'A voort getrockë 
lijnde tot F,ick teye
kë inde lini A F het 
pUnt' G , befchrijf 
daer op als middel. 
punt het rondt FR 
bediedëde dë Maen
wech, diens yerfie
punt ick neem te 

. we1èn F , daer na fy 
den 'Eertc1oot op de bo\'cfchrcven 90 dagen geeommen "an A tot TI, wa er op 
baer middelloop doet deuI t'werck 88tr.42 CD voor den hCllCk A DB: Ick; 
lIed dau na de liDi B 1 evc:wijdege met DA,en BK alfoo dat de11 houck lB K 

docdc 
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There remains for the required mean motion of the 
apogee of tbe Moon's orbit, against tbe order of the 
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degrees, in one day 0°;52,27,14,57,34, 8 
Hitberto an example has been given of the motion of one day, from which 

the great difference between the true motion and the untrue motion on the 
theory of a fixed Eartb can be seen with greater certainty than from long times, 
in which there are whole circles, which are discarded. But since the arcs of one day are 
very smalI, such that the following proofwould not be as clear as for a longer 
time, for tl).is purpose I will take next tbe time of 90 days. 

In this time, by the 3rd proposition of the lst book, the mean motion 
of the Earth is 88°42' 

From tbis is subtracted tbe mean amount of tbe advance which 
the apogee of the Moon's orbit is found to make on the theory of a fixed 
Earth in apparent ecliptical longitude in 90 days, which by the 11th 
proposition of the lst book is 10° 2' 

There remains for tbe required mean motion of the apogee of tbe 
Moon's orbit, against the order of tbe degrees, in 90 days 78°40' 

PRELIMINARY TO THE PROOF. To make a general statement about this 
proof before I come to the particular explanation, it is especially evident that 
the motion of the apogee of the Moon's orbit, which we apparently observe in 
the ecliptic, is a combination of its own motion with that which it receives 
from the motion of the Earth, which must necessarily be separated to reach a 
right theory, as happens in reality; for if, without heeding this, om! should give 
the advance in one day of the apogee of the Moon's ,prbit, on the theory of a 
moving Earth, as 6'41", neither the figure nor the computation would be in 
agreement with the true state of affairs. This being understood, let ABC denote 
the Earth's orbit, its centre being D, the Sun Ei then, the straight line ADEC 
being drawn tbrough tbe two points D and E, A denotes the apogee, where 
I first assume tbe Earth to beo Thereafter, DA being produced to F, I mark on 
tbe line AF the point G and describe about tbis as centre the circle FH, which 
denotes the Moon's orbit, whose apogee I assume to be F. Thereafter let the 
Earth have moved in tbe above-mentioned 90 days from A to B,in which its 
mean motion, according to the procedure, is 88°42' for the angle ADB. There
af ter I draw tbe line BI parallel to DA, and BK so that the angle lBK is the 
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doe de voorde ring diemen de middelloop van des Maenwechs verllepunt op 
de 90 daghen bevint ghe.voordcrt te fijn in fchijnbaer duyneraeJlangde, bedra
ghendedeur t'werck JO tr. 2 0: lek ftel da.er na in B K t'punt L. fulcx dat B L 
fyde uytmiddelpunticheytlijn, en befehrijfop Lals middelpunt de Maenwech 
KM, diens vernepunt K, en nacnepunt M, treek oock DB voorwaen tot in
den omtreckan N. T' B E W Y s. Byaldien het verftepunt als F gheen eyghen 
roerfcJ ghehadr en hadde, t'foude, den Eertcloor ghe(ommen wefende an B. 
dan fijn inde voonghetrocken D B deur N , maer bet is van daer aehterwaen 
ghecommen tot K,als hebbende tOt die plaers onder den duyfieraer bevonden 
gheween deur t'werek,daerom moeten wy bewijfen den houek NB K te doen 
de bove(ehreven 78 tr,40 0, r'welckaldus toegact: Anghefien B I evewijdcge 
is met D A~ fulcx darmen van B deur I I'[elve punt desduyfieraers fier, darmen 
uyt D deur A fach, foo moer den houek I B N e\'en fijn nietten houek A D B, 
en docn als die 8J tr.42 0, daeuf ghetrock.en den houekK BI doende deur 
t'werck 10lt.%0,blijft voorden houek N BK78 rr'400: Daerom OpdC90 
daghen in welcke den Eerrc\oot ghecommen is \'an A rotB na fvervolgh der 
trappen, heeft het vernepuDt in fijn eyghen rocrfe! gc100pen tegen t'vervolgh 
der trappen den houek N BK, doende gelijck wy bewijfcn moefti: 78 Ir'40 0. 

! Voorheeft van t' vinden desduyfleringfnees loop. 
TGHEGHE VEN. Het is den tijt ecnsdachs. T'B E GHEE RD E. Men wil 

daer op gevonden hebben des duy fieringfnees middelloop in febijnbaer duy
fteraerlangde, ghegront op ftelling eens roerenden Eertdoots. 

T'W.ERCK. 

Des Eertc\oots middelloop doet deur het 3 voorftc1 
des 1 boucxfdaechs otr • .s9. 8.17.13.1a.3I. 

Daer toe vergaert de middelloop der achtring diemen . 
de duyfteringfne met fielling eens vaften Ecrtcloots 
bevint te verachteren in fchijnbaer duyfteraerlang-
de op I dach , bedraghcnde deur het I I voorftd des 
I boucx otr. 3.10.41.1j.:6. 7. 

Comt de duyfteringfnecs begheerde middcIloop tegen 
t'vervolgh deurappen op een dach I tr. :.18.j 8.28. 3 8.3 8. 

Waer af ,'bewijs deur t'voorgaende bewijs des I voorbeelts als daer grome 
ghelijckbeyt me hebbende kenneliek gbenouch is. T'a E S LV Y T, Wy heb. 
ben aan ghevonden op een gegeven lijt den loop van des Maenwechs verfie
punt, en der duyfieringfne, deur wifconfiighewcrding gbegroDt op ftelling 
eens roerenden eertcloots, na den eyfch. 

VERVOLGH. 

Anghcfien deur het J 1 voorfte! des 2 boucx bekent is des Maenwechs ver4 

ftepunts fchijnbaer duyfteraerlangde op den anvangtijt. foo ift openbaer boe· 
men die fal vinden opaUe ghegeven tijt • want totte plaets des anvangtijts, ver
vought den eyghen loop van daer af lotten ghegheven tijt na de leering deres 
voorficIs,endaertoe noch ghedaen den Eertcloots loop op den felven lijt, 
men heeft het begbeerde. En fgbelijcxis oe<:k te vClftaen mette duyftcting. 
file. . . • 

V E l\.~ 
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advance which the mean motion of the apogee of the Moon's orbit is found to 
make in 90 days, in apparent ec1iptica!longitude, which according to the procedure 
amounts to 10°2'. I then take in BK the point L such that BL be the line of 
eccentricity and I describe about L as centre the Moon's orbit KM, whose apogee 
is K and whose perigee is M, and I also produce DB to the circumference, to N. 
PROOF. If the apogee (F) had not had any motion of its own, it would -
when the Earth had arrived at B - be in DB produced through N, but it has 
moved backwards from there to K, for in that place in the ecliptic it was found 
according to the procedure; we therefore have to prove that the angle NBK 
makes the aforesaid 78°40', which is done as follows. Since BI is parallel to 
DA, so that from B through I the same point of the ecliptic is seen that was 
seen from D through A, the angle IBN must be equal to the angle ADB and 
like the latter must make 81 °42'. When from this is subtracted the angle KBI, 
which according to the procedure makes 10°2', there remains for the angle NBK. 
78°40'. Thus, in the 90 days during which the Earth has moved from A to B 
in the order of the degrees the apogee in its own motion against the order 
of the degrees has moved the angle NBK, which makes 78°40', as we had to prove. 

2nd Example, of the Finding of the Motion of the Nodes. 

SUPPOSITION. Let the time be one day. WHAT IS REQUIRED. It is 
required to find in this time the mean motion of the nodes in apparent ecliptical 
longitude, based on the theory of a moving Earth. 

PROCEDURE. 

By the 3rd proposition of the 1st book the mean 
motion of the Earth in one day is 0°;59,,8,17,13,12,31 

To this is added the mean amount of the lag 
which the no des are found to lag in apparent ecliptical 
longitude in one day, on the theory of a fixed Earth, 
which, by the 11th proposition of the lst book, is 0°; 3,10,41,15,26, 7 

The required mean motion of the nodes, against the 
order of the degrees, in one day becomes 1°; 2,18,58,28,38,38 

The proof of which is evident enough from the foregoing proof of the 
lst example, as being greatly similar thereto. CONCLUSION. We have thus 
foundthe motion of the apogee of the Moon's orbit and of the nodes in a 
given time, by mathematica! operations, based on the theory of a moving Earth; 
as required. 

SEQUEL. 

Since from the. 31st proposition of the 2nd book the apparent ecliptical 
longitude of the apogee of the Moon's orbit is known at the initial moment, 
it is clear how it is to be found at any given time, for when to the position of 
the initial moment we add its own motion from there to the given time, according 
to the present proposition, and to this we further add the motion of the Earth 
in the said time, we have found what was required. And the same is also to be 
understood for the nodes. . 
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210 MAÈNLOOPS VINDING MET 

VER T 0 0 C H. . 11. VOO R ST E L. 

De Maen ontfangt met Helling eens roerenden Eert
doots, de felve fchijnbaer duyfteraerlangde en verheyt 
vanden Eertcloot diefcheeft met fieHing eens vaften 
Eertcloots. . 

r G HEG H E VEN. Laetvoor eerfte fielling ghenomen worden t'puntA 
een vaftcn EeItcloot te beteyckencn, van A tot B Cy de Sonwechs uytmiddel. 

p 
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THEOREM. 12th PROPOSITION. 

On the theory of a moving Earth the Moon acquires the same apparent ecliptical 
longitude aild distance from the Earth which it has on the theory of a fixed Earth. 

SUPPOSITION. For the latter theory 1), let the point A be assumed to denote 
a fixed Earth, let the distance from A to B be the line of eccentricity of the 
Sun's orbit, and with the semi-diameter Be let there be described about B as 

') For eerste stelling in the Dutch text read tweede stelling. 
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punticheytlijn,en mette half middellijn Be fy op n als middelpunt beCchreven 
de Soilwcch eDE, waer in CA v.oortgetrocken tot E, Coo is E t'naefiepunr, 
C t'verftcpunt, daer na fy tuifché den vaLlen Eertcloot A en »gellelt het punt 
F als Maenwechs middelpunt, endaerop mette half middellijn F G befchreven 
den MaenwechGH, fniende A EinH als naeLlepunt, cnACinGals verfte
punt ,an t'weIck ick voor begin neem de Maen Ie weCen. Op een lijt lanck 
daer na fy de Maenwechs middelpunt gecommen van F totI, waer op iek mel
te halfmiddeJlijn I K, even an F G, befchrijf de Maenweeh KL, diens verfte
pun t K , fuIcx dat op den bovefchreven tijtdes Maenwechs verllepuDt geeom
men is van G tot K , tn daerenruifchen is de Maen van het verfiepunr gheeom .. 
men foo verre als van K tot M (meI fao veel heele ronden daer toe al ft weren 
mocht, diemen hier om bekende redenen vedact) daer na 'gheuocken A M. 
foo fal de Maen uyt A sefien fchijribaerliek fao verre fijn van C , wefende on
der des duyfteraers 65 tr. 30 (9, als den houek CAM mebrengt. 

Defeteyekeningdes Maenweehs met ftelling eens vaLlen Eertdoots aldus 
ghedaenfijnde, wy fullen toue teyekening v'an de ander fielling commen. 
Tot deCen einde fiel ick in C A t'punt N, alfoo dat de uytmidde1puntieheytlijn 
eNeven fy an AB. en befchrijf op N als middelpunt mette halfmiddellijn 
N A die even matt fijn mette halfmiddellijn B C het rondt A 0 P als Eert. 
c1ootweeh, diens naeftepunt p. va:llcpunt A, waer in ick neem den Eertcloot 
A mette Maenweeh dacr ron lom ghecommen te fijn',jot O. ghe100pen heb. 
bende den booch A 0, ofhouek A N O. By aldien róu des Maenwechs ver· 
flepunt gheen eyghen roerfet ghehadt cn hadde te wijle den Eertc100t gbe. 
eommen is van A tot 0 ,maer altijt ghebleven hadde tulfehen den Eertc100t 
en t'punt N, t'iskennelickdauetfoude wefen inde lini ON an t'punt~oo 
verre van 0 als van A tot G: Maer het heeft deur het 11 voorfiel defcs 3 OOUCX 

een roerfel reghen t'vervolgh der trappen even an den EertcJootloop A N 0 j 
foo veel min als fijn fchijnbaer voordering inden duylleraer bedraeeht ,dats 
den houek GAK, daerom treek iek de lini 0 R even en evewijdeghe met 
A G, en roude des Maenwechs verftepunt moeten fijn an R, ghetoopen heb. 
bende leghen t'vervolgh der trappen den houek Q 0 R, waerder niet noeb af 
te treeken een houek even ande fehijnbaer voordering GA K, daerom treek 
iek de lini 0 S even an AG, en a1foo· dat den houek ROS even fy metten 
houekGFK,tcyekendaerint'puntT,foo datOTeven fymetAF,en be
fehrijf op T als middelpunt,mette half middellijn T S, den Maenweeh S V R; . 
diens verliepunt S: Macr want op den bovefehreven gheftclden tijt de Maen 
met ftelling eens vallen Eertcloots, ghecommen is van t'verfiepunt K tot M, 
foo ftel ick inde Maenweeh S V R t'punt V ,foodat de booeh S V of houelt 
S TV, even is metten houek KIM, en fiel de Maeo te wefen an t'pnnt V. 
Dit foo lijnde, ic:k feghde Maen V uyt den roerenden Eeneloot 0, ghefièn 
te worden onder de Celve fehijnbaér duyfteràedangde daerde Maenan M 
onder ghelim wort uyt den vafienEerreloot A • en dat -de verheyt 0 V even 
is mette verheyt AM, om defe reden. T' B ~ W Y s. Anghefien 0 R evcwij
degbe is met AG, en den houek ROS even metten houek GAK, Coo 
moet 0 S evewijdeghe fijn met A K. V Oört anghefien den houek ST V, 
even is metten houek KIM, foo is de liniT V evewijdeghe met I M, ho-

. ven dien foo heeft den driehouek T 0 V twee fijden T 0 , T V,even en eve
wi jdeghe met des driehoucx I A M twee fijden I A,A M, waer deur haer derdt 
tijden 0 V, A M oock even cnevewijdeghe fijn, en daerom wort de Maen an 
V llyt den rocrcnden Ecrtc100t 0, ghefien ondel: de fdve fdliJnbacr duyfte-

tau. 
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centre the Sun's orbit CDE, in which, when CA is produced to E, E is the 
perigee, C the apogee. Thereafter let there be marked between the fixed Earth A 
and B the point F for the centre of the Moon's orbit, and about this, with the 
semi-diameter FG, let there be described the Moon's orbit GH, intersecting AE 
in H for the perigee and AC in G for the apogee, at which I assume the Moon 
to be, to begin with. At a time long af ter, let the centre of theMoon's orbit have 
moved from F to I, about which with the semi-diameter IK, equal to FG, I describe 
the Moon's orbit KL, whose apogee is K, so that in the above-mentioned time 
the apogee of the Moon's orbit has moved from G to K, and meanwhile the 
Moon has moved from the apogee as far as from K to M (with as many whole 
circ1es as may be, which are here discarded for known reasons). When thereafter 
AM is drawn, the Moon, as seen from A, will apparently be as far from C, which 
is at 65°30' .of the ecliptic, as the angle CAM implies. 

This drawing of the Moon's orbit on the theory of a fixed Earth thus having 
been made, we shal1 proceed to draw the situation on the other theory. To this 
end I mark in CA the point N such that the line of eccentricity CN be· equal 
to AB, and I describe about N a.s centre, with the semi-diameter NA (which is 
to be equal to the semi-diameter BC), the circle Aap for the Earth's orbit, whose 
perihelion is Pand whose aphelion is A, in which I assume the Earth A with 
the Mooo's orbit around it to have arrived at 0, haviog moved the arc Aa or 
the angle ANO. If the apogee of the Moon's orbit had had no motion of its own 
while the Earth moved from A to 0, but had always remained between the 
Earth and the point N, it is evideot that it would be io the lioe ON at the 
point Q, as far from 0 as from A to G. But according to the llth proposition 
of this 3rd book it has a motion against the order of the degrees, equal to the 
motion of the Earth ANO, as much less as its apparent advance in the ec1iptic 
amounts to, i.e. the angle GAK: I therefore draw the line OR equal and parallel 
to AG; then the apogee of the Moon's orbit would have to be at R, having 
moved, against the order of the degrees, the angle QOR, if it were not that an 
angle equal to the apparent advance GAK has to be subtracted from it. I therefore 
draw the line os equal to AG and such that the angle ROS be equal to the 
angle GAK 1), mark therein the point T such that OT be equal to AF, and 
describe about T as centre, with the semi-diameter TS, the Moon's orbit SVR, whose 
apogee is S. But because in the above-mentioned time the Moon has moved from 
the apogee K to M on the theory of a fixed Earth, I mark in the Moon's orbit 
SVR the point V such that the arc SV or the angle STV is equal to the angle 
KIM, and assume the Moon to be at. the point V. This being so, I say that the 
Moon V is seen from the moving Earth 0 at the same apparent eclipticallongitude 
at which the Moon at M is seen from the fixed Earth A, and that the distance 
OV is equal to the distance AM for this reason. PROOF.Since OR is parallel 
to AG and the angle ROS is equal to the angle GAK, OS must be parallel to AK. 
Further, since the angle STV is equal to the angle KIM, the line TV is parallel 
to IM. Moreover the triangle TOV has two sides (Ta, TV) equal and parallel 
to the two sides IA, IM 2) of the triangle lAM, in consequence of which their 

. third sides OV, AM are also equal and parallel, and therefore the Moon at V 
is seen from the moving Earth 0 at the same apparent ecliptical longitude at 

1) For GFKin the Dutch text read GAK. 
2) For AM in the Dutch text read IM. 
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212 MAENLOOPS VINDING MET&C. 
taerlangde: daer de Maen an M onder gefien Wort uyt den vaO:en Eerteloot A. 
endeverheyt 0 V is even mette verheyt AM. TB E SL VY T. De: maendan 
on'tfangt met ilelling eens roerenden Eerldoots de. f(Ive fchijnba~r duyfte
. raerlangdeen verheyt vanden Eertdoot diefeheeft met fielling eens vafien 
Ecrtcloots, t'welck wy bewijfcn moeften • 

. VER VOL G H~ 

Tis liennclick, darmen om op een ghegheven tijt te vinden de Manens , 
. rchijnbaer duy fieraerlangde gegro~t op ftelling eens roerenden Eendoots, fal 
fouckendes Maenweehs verfiepuDts fehijnbaerduyfteraerlangde nade manier 
vant velvolgh des 11 voorftels , en daer na de reil ghelijck met ftelling eens va
fien Eertcloots, maer t'eenemael te rekenen op de fteHing eens vailen Eert. 
dools valt gherievigher ~ om de redenen die t'haerderplaets breeder "erelaert 

, fullenwolden. ' 

VIERDE 
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which the Moon at M is seen from the fixed Earth A, and the distance OV is 
equal to the distance AM. CONCLUSION. On the theory of a moving Earth the 
Moon thus acquires the same apparent ecliptical longitude and distanee from 
the Earth that it has on the theory of a fixed Earth; which we had to prove. 

SEQUEL. 

It is evident that in order to find at a given time the Moon's apparent ecliptical 
longitude, based on thè theory of a moving Earth, we have to find the apparent 
eclipticallongitude of tbe apogee of the Moc)O's orbit in the manner of tbe sequel 
to the l1th proposition, and thereafter the rest in the same way as on the theory 
of a fixed Earth, but it is more convenient to make the computation at once on the 
theory of a fixed Earth, for tbe reasons to ?e explained more fully in the proper place. 
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VIERDE 

o ND ERS C H E Y T 
DES DERDEN BOVCX VAN 

Saturnus, Iupiters, Mars, Venus 
cu Mercurius langdeloop met 

ftelling eens roerenden 
Ecrtcloots. 

CORTBEGRYP DESES 
V 1 ER DEN 0 N DER SC HE YT S • 

•

. ltrvierde Onderfcheyt fllfe'PetJ~oorileUen hebben • 
. ~ ~ 7 .Het.~e.rfl.ert/tJefendeind'Oirdenh~tl]"omt.ervin~'édeha{f. 
~~ mtddelljjnen der rv"Pegben ~ de uytmtddelpuntlCheytlljnen" met 

mee fle en minfle rverheden rvan de rzJ"'P"'Paelders "in [ulc k! dee
len alffer des Eertclootlftlecbs balfmiddeUijn 10000 doet, deur ru"'P{confiigbe 
rcJ"'Perckjngghegront Of fleUing eens roerenden Eertcloots. 
. Het t"'P"VeedetT/"Pe[ende;n d' oirden bet 14-,rvan den loop der drie borven-
Jle rn"'P"'Paelders SatUTnIl4 ,Jupiter en &ars in haer rv"'Peghen op een ghege4 
"Pen tijt, met fleUing eens roerenden Eertcloots. 

Het derde rv"Pefende in ti oirden bet IJ"dat de drie bO"PenJle DlftlaeldeTl 
Saturntl4" I upiter en & ars" met JleUing eens ,oerenden Eertcloots de fel
"tie fihijnbaer duyileraerlangde en rverheyt rvanden Eertcloot ontflngbln, 
dieft hebben met JleUing eens rvaEen Eertcloots. . 

Het rvierde tT/"Pefende in tl oirden bet 16 " rvanden loop der t'tftIee onder. 
fie rzJ"'P"'PaeldersVenllJ en e'Jl1.ercurÏIIJ in hatr 'V"Pcghen op een ghegbe"Pen 
tijt" met f1eOmg eens roerend en Ee'tclootJ~ . 

Het rvljfde rt/tJefende in ti oird'é het 17" dat de tWee onderjle 7J"'P"'Pael. 
(Iers Ve1J1U en M ercurÏNJ met fteUing eens roerenden Eerte/oots, de fe~e 
Jèhijnbaer duyfleraer14ngde en rverheyt rvanden 6ertcloot ontfanghen du
fe hebben met !leUing eens 'VaRen Eertcloots. 

Het feflerv"'Pefende in ti oirden bet 18" inhoudende rverclaring der reden 
ru"Vaerom ici{jnde 8.12. IJ. en I? rvoorfleOen"bC"'P"'Pe[en bebbe áe7J"'P"'Paeltlers 
Jeur /leUing eens roerend en Eertdoots be"Ponden te rv"Porden totte ftl"'Pe 
fihijnbaer plaitfen en rverheden 'Van malcander,diemeTife met fteOing eent 
rvaflen Eerte/oots be"Pint3 mette omflandighen 'Van dien. 

Hetfe"Pende rv"Pefende in J'oirden het 19, inhoudende tVe1'cl4ring Of 
d " rv"'Pelc~ 
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FOURTH CHAPTER 

OF THE THIRD BaaK 
Of Saturn's, ]upiter's, Mars', Venus', and 
Mercury's Motion in Longitude, on the 

Theory of a Moving Earth 

SUMMAR Y OF THIS FOUR TH CHAPTER 

This fourth Chapter is to contain seven propositions. 

167 

The first, which in the sequence is the 13th, to find the semi-diameters of 
the orbits, the lines of eccentricity, with the greatest and least distances of the 
Planets, in such parts as the semi-diameter of the Earth's orbit has 10,000, by means 
of mathematical operations based on the theory of a moving Earth. 

The second, which in the sequence is the 14th, of the motion of the three 
upper Planets Saturn, Jupiter, and Mars in their orbits at a given time, on the 
theory of a. moving Earth. 

The third, which in the sequehce is the 15th, that the three upper Planets 
Saturn, Jupiter, and Mars on the theory of a moving Earth acquire the same 
apparent ecliptical longitudes and distances from the Earth that they have on the 
theory of a fixed Earth. 

The fourth, which in the sequence is the 16th, of the motion of the two lower 
Planets Venus and Mercury in their orbits in a given time, on the theory of 
a moving Earth. 

The fifth, which in the sequence is the 17th, that the two lower Planets 
Venus and Mercury on the theory of a moving Earth acquire the same apparent 
eclipticallongitudes and distances from the Earth that they have on the theory of. 
a fixed Earth: . 

The sixth, which in the sequence is the 18th, containing an explanation of the 
reason why in the 8th, 12th, 15th, and 17th propositions 1 have proved that on the 
theory of a moving Earth the Planets are found at the same apparent places and 
mutual distances that they are found on the theory of a fixed Earth, with the 
circumstances relating thereto. 

The seventh, which in the sequence is the 19th, containing an exposition on 
which theory - to wit, the untrue theory of a fixed Earth or the true one of 
a moving Earth - it seems most suitable to make the computations of the motion 
in longitude of the Planets. 
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214 SAT.lvp.MARs,VEN. ENMERC.VI NDING 

rr/'Pelck! JleUing, te tV'Peten de oneyghen met een t7.laflen. Ee rtc/oot ~ o/de 
eyghen met een roerende, oirboirJl [chtJnt de rek.fninghente mak.!n rZJa1Jde 

langdeioop (ier 7JwAelders. 

13 VOORSTEL. 

Te vinden de halfmiddellijnen der vveghen ,de uyt
middelpunticheytlijnen,met meefie en minfie verheden 
vallde Dvvadders, in [ulcke deden alifer des Eertcloot
vvechs halfmlddeUijn ICOOO doet, dèur vvj[confiighe 
vverckinggegront op fielling eens roerenden Eertcloots. 

Mijn voornemen is hier te ghebruycken de ghelllIen by Ptolemem ghevon. 
den,want hoe wel de veraepumen feden reer verloopen fijn, en dat voorbeel. 
den des leghenwoordighen tijts oirboirder fouden moghen wefen om Ie fien 
de oveteeneumminghendefer (loten mette dadeJiekeervaringhen, noChtans 
ghe.merckt in Plolemem befchlijvingghevonden worden veel bequame VOOI

beelden/oo wel des breedeloops als langdeloops van 31 de Dwaeldcrs, om daet 
uyne bevdlighen de \'oorfiellen ghegront op ftelling eens [oerenden Ecu. 
dOOlS, foo heb iek die vereoren VOOI ander. 

Om dan 10lle fàeek leeommen,r'isle anmcreken dat de ftelders eens vaften 
Eertclools, niet Wetende dat der drie bovenfie Dwaelders febijn baer in ronden 
daerfe in fehi,nen te loopen,filn in plaets des EertcloOtwechs,en datfc daerolll 
mette felve evegroot behooren te wefen, foo en hebben fe haer halfll1iddeJli;. 
nen gheen fclve ghetal ghegheven,ghdijck ry foudenmeughen doen die lule" 
bekent is. Maer want hier uye volghl dat de ghetalen der halfmidddhjncn van 
weghen en uYlmiddelpunticheytlijnen verfcheydeneI Dwaelders, niet e\'ere. 
deJick en fijn mette wefentlicke langden, ghelijck nochtans de fake vereyfCht 

'''fl'llInr~ttr om bequamelick te wereken met fielling eens roerenden EertcloOls, en * He • 
.AflrwJOII'II. melloopstuyeh der Dwaclders te meughen leyekenen diens deel en everedelick 
t40 fijn met haer overeencorr.mende deden des weelelts , foo fal iek op allen «0 

ghemeene maet fiellen , te wClen des Ewc100lwechs halfmidde1i)n in lex 00 

ghedeelt, wekke met reden dàer toe vereoren wort, om datfe in de rekeningen 
van dek der ander Dwac:ldc[s ,oml, en dat haer gbelal van lOOCO Iiehticheyt 
int wcrck vCIoir(aeekt. 

SAMING 
der halfmiddel!ijnen en uytmiddelpunticheytlijnen Ikor Ptolemeus 

ghe"Ponden en befchre"Pen of fteIJmg eens rtl41m Eertc/oots. 

Sonweehs half middellijn 60 deel. 
Sonwechsuytmiddelpunticheytlijn : deel 30(!). 
Maenwechs halfmiddellijn 60 deel. 
Maenwechs uytmiddelpunticheytlijn (die Plo/emtll4 inroms 

halfmiddellijn noemde) S deel 14 <D. 
Anderûns heeft Ptolemelld int 13 voorOd fijns .s boucx, in 

plaets van die twee ghetalen 60 deel en j deel 14 @, gheno
men twee inde felve leden, Ie weten j9 deel en oS deeho 0. 

wefen-
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13th PROPOSITION. 

To find the semi-diameters of the orbits, the lines of eccentricity, with the 
greatest and least distances of the Planets, in such parts as the semi-diameter 
of the Earth's orbit has 10,000, by means of mathematica1 operations based on 
the theory of a moving Earth. . 

My intention is here to use the values found in Ptolemy,. for though the 
apogees have shifted a good deal since then and examples of the present time 
might be more suitable to see the correspondences of these results with practical 
experience, nevertheless, seeing that in Ptolemy' s description many suitable 
examples are found both of the motion in latitude and of the motion in longitude 
of all the Plan ets, with which to confirm the propositions based on the tbeory 
of a moving Earth, I have chosen them in preference to others. 

To come to tbe matter, it is to be noted that thosewho assume a fixed Earth, 
not knowing that the apparent epicydes of the three upper Plan ets, in which they 
seem to move, have come instead of the Earth's orbit, and that they ought therefore 
to be of the same magnitude as the latter, have not given their semi-diameters 
the same value, as those to whom tbis is known might do. But since it follows 
from this tbat tbe values of the semi-diameters of the orbits and the lines of 
eccentricity of different Planets are not proportional to the actual lengths, as 
nevertheless is required for a convenient treatment on the tbeory of a, moving 
Earth and for making it possible to draw astronomical instruments of the 
Planets 1), whose parts are proportional to the corresponding parts of the world, 
I shall set a common measure for all, to wit, the semi-diameter of the Earth's orbit 
divided into 10,000, which is chosen for it with good reason because it occurs 
in the computations of each of tbe other Planets and because its value of 10,000 
facilitates the procedure. 

COMPILATION 

of tbe Semi-diameters and Lines of Eccentricity 
Found and Described by Ptolemy on the Theory of 

a Fixed Earth. 

Semi-diameter of the Sun's orbit 
Line of eccentricity of tbe Sun's orbit 
Semi-diameter of the Moon's orbit 
Line of eccentricity of the Moon's orbit (which Ptolemy called 
epicyde's semi-diameter) 

1) Stevin does not here allude to instruments for observing the stars; but to structures, 
mostly of cardboard and parchment, such as were of ten made in those days to facilitate 
the understanding ofthe planetary orbits. 

2) Sexagesimal division was used in ancient science for linear distances as weIl. The unit 
of distance was put 60 parts, and the first- and second-order subdivisions were indicated 
by the symbols now used for minutes and seconds of arc. 
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MET EEN ROE REN DEN EER. TeL OOT. 27 S 
,,:efende Eertcloots halfmiddellijncn, fuJckc al1lèJ d~ SGa. 
wechs half middellijn UlO doer. 

Saturnus inronlwechs halfmiddcUijo; 
Saturnusinronrshalfmiddellijn 
Saturnus uytmiddelpullticheydijn 
lupiters inrontwechs halfmKkkIli;a 
lupjlers inronts halfmiddcIlijn 
I upitcrs uytmiddel punticheytliin 

6oded. 
~,dce1300. 

3- deel lS 0. 
60 deel. 
uded300. 
:adcel4S (D. 

Mars inrontwechs halfmiddclliji1 
Mars imoms halfmiddclli}n 
Mars uytmiddel punticheytl ijn 
Venus inrontwechs halfmiddellijn 
Venusinronts halfmiddcllijn 

óoded. 
39decl30 0. 

6dttl. 
6odeel. 
43 dcclJ00. 

Venus uytmiddelpunticheytlijn 
Mercurius inronnvechs balfmiddellijn 
Mercurius imoms hatfmiddeUijn 
Mercurius uytmiddclpumicheytlijn 

I deel IS 0. 
60 deel. 
;udee!z60· 
. jdeel41 0. 

Om dere ghetalen ghevonden met fielling eens vafien Eertclools, te 
verkeeren in getalen mer ftelling eens roerenden EertcIoots,diens 
wechs halfmiddellijn ICOOO doet als voorfeyt is, ick fal metten 
Eertcloot beginnen, diens wecbs halfmiddellijn de relve werende 

. diemen andersde Sonwech tocfchrijfr, fyisdeur de voorgaende 
SA MIN G tOl haer uytmiddeJpunticheytlijn, in [uleken reden als 
60 deel tot 2. deel 30 ®, maer om die te hebben in fuleke deelen 

.altfcrdes Eertclootwechs half middellijn 10000 doet , ickfegh óo 

deelen ghevcn 2 deel 300, wat locoo~eomt417. fulcxdatdoen-
de des EettcIootwechs half middellijn 10000. 

De uYlmiddeIpunticbeytlijn doet 417'. 
Ende want PfoltTlltH4 int 4 Hooftfiick tijns 3 bouo de Sonwechs 

veraepum fielt onder des duyaeraers 65 Ir. 300, in wiens plaets 
nu c.tcs roeren den EeItdootwechs naefiepunt oomt deul het 
9 voorftel defes 3 bouex," foo vaIt des [elfden vClfiepuntoodcr 
des duyfieráeIS· . 245 tr.30. 

A ngaende de Maenwcchs haJfmiddcllijn, anghefien die totte half
middelJi jn des Eertdootwechs in fuleken reden is deul de voor
gaende SA MIN G als J2IOtOt j9. ickfegh 12Io,gheefb9, wat 
IOOOO? Conltvoor de MaenwechshaIfmiddeJlijn 488. 

Om te hebben de MacQw~hs uytmiddeJpunticheytlijn. ick fegh 
Maenw~chs hartmiddellijn 59 deel, gheeft uytmiddelpuoticheyt
lijn j deel 10 0 deur de voorgaende S A MIN G, wat Maenwechs 
halfmiddelHjn 4SS vielde in d'oiiden ~ comt Macnwechs uyt-
middelputificheydijn 43-

Die vergaert foue Maenwccbs halfmiddellljn 488 viClde in d' oiIden, 
eomr voor de meeae verheyt vanden Eerrcloot toue Maen j 31. 

Ende die 43 vijfde in Ó oirdcn, ghetrocken vande Maenwechs half-
middellijn 488 vierde in d' oirden blijft de minfie verheyt 445. 

De Maenwechs veraepnms fchijnbaer duyfieraerIangdeop eorten 
tijt groote verandering aijghende en vereyfcht hiel niet te 
Commen. 

Aaa Om tc 
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On the other hand, in the 13th proposition of his 5th book, 

Ptolemy took, instead of those two valuesof 60P and 5P 14', two values 

in the same ratio, to wit, 59 P and 5P 10', the units being the semi-diameter 

of the Earth, of whichthe semi-diameter of the Sun's orbit has 1,210. 

Semi-diameter of Saturn's deferent 

Semi-diameter of Saturn's epicycle 

Saturn's line of eccentricity' 

Semi-diameter of Jupiter's deferent 

Semi-diameter of Jupiter's epicycle 

Jupiter's line of eccentricity 

, Semi-diameter of Mars' deferent 

Semi-diameter of Mars' epicycle 

Mars' line. of eccentricity 

Semi-diameter of Venus' deferent 

Semi-diameter of Venus' epicycle 

Venus' line of eccentricity 

. Semi-diameter of Mercury's deferent 

Semi-diameter of Mercury's epicycle . 

Mercury's line of eccentricity 
In order to convert these values, found on the theory of a fixed Earth, 

into values on the theoryof a moving Earth, the semi-diameter of whose 
orbit makes 10,000, as has been said above, I shall begin with the Earth, 
and since the semi-diameter of its orbit is the same as that otherwise 
ascribed to the Sun's orbit, it is according to the above Compilation to 

its line of eccentridty in the ratio of 60P to 2P 30'; but to have it in 
such parts as the semi-diameter of the Earth's orbit has 10,000, I say: 

60P give 2P30'; what does 10,000 give? It makes 417, so that if the 
semi-diameter of the Earth's orbit makes 

the line of eccentricity makes 
And since Ptolemy in the 4th Chapter of his 3rd book puts the apogee 

of the Sun's orbit at 65°30' of the ecliptic, which is now replaced by 
the perihelion of.the moving Earth's orbit, by the 9th proposition of this 
3rd book, the aphelion of the latter now faUs in the ecliptic at 

As regards the semi-diameter of the Moon's orbit, since this is to the 
semi-diameter of the Earth's orbit in the ratio of 1,210 to 59, according 
to the above Compilation, I say: 1,210 gives 59; what does 10,000 give? 
It gives for the semi-diameter of the Moon's orbit 
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60P 

6P30' 

3P25' 

60P 

U P30' 

21'>45' 

60P 

,39P30' 

6P 

60P 

43P 10' 
1 PI5, 

60P 

21 P26' 

5P41' 

10,000 
417 

488 
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,,6 SAT.lv P. MARS) V EN. EN MER C.VJ NDIN G 

Om te hebben Saturnus w«bs halfmiddellijn,ick fegh Saturnus in-
~onts halfmiddellijn 6 deel 30 @ , ghecft fijn inromwechs half
middellijn 60 deel deur de voorgaende SA MIN G ,watJ OCOO~ 
comt voor Saturnuswechshalfmiddellijn 9%308. 

Om te hebben Satuniusuytmiddelpuntichcydijn, ick fegh fijn in
ionts balfmiddcllijn 6 deel 30 @,geeft [~n uyrmiddclpumicheyt
lijn 3 deel:&j (!) dcur de voorgaende SA MIN G,wat loocokomt 
SlIturnus uytmiddelpumicheytlijn 5 l5 6 • 

. Om te hebbë Saturnus meefte en minfte verhedé, ick fal op dat alles cJaerder fy 
te)'àené twee formé,d'ccrfte meI ftelling eens vaften EencJoots, d'ander ecn~ 
roerenden. Laet A B Saturnusinrontwech fijn diës middelpunt C, en de half
middellijn C A doet 9:&)08 achdlein d'oirdë,D is den vallen Eertcloor,C D de 
uytmiddelpunticheytlijn doende j2.j6negende in d'oirdcn,A desinroDtwechs 

. F verllepunr, B naellèpüt, voort 
y op A als middelpunt beo 
chreven het inront E F. diens 
half middellijn A Edoet 10CNO 

deur t'gheftelde, di des imonts 
verfiepum is F., naellepunt E, 
daer na fy op B als middelpunt 
befchrevë hel inront G H even 
an E F, diens naeftepunt G. 

C Dit fo fijnde,en om nu re h!b
ben demeefte veiheyt D F,roo 

.0 vergaericktotCA9230sacht-
Re in d'ohden, de uylmiddel
puntichcytlijn De 5256 ne. 
ghende in d'oirden,mette half
middellij n AF 10000, comt 
t'[amen voor de meefie ver. 

o heytDF 107j64. Ende om te 
H . hebbé de minfie vcrheyt D G. 

kk 'ueck D C j2S6 met G B 10000 t'1àtncn 152.56, van eB 
• 92.308. en blijft 

:r Voor de minfte 
verheyt D G 770S2o. 

Maerom nu tefiëfuIckcover.· 
eeneoming met een roerendé 
Eertcloor,laethet ront I K fijn 
Saturnus wech , diens middel. 
punt L,en halfmiddcllijnlL 
cvé anCA doet als die 92.308. 
cn t'Q1iddelpunt des Eert
c100lwechs fy M, uytmiddcl
pu~tieheytlijn L M doende 
als C 0 Sij6, Saiurnuswechs 
verllepuDl fy I, naeftepuntK, 
VOOrt fy op Mals middè:Jpunt 
befchrevendé Eenclootwecb 
NO, 4iés halfmiddcJ.1jjn M N 

even 
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In order to have the line of eccentricity of the Moon's orbit, I say: 

semi-diameter of the Moon's orbit 59P gives line of eccentricity 5P 10' 
according to the above Compilation; what does the semi-diameter of the 
Moon's orbit 488 give, the fourth in the list? The line of eccentricity of 

173 

the Moon's orbit becomes 43 
When this is added to the semi-diameter of the Moon's orbit 488 

(the fourth in the list), the greatest distance of the Earth from the 
Moon becomes 531 

And when 43 (the fifth in the list) is subtracted from the semi-
diameter of the Moon' s orbit 488 (the fourth in the list), the least 
distance is 445 

Since the apparent ecliptical longitude of the apogee of the Moon's 
orbit varies widely in a short time, this is not required to be discussed 
here. 

In order to have the semi-diameter of Saturn's orbit, I say: the semi-

diameter of Saturn's epicycle 6P 30' gives the semi-diameter of its de fe rent 

60P according to the above Compilation; what does 10,000 give? The 
semi-diameter of Saturn's orbit becomes 92,308 

In order to have Saturn's line of eccentricity, I say: the semi-diameter 

of its epicycle 6 P W' gives its line of eccentricity 3 P 25' according to the 
above Compilation; what does 10,000 give? Saturn's line of eccentricity 
becomes - 5,256 

In order to have Saturn's greatest and least distances, I will - to 
make everything clearer - draw two figures, the first on the theory of 
a fixed Earth, the other on that of a moving Earth. Let AB be Saturn's 
deferent, whose centre be C, and the semi-diameter CA makes 92,308 
(the eighth in the list), D is the fixed Earth, CD the line of eccentricity 
making 5,256 (the ninth .in the list), A the deferent's apogee, Bits 
perigee; further let there be described about A as centre the epicycle 
EP, whose semi-diameter AE makes 10,000 by the supposition, then the 
epicycle's apogee is P, its perigee E; thereafter let there be described 
about Bas centre the epicycle GH equal to EF, whose perigee is G. This 
being sa, and in order to have the greatest distance DP, I add to CA 
92,308 (the eighth in the list) the line of eccentricity DC 5,256 (the 
ninth in the list), with the semi-diameter AP 10,000; this makes together 
107,564 for the greatest distance DF. And in order to have the least 
distance DG, I subtract DC 5,256 with G~ 10,000, together making 
15,256, from CB 92,308; then there is left for the least distance DG 77,052 

But in order to see now such correspondence with a moving Earth, 
let the circle IK be Saturn's orbit, whose centre be Land whose semi
diameter IL equal to CA, like the latter, makes 92,308, and let the 
centre of the Earth's orbit be M, its line of eccentricity LM making 
(like CD) 5,256; let the apogee of Saturn's orbit be I, its perigee K; 
further let there be described about M as centre the Earth's orbit NO, 

o 



- 180 -

ME T EEN ROE R!N DE N nUt TC LOP T."'17 
even lijnde met A E doet als die 10000. Dit foo wefende de mee-
fte verheyt 0 I, moet even fijn mette bovefcbreven D F. en de 
minfte 0 Keven mette bovefchreven minftc DG, want tot I L 
9uo8, vergaert L M 52S6 met M 0 10000 , comt voor 0 I (ghe. 
Iijckboven quam voor DF) als Saturnusmecfteverheyr. 107564. 

Ende L M 51.56 met MO 10000 t'(amen 151.56 ghctroeken van 
L K 91. 308, blijft voor 0 K (ghelijck boven quam voor DG) als 
Saturnus minfte verheyt 770 52 • 

Ende Salurnuswcchs verllepunt was ten tijde van PlOltmell4 foo hy 
fcght int S Hooftftick fijns J J bouoe onder des duyfteraers 

En ghedaenfijnde dcrghelijcke rekeninghen met lupiter eQ Mars; 
men bcvint d'uytcomft als volght 

I upiters wechs half middellijn 
lupiters uytmiddclpuiuicheytlijn 
lupiters mcelle vcrheyt 
lupiters minfieverheyt 
Iupiters wechs vedlepunt was teil. tijde van Plo/emtH4 foo hy feght 

int 1 Hooflftick fijns I I.boucx onder des duyftcracIS 
. Marswcchs half middellijn 
Mars uytmiddelpunricheytlijn 
Mars meeftc verheyt 
Marsminftevctheyt 

233 tr. 

52174. 
.2391. 

64$6S. 
39783. 

161 Ir • 
15 190. 
IS 19. 

267°"). 
3671. 

M:mwechs "crftepunt was ten tijde van Plo/emeH4 fao hy fegt int 
7 Hooftfiick fijns 10 bouoeonder des duyfteraers lij tI. 30. 

Om te hebbë Venuswechs half middellijn met ftellingeens roeren
den EertcJoots, [00 is voor al te weten dat h act wech met ftelIing 
eens vaften EertcJoots even ghenomen fijnde metten Eertclooa
wech 10000/00 doet haet inroots halfmiddellijn dá f~lcke 7194, 
want [egghende Venus intontwechs half middellijn 6Odeel,gecft . 
haet inronts half middellijn 43 deel JO 0 deur de vóorgaende 
SAM IN G, watJoooo ?comt VOOI haeI inroDtshalfmiddellljn 
als vooren 7194- Maeu'gene men met fteIIing eens vaftcn Eert
dOOIS noemt Venusinronlwech, is met ftelliog eens roerenden 
Eertcloots voor des [elfden roerenden Eertclootswcch: Ende het 
gbcne men met fteUing eensvaften Eertcloots nocm t Venus in
ront, is met ftelling eens roerenden Ecrtcloots voor Venus 
wech , daerom Venus wec:hs halfmiddellijn met fielling eens 
roerendcn Eertdootsdoer 

Om te hebben VeDW uytmiddelpiIJlticheytlijn, ick (egb haer in • 
. rontwechs halfmiddellijn 60 deel, ghecfi haer uytmiddelpuntic. 

heytlijn I deel 1 $ ® deuI de voorgaende S A MIN G, Wat l0000~ 
romt Venusuytmiddelpunticheytlijn . 

Om te hebben Venus meefte en minfteverhedcn.ick fal op dat alles 
claerdet [y, teyckcnen twee formen, d'eerfie met fielling eens va-
fien Eertcloots,d'ander eens roerenden. Laet A B Venus inront. 
wecb fijn, diens middel punt C , en de half middellijn C A doet 
lcocodeur t'gefielde, D is den vafien Eencloot, CD deuytmid-
delpun ticheytlijn doende 208 vierentwintichfte in d' oirdé.A des 
inrontwechs verftepunt, B naeftepunt, voort [yop A als middel-
punt bcfchrcven het intondt Ef, dien. halfmi~del1ijn A Edoel 

Aa 3 719+ 
0. 

::&08. 
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whose semi-diameter MN, being equal to AB, like the latter makes 
10,000. This being so, the greatest distance Ol must be equal to the 
above-mentioned DF, and the least OK equal to the above-mentioned 
least distance DG, for if to IL 92,308 is added LM 5,256 with 
MO 10,000, this makes for Ol (as was found above for DP), as 
Satuen' s greatest di stance, 

Aild if LM 5,256 with MO. 10,000, making together 15,256, is 
subtracted from LK 92,308, there is left for OK (as was found above 
for DG), as Saturn's least distance, " 

And the apogee of Saturn's orbit was at the time of Ptolemy, as he 
saysin the 5th Chapter of his 11 th book, in the ecliptic at 

And when similar computations are made with Jupiter and Mars, the 
result is found as follows: . 
Semi-diameter of Jupiter's orbit 
Jupiter' s lifie of eccentricity 
Jupiter'i; greatest distance 
Jupiter's least distance 

The apogee of Jupiter's orbit was at the time of Ptolemy, as he 
says in the lst Chapter of his llth book, in the ecliptic at 
Semi-diameter of Mars' orbit 
Mars' Hne of eccentricity 
Mars' greatest distance 
Mars' least distance 

The apogee of Mars' orbit was at the time of Ptolemy, as he says- in 
the 7th Chapter of his 10th book, in the ecliptic at 

In order to have the semi-diameter of Venus' orbit on the theory of 
a moving Earth, it is tO,be noted first of all that if itsorbit on the theory 
of a fixed Earth is taken equal to the Earth's. orbit 10,000, the semi
diameter of its epicyde makes 7,194, for if I say: the semi-diameter of 

Venus' deferent 60P gives its epicycle's semi-diameter 43P I0' according 
to the above Compilation, what does 10,000 give? lts epicycle's semi
diameter becomes, as above, 7,194. But what on the theory of a fixed 
Earth is called Venus'deferent, on the theory of a moving Earth is the 
orbit of this moving Earth. And what on the theory of a fixed Earth 
is called Venus' epicyde, on the theory of a moving Earth is Venus' 
orbit; therefore the semi-diameter of Venus' orbit on the theory of a 
moving Earth makes 

In order to have Venus' line of eccentricity, I say: its deferent's 

semi-diameter 60P gives its line of eccentricity 1 P15, according to the 
above Compilation; what does 10,000 give? Venus' line of eccentricity 
becomes 

In order to have Venus' greatest and least distances, I will - in 
order to make everything clearer - draw two figures, the first on the 
theory of a fixed Earth, the second on that of a moving Earth. Let AB 
be Venus' deferent, whose centre is C, and the semi-diameter makes 
10,000 by the supposition, D is the fixed Earth, CD the line of 
eccentricity, which' makes 208 (the twenty-fourth in the list), A the 

o 
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107,564 

77,052 

- 52,174 
2,391. 

64,565 
39,783 

161 0 

15,190 
1,519 

26,709 
3,671 

7,194 

208 
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~?S SAT.IVP'.MAR.S1 VEN.EN M ER.C. VINDING 
~ . . 

H 

7194 drieentwintichfie in de 
oirden , en des inronts verfte
punt is F,naeftepunt E,daer na 
fy op Bals middelpGt befchre
vi! het jnront G H evé an E F, 
diés naeftcpunt G: Dit fo fijn
de,enom nu te hebbé de mee
fie verheyt 0 F, fo vergaeIick 
tOt CA 10000, de uytmiddel
punticheytlijn De 2oSvieré. 
twin tichfte in d' oirden , mette 
halfmiddelJijn AF 7194 drie. 
entwintichfte in d' oirdé,comt 
t'famé voor de meefie vcrbeyt 
D F 17402: Ende om te hebbë 
de minfie verhcyt DG, iek 
u:eck OC 2.08 met G B 7194-
t'Camen7502,vanCB 10000, 
en blijf! voor de minfte ver
-heyt D G 2.598. 

Maerom nu te fien fulcke 
overeencomming met cé roe
iendé Eelteloot , laet het ront' 
I K fijn Saturnus wech, diens 

. middelpunt L, en de halfmid
dellijnILevë an A F doet als 

dle7J94, en t"middcJpuntdcs ~ertclootwechs ty M ,uytmiddelpunticheytlijn 
L M doende als C D :&08 Venuswecbs verftepunt van M fy I, naeftepunt K, 

, , voort (yop M als middelpunt be-
fchieven den EeItdootwech N O. 
diens halfmiddellijn M N evémet 
C A doetals die 10000. Dit fo we
fende,de meefte verheyt 0 I moet 
even fijn mette bove[chn:ven D F. 
'CD de minRe verheyt N I,evë met. 
te bovefchreven minae 0 G, want 
totIL7194, vergaeIt L M 2.08 met 
M 0 10000 , (omt voo.r 0 I (ghe
lijck bové quam voor 0 F) als V c

nus meefte verheyt 
diefe vandë urtdoot 
hebbencan 17402. 

De felve getrocken van-
o de heele middellijn 

N 0 20000, blijft voor 
de minfte verheyt die Venus vanden Eencloot hebben can 2 S98. 

En Venuswechs verftepunt was ten tijde van Plolemefl4, [00 hy feghe 
in a Hooftftick fijnSla boucx,onderdesduyfteraers SS tr~ 

Ende ghedaen fijnde dcrghelijcke rekeninghen met Mercurius, men 
bcvintQ'p)'tcomfl als volght : 

Merçu. 



- 183 -

deferent's apogee, Bits perigee. Furtber let tbere be described about A as 
centre tbe epicycle EF, whose semi-diameter AE makes 7,194 (the 
twenty-third in tbe list), then the epicycle's apogee is F, its perigee E. 
Thereafter let there be described about B as centre the epicycle GH 
equal to EF, whose perigee be G. This being so, and in order to have 
the greatest distance DF, I add to CA 10,000 the line of eccentricity 
DC 208 (the twenty-fourtb in the list), witb tbe semi-diameter AF 7,194 
(tbe twentythird in the list); this makes together for the greatest distance 
DF 17,402. And in order to have the least distance DG, I subtract 
DC 208 with GB 7,194, making together 7,402 1), from CB 10,000; 
then there is left for the least distance DG 2,598. 

But in order to see such correspondence witb a moving Earth, let 
tbe circle IK be Venus' 2) orbit, whose centre is L, tben tbe semi
diameter IL equal to AF, like the latter, makes 7,194; and let the centre 
of tbe Earth's orbit be M, the line of eccentricity LM, making (like 
CD) 208; let tbe apogee of Venus' orbit from M be I, its perigee K. 
Furtber let tbere be described about M as centre the Earth's orbit NO, 
whose semi-diameter MN equal to CA, like the latter, makes 10,000. 
This being so, the greatest distance Ol must be equal to the above
mentioned DF, and the least distance NI equal to tbe above-mentioned least 
distance DG, for if to IL 7,194 is added LM 208 with MO 10,000, tbis 
makes for Ol (as was found above for DF), as the greatest distance from 

177 

tbe Earth tbat Venus can have 17,402 
When this is subtracted from the whole diameter NO 20,000, tbere 

is left for the least distance from the Eartb that Venus can have 2,598 
And the apogee of Venus'orbit was at the time of Ptolemy, as he 

says in the 2nd Chapter of his 10th book, in _tbe ecliptic at 55° 
And when similar computations are made with Mercury, tbe result 

is found to be as follows: 

1) For 7,502 in the Dutch text read 7,402. 
t) For Saturnus in the Dutch text read Venus. 
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MET EEN ROE REN DEN E Eo R TeL OOT. 
Mercurius wechs balfmiddeJlijn 
Mercurius uytmidde1punticheytlijn 
Mercurius mc:ile verheyt 
Mercurius minfte \'erheyt 
Mercurius wechs verftepunt was te tijde van PtolemeUJ,roo hy reght 

iIll7 HooftLlick fijns 9 boucx,orl'der des duyfteraers 

MER CK T. 

279 
3511.· 
947· 

14519. 
HSl. 

190tr.· 

De ghetalen der halfmiddellijnen,uytmiddclpunticheytlijnen; verheden,én 
fchijn baer du yfteraerlangden hier boven befchreven gelijckfe gevonden wier. 
den, die [al ick nu andermael int corte oirdentlick by een vervoughen ,op dat 
daer uyt int volghende ghebruyckde begheerde ghetalen te gherieveIicker ge .. 
vonden meughen worden. . . 

BYEENVO.VGING VANDE 
~rv'Vaelders halfmiddeUijnen der rv'Veghen ~ uytmidderpuntic:.. 
heytljl1m, mujJe en minDe verheden vanden Eer/clool, a/temael in 
fllckedee/enalffir des EertcioollVechJ halfmiddel/jn looo(f)doet,met{
gadm der verHepfll1leTIJ fthjl1baer dfiJfleraerlangdm len lijde vatl 
Ptolcmeus. 

. . rf,ehs halfmiJJeUjn. 

"J/iIIidJelpur.lÎc"""I9;'. 
Mttfle 'Uerflt)t. 

MinJl. -Jerh,},. 
rtrf/epuntsfthfjnbat; 

a'<JfltraerJangde. 

Mereur.\ Pen/n. ,Btrrel •• '. Ma.". M4rs. I iUPit.r., Saturmn. 

357l 7194 JOCOO 488 IS190 Sll74 9l30S 
947 . lo8 \ 417 43 1 5J9 2.391 5Z.s6 

14S 19 17402 1°417 Hl 1 26709 645 6.s J07S64-
5481 2.598 9583 4+.s 3671 39783 770.sz 

I90tI. .s S tr.1 24S tr.30 •• US tr. 30 \16ltr .. 2.33 tr. 

TB E S L V Y T .Wy hebben dàn gevonde de halfmiddellijne der wégen,de 
uytmiddclpunticheytlijncn , met meefte en minfte verhedë vande DwaeJderS, 
in [ukke deelen aUfer des Eertdootwechs half middellijn loooodoet,deur wir. 
tonftigc wcrcking gegroot op ftellirig eens roerendë Eertdoots, na den eyfch. 

VER VOL G H. 

Aldus bekent Lijnde de reden derer Iinien vande Dwaelders weghen en haet . 
inronden , in fulcke deelen aUfer des Eertdoots halfmiddelIijn 10000 doet, en 
dat des Eertdootwechs half middellijn in haer begrijpt 12.10 halfmiddeIlijnen 
des Eendoots, fao in openbaerhoemen [al eonnen befehrijven fukkevoor .. 
ftellèn, als daer vcrmaen af gedaen is int:z. merek des 49 voorftels vant 2. bODck 
met ûeJling eens vanen Eertdoots,teweten fuIcke voorftellen als het 1.3 en 2+ 
vande Son,ooek ghelijck het 3 9 en 4Ó vande Maen: En boven dien hoemen 
vinden fal alle linien daer voorvallende, in fuicke deelen alllèI des Eeltcloot
wechs halfmiddelIijn 10000 doet. 

14 VOO R ST E 1... 
Tc beCchrijven den loop der drie bovenfieDvvaeIders 

Saturnus,IupirerenMarsinhaervveghen, op een ghege .. 
ven tij t, met fielling eens roerendenEertcloots. 

A a 4 1"GRE .. 
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Semi-diameter of Mercury's orhit 
. Mercury's line of eccentricity 

Mercury' s greatest distance 
. Mercury' s least distance 

179 

3,572 
947 

14,519 
5,481 

The apogee of Mercury's orbit at the time of Ptolemy was, as he says in 
the 7th Chapter of his 9th Book, in the ecliptic at 

NOTE. 
I will sum up once more hriefly and orderly the values of the semi-diameters, 

lines of eccentricity, distances, and apparent eclipticalJongitudes described above, 
as they have been found, so that the required values may be found more conveniently 
in the subsequent application .. 

LIST 
of the semi-diameters of the Planets' orbits, Hnes of eccentricity, greatest and least 
distances from the Eearth, all in such parts as the semi-diameter of the Earth's orbit 
has 10,000, as also the apparent eclipticallongitudes· of the aphelia at the time of 
Ptolemy. 

Semi-diameter of 
the orbit 
Line of eccentricity 
Greatest distance 
Least distance 
Apparent ecliptical 
longitude of 

Mercury 

3,572 
947 

14,519 
5,481 

Venus 

7,194 
208 

17,402 
2,598 

Earth 

10,000 
417 

10,417 
9,583 

Moon 

488 
43 

531 
445 

Mars Jupiter 

15,190 
1,519 

26,709 
3,671 

52,174 
2,391 

64,565 
39,783 

aphelion 190° 55° 245°30' 115°30' 161 ° 

Satuen 

92,308 
5,256 

107,564 
77,052 

CONCLUSION. We have thus found the semi-diameters of the orbits, the 
Hnes of eccentricity, with the greatest and least distances of the PIanets, in such 
parts as the semi-diameter of the Earth's orbit has 10,000, by means of mathematical 
operations based on the theory of a moving Earth; as required. 

SEQUEL. 
The ratio of these lines of the Planets' orbits and their epicycles thus being 

known, in such parts as the semi-diameter of the Earth's orbit has 10,000, and 
the semi-diameter of the Earth's orbit comprising 1,210 semi-diameters of the 
Earth, it is evident how it is possible to describe propositions such as have been 
announced in the 2nd note to the 49th proposition of the 2nd book, on the 
theory of a fixed Earth, to wit, propositions such as the 23rd and 24th on the 
Sun, as also the 39th and 40th on the Moon 1); and moreover how any lines that 
may occur can be found, in such parts as the semi-diameter of the Earth's orbit 
has 10,000. 

14th PROPOSITION. 
To describe the motion of the three upper Planets Satuen, Jupiter, and Mars 

in their orhits in a given time, on the theory of a moving Earth. 

1) These propositions, on the pages 171,201 and 221 ofthe Dutch original, concern 
the distances of the Earth to the Moon, to the Sun and to Saturn, all expressed in the 
semi-diameter ofthe Earth. 
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~So SA T.lVP. MA as, VEN. EN M E1~ C.VIN DING 
T'GHEGE YE N. Ommet Saturnus te beginnen Cao laet den tijt fijn van 

eendadl. 'I'BEGEERDE. Men wil daer op vindCndcnloop van Saturnus 
ianjn wecb,met ftelling eens Ioerenden Eertcloots. 

'I' W ERe K. 

Het is te weten dat Saturnuseyglrentlick weCende in fijn \Web tot fukken . 
plaets als daermen met !telling Ccns vallen Eertdoots het inroms middelpunt 

. teyckent I foó en heeft hy eyghentlickgheen ander loop, docndedaghelicxals 
int 18 voorftcldeSl bouaotr.z. 0.33.31.2.8., I. Angaendede \'oorofachtrin
ghen welcke men hem fier hebben, die en commen niet van wcghen een in
ront datmë hem deul fielling eens vallen EcrtcIoots toefchrijft • maer deur den 
Eertcloots loop, fukxdat hy met foodanich daghelicx rocrfel eenvoudclick 
in fijn wech dr:Kyt: Ende defghelijcx is oock tc verfiaen van Iupiter en Mats. 

T' BES L V Y T. Wy hebben dan befchreven den loop der drie bovenlle 
Dwaelders Saturnus, lupiter cn Mars in hacr weghen ,op een ghc:ghevcn lijt 
IllCt fieUing eeD'S ioeICnden ECllc:lootS,na den cyfch. 

VERTOOCH. 15 VOO R S TEL. 

De drie boven!l:e Dvvaelders Saturnus, Jupiter en 
Mars,ontfanghen met fteUing eens roerenden Eertcloots, 
dtfelve fchijnbaer duyfteraerlangdeen verheyt vanden 
Eertcloot, diefe hebbé met ftelling eens vafië Eertcloots. 

Om dit voorftcl oirdentlick l'evcrclarcn,iék fait in (cs leden verdeden, watt 
Mint cerfie fal fijn de teyckening van een der drie bovenfte als Marsloop met 
·1lelling eens vaften Eertclools. 

Inl tweede de teyáeniDg van Marsloop met tlc1ling eens roerend en Eert-
doots. . 

Int derddbewijsdat Mars in d'een en d'ander ftelling een fe1ve fchijribaet 
4uyfieraerlangdebecft, endefclve verbeyt van den Eertcloot als hyisin fijn 
iDIOnts verftepunt,en t'inIOnts middelpunt an fijn wecbs verftepullt, 

Dacr na om te ócwijfen fula alfoo overal te ghefchien, Coo fal tot berey. 
ding van dien int vierde lidt velclaeIt worden,hoe dat de halfmiddellij n van Sa
turnuswechs middelpunt tot des inlonts middelpunt,altijt evewijdcghe is Dlet. 
te halfiniddcllijn Vlln des inrontwechs middelpunt, tOt desinronts middelpunt: 
En des Eertclootwcchs halfllliddelJijn van haer middelptlDt touen Eertcloot. 
altijt evcwijdeghe mette halfmiddellijn des inIonts vant llliddclpunt tot 
~s. 

Int vijfde li.dr;dat Mars in d'cen en d' ander fteIIing tot allen plaetfen een fcl,. 
·ve fcbijnbaer duyfteraerIangde heeft,en de felve verheyt vanden Eertcloot. 

Int fefie vant verfchil datter valt tuifehen de wercJtingen van d' een en d' an~ 
der ftelling int berekenen der febi;nbaer duyftcracrlangde des Dwaclders. . 

I L I 'IJ T inhoudende tie teycltening 'Van Marsloop met Jiel-
ling eens 'Vanen Eertcloots. . . . 

Lact voor eerile ilelling ghenomen worden t'punt A ecn vallen Eertcloot 
Ie beleyckenë, en van A lOt B fy des Sonwcchs uytmiddclpuntidleytlijn doen

deca 



- 187 -

181 

SUPPOSITION. To begin with Saturn, let the time be one day. WHAT IS 
REQUIRED. It is required to find in that time the motion of Saturn in its orbit, 
on the theciry. of a moving Earth. 

PROCEDURE. 

It is to be noted that since Saturn actually is in its orbit in a place where on 
the theory of a fixed Earth the epicycle's centre is· drawn, in reality it has 
no other motion, and moves daily, as in the 18th proposition of the lst book 1), 
0° 2,0,33,31,28,51. As to the advance-or-Iag 2) that it is seen to have, this is not 
caused by an epicycle ascribed to it on the theory of a fixed Earth, but by the 
motion of the Earth, so that with this daily motion it simply revolves in its orbit. 
And the same is also to be understood of Jupiter and Mars. 

CONCLUSION. We have thus described the motion of the three upper 
Planets Saturn, Jupiter, and Mars in their orbits in a given time, on the theory 
of a moving Earth; as required. 

THEOREM. 15th PROPOSITION. 
The three upper Planets Saturn, Jupiter, and Mars on the theory of a moving 

Earth acquire the same apparentecliptical longitudes and distances from the 
Earth that they have on the theory of a fixed Earth. 

In order to explain this proposition properly, 1 will divide it into six sections, 
the first of which is to comprise the drawing of One of the three upper Planets, 
namely Mars' motion, on the theory of a fixed Earth. 

The second, the drawing of Mars' motion on the theory of a moving Earth. 
The third, the proof that on either theory Mars has the same apparent ecliptical 

longitude and the same distance from the Earth when it is at its epicycle's 
apogee and when the epicycle's centre is at the apogee of its orbit. 

Thereafter, in order to prove that this happens thus always, in preparation 
of this it will be explained in the fourth section how the semi-diameter from 
the centre of Mars' orbit 3) to the planet itself 4) is always parallel to the. 
semi-diameter from the deferent's centre to the epicycle's centre, and the semi
diameter of the Earth's orbit from its centre to the Earth always parallel to the 
semi-diameter of the epicycle from its centre to Mars. 

The fifth section, that in all places Mars has on either theory the same 
apparent ecliptical longitude and the same distance from the Earth. 

The sixth, of the difference between the operations on either theory in the 
computation of the apparent ecliptica! longitude of the Planet. 

lst SEC T ION, comprising the drawing of Mars' motion on the theory 
of a fixed Earth. 

Let it first be assumed that the point A denotes a fixed Earth, and ·let the Hne 
from A to B be the line of eccentricity of the Sun's orbit, according to Ptolemy's 

1) See Stevin's "2nd Method" in the 19th proposition of the Ist book, p. 97. 
2) Here advance-or-lag is used, as it was in the 18th Definition of the First Book, for 

the total deviation, by the epicycle as weIl as by the eccentricity. 
3) For Satumuswechs in the Dutch text read Marswechs. 
') For des inronts middelpunt in the Dutch text read an expression equivalent to "the 

planet itself". 
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MET EEN R. 0 ! R. END ENE Elt TeL OOT. 281 
ae .,a Plo/muN4 rckc.,i"g t'fij.,deuijt ful,ke",17, al1fer des Sonwc,hs halfmid
dclli;n die B C fy ICOOO doet deur bet 13 voorfid defes 3 bouel, mene felvc 
:B C fl' op B als middelpunt befehreven de Sonwceh CD, waer in C A VOOrt
gheuocken tot D. foo is D t'naefiepuDt , C t'verfiepunt werende tot Ptoltmtlll 
tijt onder des duyfieraers 65 tr. 30®. Om hier op nute doende teY4ening 
des loops van «ruge der drie bovefroreven DwaeldersJck neem tot voorbedt 
daeE toe als boven ghefeyt is Man, wiens imontwechs verfiepunt ten tijde van 

I'IO/tmttl<l gheweeft hebbende onden!esduytleraers IJ S tr. 30 CD dcur.het IJ 
voorfiel deCes 3 boua, iek treek deur den vafien Eerrcloot A de Jjni E F van A 
tot F na des duyfteraers bovefcbrcven 11 S tr. 30 ® .te weten foo dat den houek 
CA F doe sotr.diedet fijn vandë 65 tr. 30 (!) daer Conder is,totlë us ti 3oC!> 
daer Fonder is. I,kfieldaetnainAF t'puntG, foodat AG fl' Marsinront
wechs uytmiddelpuntidleytlijn, doende deur het 13 vcorftelfuIcke IS 19, alf. 
fCI des Sonwcdl$ halfmiddcllijn 10000 doet: là teyckell daCl: naÎllde lini G J:l 

, ,'pUIn 
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computation making at his time 417 such parts as the semi-diameter of the Sun's 
orbit, which shall be BC, has 10,000, by the 13th proposition of this 3rd book; 
with the said BC let there be described about B as centre the Sun's orbit CD, 
in which, when CA is produced to D, D is the perigee, C the apogee, which in 
Ptolemy's time was at 65°30' of the ecliptic. In order to base on this the drawing 
of the motion of one of the three aforesaid Planets, I take as example, as has been 
said above, Mars; the apogee of the latter's deferent having been in Ptolemy's 
time at 115°.30' of the ecliptic, by the 13th proposition of this 3rd book, I draw 
through the fixed Earth A the line EF from A to F towards the point at 115°30' 
of the ecliptic described above, to wit, in such a way that the· angle CAF be the 
50° which are from the 65°30' at which C is situated to the 115°30' at which F 
is situated. I then take on AF the point G such that AG be the line of eccentriCity 
of Mars' deferent, making by the 13th proposition 1,519 such parts as the 
semi-diameter of the Sun's orbit has 10,000. I then mark on the line GF the 
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rpn'nfH, :dfoodát G a-dóct iS'I!pvcor Mars iRtOdtWèths half middellijn, 
w~Jckedeur het 13 voorftehaftdiC:l:nngdeisin,fUkke deelen alfferdes Soo'. 
wècbs halftiriddeUi;n BG 1 0000 doet : Iel( bc.tèhri'f daer na-op G als middel. 
pnnt,mettehalfmiddèHijn G H dC1l'inrontwedl H E,flÛende A F in Hals ha'Cl: 
verftepunt,en Eis t'naefiepunr. Daer na btfChrijfkktétccnige plactsMars in
JQnt,latet tetleèdlcll fijn op t'vetfiëpnnfHals middelpunt, en dat mette half. 
middellijnH Fevcnao B C (watlt ghclijckBCofH 110000, tet GH,alfoo 
. Plo/emet14 gevonden reden van des inronts half middellijn tot haer weehs half. 
middellijn ,tc weten van 39 deel 300, tot 60 deel deur het 11 voorfiel) welclc 
inmnt fy F I, diens vedlepunt F, naeficpunt 1, waer me Mars voorghenomen 
tcyckening met fielling eens \'{lfim Eerteloots A voldaen is. 

z L I ~ Tinhoudende deteyck!n;ng <van iMars{oop met pel/ing 
eens roerenden Eertclootl. - . . 

Om nu te commen totte teyckening met een roeren den Eertcloot,foo neem 
ièk den EeItcloot A nu te loopen , en de Son ail C vaft te fiaeo, én tcyeken in 
CA t'punt K, atfoo dat de uytmiddelpunticheytli;n C l<even fyan AB, en 
befehrijfop Kals middelpunt, meuehalfmiddelJijn KAdieevenismetBC 
het rondt A L als Eenclootweeh, diens naeftépunt L, verfiepunt A : Om nu 
hier op te doen de teyekening van Marsloop met fielling eens roerenden Eert
c1oots,ick treek deuu' punt K de lini M N evewijdeghe met E F , en fal daerom 
KNoock firecken na desduyfieraersllj Ir. 300 ghelijek A H; lek fieldaer 
na in K N t'pllnt Q, ~lfoO dat K ~ven (y ande uytmiddelpunticheytlijo AG. 
en tcycken t'punt :t:f,foodat Q!I even Cyan Mars inrontwecbs halfmiddeJlijn 
G H,en befchrijf daer me Matswech N M, fniende de Iini K N in N als verfie
punr.en in Mals naeaepunt. 

1 LI?) T inhoudendebe"P'tJijs Jat .'Mars in tle'éen tfander jleUing 
een fel'tJe fchijnbaer duyfleraèrlAngde heeft, en de [cfve rverheJt 
rvanden Eertcloot als hy ij inflin inronts<verflepunt, en t'in
ronts middelfunt arJ fijn ~echl rverilepunt. 

Ghenomen dat Mars inronts middelpunt H met fielling eens vallen Eert. 
c100ts A fyan fijn wechs verfiepunt H, en Mars aot in roots verfiepunr F, foo 
faIt van A tot F fijn inde grootile verheyt die Mars vanden vanen Eertcloot 
wefcn ean, ende dien volghens Coo fal Mars met fielling eens roerenden Eert
c\()()(s moeten wefen an fijn wechs vcrfiepunt N , en den roerendé Eertcloor an 
P, want daer me ~fi vanden roerenden Eencloot P tot Mars an N, even foo ver. 
re als vanden Eertcloot A,tot Mars int inront an F, uyt oirCaeek dat Marswechs 
half middellijn ~ mette uytmiddelpuDticheytiijn <US' even fijn an des in
rontwechs halfmiddellijn G H mette uytmiddelpumicheytlijn G A, en boven' 
dien KP halfmiddellijn des Eertclootweehs, even met H F half middellijn des 
mrtmt9. V óOrtwant P N ~n A Fc:tew'ijdeghe fijn, föóW<lrt Mars in d' een en 
d'ande~ {telling fchijnbat:diGt tot ccnftlvc plaet' des duyfteracrs ghefien:Endc 
~mderghelijtke tedenCQ ift ópCnbacrpat dcalderconftevelheyt f M met fiel. 
liftg eens rocrcD<kln EendOOts evcn moet fijn an d'a1dcrc:ortftemct ficlling des 
yaRen Eert dootslwclCik hîudè fi;n de linivan A tot 6itsinfOntSnaeftepunt bJ 
2ldient €>p E als middelpunt bcfchrc:vcn waC!r.matr oDjbeteyckcat gbclaten is 
om deur yftlliniclt ghetq 4u)fieJhe)'l te veaoirfaken. 

, ... LIDT 
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point H such that GH makes .15,190 for the semi-diameter oi Mars' deferent, 
which by the 13th proposition is of that length in such parts as the semi-diameter 
of the Sun's orbit BC has 10,000_ I then describe about G as centre, with the semi
diameter GH, the deferent HE, intersecting AF in H as its apogee, and E is the 
perigee. Thereafter I describe in some place Mars' epicyde: let it first be about 
the apogee H as centre, such with the semi-diameter HF equal to BC (for as BC or 
Hl 10,000 is to GH, so is the ratio ofthe epicyde's semi-diameter to the semi-diameter 

of its orbit found by Ptolemy, to wit, of 39P30' to 60P
, by the lltb proposition), 

which epicyde shall be PI, whose apogee is F and perigee I,. with which tbe proposed 
drawing of Mars on the theory of a fixed Earth A has been completed. 

2nd SEC T ION, comprising tbe drawing of Mars' motion on the tbeory 
of a moving Earth. 

In order to come to the drawing on the tbeory of a moving Earth, I now 
take the Earth A to move and the Sun to be fixed· at C, and I mark on CA the 
point K such that the line of eccentricity CK be equal to AB, and I. describe 
about K as centre, with the semi'diameter KA, which is equal to BC, the cirde 
AL as tbe Eartb's orbit, whose perihelion is Land aphelion A. In order to base 
on this the drawing of Mars' motion on the tbeory of a moving Earth, I draw 
tbrough the point K the line MN parallel to EF, and therefore KN will also tend 
towards 115°30' of the ediptic, like AH. I then take on KN the point Q such 
that KQ be equal to the line of eccentricity AG, and I mark tbe point N such 
that QN be equal to the semi-diameter of Mars' deferent GH, and with this 
I describe Mars' orbit NM, intersecting the line KN in N as apogee and in M 
as perigee. 

3rd SEC T ION, comprising the proof that on either theory Mars has the 
same apparent ecliptical longitude and the same distance from the Earth when 
it is at its epicyc1e's apogee and when tbe epicyde's centre is at the apogee 
of its orbit. 

Assuming that the centre H of Mars' epicyc1e, on the theory of a fixed Earth A, 
be at the apogee H of its orbit, and Mars at the epicyde's apogee F, the distance 
from A to F will be the greatest distance at which Mars can be from the fixed 
Earth, and consequentlyon the theory of a moving Earth Mars will have to be 
at the apogee N of its orbit and the moving Earth at P, for thus it is as far from 
the moving Eartb P to Mars at N as from the Earth A to Mars in the epicyde 
at F, because the semi-diameter of Mars' orbit QN, with the line of eccentricity 
QK, is equal to the deferenrs semi-diameter GH with the line of eccentricity GA, 
while moreover KP, semi-diameter of the Earth's orbit, is equal to HF, semi
diameter of the epicyde. Further, since PN and AF are parallel lines, on either 
theory Mars is seen apparently in the same place of the ediptic. And for similar 
reasons it is evident that the shortest distance PM on the theory of a moving 
Earth must be equal to the shortest distance on the theory of a fixed Earth, which 
would be the line from A to the epicyde's perigee, if it were described about E 
as centre, but it has not been drawn, so as not to cause obscurity on account of a 
multitude of lines. 
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MET EEN ROEREND~N EER'I'CLOOT. 28J 

. 4 L I en T Jat de halfmiddellijn rval,,~MarJ"'t1"PecbJ middelpunt 
. tot des ;/JTonts middelpunt.) altijt ~e"PlJijdeghe i.t mme half. 

middeUijn rvan des inront.ft/l1echs middelpunt tot des inrontJ 
middelpunt: En des eertclootlJlJechs halfmiddeUijn rvan bae,. 
middelpunt totten Eertcloot, "«ijt elJe"V"pijd~ghe mme haf
middeUijn des inronts rvant middelpunt tot M (m. 

Lael Mars inronrs middelpunt ghecommen fijn van H tOl R, deur welcke 
1\ getroeken de rechte G R S,foo fy S middc1verftepunr ,van t'welck daerentuf. 

. (chen Mars meI ftelling eens vaften Eeuc100ls ghecommen fy tOl T: En hier 
. om falMars meI fiellillg eens roerenden EendooIs op dien rijl ghecommen' 

fijn van N lot V,fcodarde boochN V even isandeboochH R,engheuocken 
. Q.Y fy is even en evewijdeghe met G R. . 

Oock fal den roerenden Eertdoot die doen was an P, van daer gedaen heb
ben den loop P LX, even ande bovefchre\'en twee als P L even neem ick an 
S T,en L Xghe1ijck met N V,ofden houek L K X even metrë bouek N Q V. 
her wekk foo wefen moet deur het 33 voorftel des 1 bouex, alwaer bewefen is 
Mars verfiepundloop met lijn inronlfloop t'famen even Ie wefen mette Son
loop,r'we\ck hier oock is mellen Eertdootloop. 

N u dan den roerenden Fendoor gefien uyt K, iäl fuIcken loop gedaen heb'; 
ben in fchijnbaer duyfieraerlangde als de booch P LX mebrengt: En dergelijc
ke loop in fchijnbaer duyfteraerlangde fal ood gedaen hebben Mars met /lel
}jog eens vallen Eertcloots. Dil foo wefende, den roerenden Eerrclèot gelien 
uytlijn wechs middelpunt K, fal fukken loop ghcdaen hebben in fchijnbaer 
duyfieraerlangae, als Mars meI fielling eens vafien E ertcloots ghe!ieD uyt fijn 
inronts middeJpunt,en daerom moeten hun Iwec halfmiddeJlijnen K X, R T. 
c\'ewijJt"ghe lijn ghcJijckfewaren iut begin des loops, teweten H Fmet KP. 
cn ghelijck de ftrecking vam middelpunt K totlen Eendoot P, doen was na de 
ugenoverlijde derfirecking vant middelpunt H lot Saturnus F,alfo Is nu ooek 
de ftreckingyant middelpunt K lotten EertcJoot X, na de teghenovedijde del: 
ihccking vam middelpunt R tot Saturnus T • 

. 1 LlmT datMars;n d'eenen d'ander fleUingtot aUm p!Aet[en 
een fetVe fthijnblter duyileraerlangde heeft) en de fet'Perverheyt 
rr;anden Eertcfgot. 

OOllottet bewijs te commen icktrcckde\'ierlinien AR,AT,KV, VX •. 
en fegh daer me aIdus:Angefien des driehoucx K V Q lijde K ~. ('vE en cvewij
deghe is meI des drichoucx A R G lijde A G,fgelijcx Q V even en evewijd('ghc 
met G R deur her 4lidr, foo moet de derde fijde K V even en cvewijdeghe lijn 
mette derde A R: Voort fegh iek dat anghefien des drichoucx K V X lij de K V,. 
cvenen evewijdeghe is meI AR, en KXeven.en evewijdeghemet R T,deur 
bet 4lidt, foo moet di: derde tijde X V even en evewijdegbe fijn mette derde 
A T ,en daerom fietmen Mars an V uyt den loerenden l:.eneloot X,fchijn baer
lick totle fel ve plaels des duyLleraers daermë hem an T ûet uyt den vanen Eert
dootA,enisfoo veue van V totx,ab van TtotA. 

6 Ll'])T 
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4th SEC T ION, that the semi-diameter from the cent re of Mars' orbit to 
Mars itself (QV) 1) is always parallel to the semi-diameter from the deferent's 
centre to the epicycle's centre. And the semi-diameter of the Earth's orbit 
from its centre to the Earth always parallel to the semi-diameter of the 
epicycle from its centre to Mars. 

Let the centre of Mars' epicycle have travelled from H to R, and if through 
this R is drawn the: straight line GRS, let S be the mean apogee, from which 
meanwhile let Mars on the theory of a fixed Earth have travelled as far as T. 
And for this reason, on the theory of a moving Earth Mars will in that time have' 
travelled from N to V 2), so that the arc NV is equal to the arc HR, and when 
QV is drawn, it is equal and parallel to GR.. 

The moving Earth, which' then was at P, will also have performed thence 
the motion PLX, equal to the above-mentioned two, namely PL, which I take to 
be equal to ST, and LX equal to NV, or the angle LKX equal to the angle NQV, 
which must be so by the 33rd proposition of the 1st book, where it has been 
proved that the motion of Mars' apogee together with the motion in its epicycle 
is equal to the Sun's motion, which is here also equal t~. the Earth's motion. 

Now the moving Earth, seen from K, will have performed the same motion 
in apparent ecliptical'longitude as the arc PLX amounts t~. And a similàr motion 
in apparent ecliptical longitude will also have been performed by Mats on the 
theory of a fixed Earth. This being so, the moving Earth, seen from thé centre 
of its orbit K, will have performedthe samemotion in apparent eclipticallongitude 
as Mars on the theory of a fixed Earth, seen from the centre of its epicycle, and 
therefore their two semi-diameters KX, RT must be parallel, as they were at 
the beginning of the motion, to wit,' HF to KP, and just as the direction from the 
centre K to the Earth P thenwas opposite to the direction from the centre H to 
Mars 3) F, sa the direction from the tentre K to the Earth X is now opposite to 
the direction from the centre R to Mars 4) T. 

5th SEC T ION, that in all pI aces Mars has on either theory the same 
apparent ecliptical longitude and the same distance from the Earth. 

In order to come to the proof, I draw the four lines AR, AT, KV, VX, and 
then say as follows: Since the side KQ of the triangle KVQ is equal and parallel 
to the side AG of the triangle ARG, and likewise QV equal and parallel to GR, 
by the 4th section, the third side KV, must be equal and parallel to the third 
side AR. Further I say that since the side KV of the triangle KVX is equal and 
parallel to AR, and KX equal and parallel to RT, bythe 4th section, the third 
side XV must be equal imd parelle1 to the third si de AT, and therefore Mars 
is seen at V from the moving Earth X, apparently in the same place of the 
ecliptic where it is seen at T from the fixed Earth A, and it is as far from V to 
X as from T to A. 

1) For des inronts middelpunt in the Dutch text read the equivalent of "Mars itself". 
Here the parallelism of QV to GR is demonstrated: QV belongs to the theory of the 
moving Earth, in which no epicycles occur, Vis the position of Mars. 

I) Note that V is not really situated on the epicycle ST, but only on the orbit MN. 
8) Fot Saturnus in the Dutch text tead Mars. 
t) Fot Saturnus in the Dutch text tead Mars. 
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2S", SAT.IvP.MARs, VEN.ENMERC.·VINDING 

d LID T 'Van t''Verfchil datter rvalt tuJfchen de ~ercRjngheTl 
'Vitn ä een en (i' ander fleUing, int . bere~enen der fthijnbaer duy
.fle.r-aerlangde del' 7J"P"Paelderr • 

. Metlldlingeen vaften eertc100ts ontmoctt ons intrekenen der foucking 
van Mars Cchijnbaer duyfieraerlangde deCes voorbeelts den gemetnen vierden 
hOllek A G R T, met vijf bekende palen, te welen drk lijden A G, G R, R T, 
ahijt van een fe!ve bekende langde: Voort den houek A. G R als halfrontfehil 
des bekenden houcx H G R , middelloop van des inroms middelpunt, cri den 
houck G R T als halfromfchil des bekenden houcx S R T middelloop van 
Mars int inront • waer me deur het 6 voorfiel inde Byvough der plane veel. 
houcken ghevonden lijnde den onbekenden houck GAT, en die vervought 
totle bekende duyfieraerlangdedaer A G henë firea, dats lla den lij tr. 30 eD. 
men becft t'begheerde. 

Maer met fieHing eens roerenden Eerlcloots ontmoet ons hier den cruyf.. 
vierbouck K~ X, met vijf bekende palen, te weten drie LIjden K ~Q.Y. 
K X, altijt van een Celve bekende langde, VOOrt den houck K Q. V,als haltèont~ 
fehil des bekenden houcx N QY middelloop van Saturnus in lij n wech, en dé 
houck QKX, wefende des Eertcloots middellangde L K X, min den houck 
L K 0 van jotr, waerme deur het6voorfiel inde Byvough dcrplatte veel. 
hou eken ghe\'onden lijnde den onbekenden houek K XV, en die ghetroeken 
vande bekende duyfieraerlangde daer X K henen fireekt , t'welck is de fehijn
baer duyfteraerJangde der Midddfon K,men heeft t'beghcerde, en moet noot
fakelick t'/èlve befluyt voortbreng hen datmen deurd'cerfie wereking heeft. 

Sulcx als hier isghewec:ft het bewijs van Mars, foo fait ooek fijn ,'an Satut-
nusen Jupiter. ,. 

TB ES L VY T. De drie bovenfie Dw~eldersdan Saturnus,Jupitcr en Mars 
onlfanghen meI fielling eens roerenden Ee11cloors de felvc fchijnbaer duyfie
raerlangde,en "erheyt van den Eencloor, diefe hebben met fteJling eens vafien 
Eencloots, t'weIck wy bewijfen moeften. 

I MER C K., 

Hier machmen nu fien d'oirfaeck hoet inde oncyghen llelling eens vallen 
Eellcloots by eomt • dat des iDIonts midde1punls loop in lijn weeh, en des 
Dwaelders loop in fijn inront, t'famen even vallen ande Sonloop, en niet int 
wefen te befiaen dat die Dwaelders totte Son een opficht nemen als tot hacr 
Coninek,ghelijck irit 6 voorfiel defes 3 boucx ghefeyt is dat fommige hemlien 
daer in verwonderen, want inde wefentlieke fake en iffeIniet dan. den Dwael
der,en den Eencloot,e1ck met fijn eygeri roerfel infijnwech , wacr me de on
eyghcn verLlerde fielling des vaften ECItc1oO!s gheraeckt fulden OVCleen
comminghen teerijgheD. 

2 MERCK. 
. Om in dit voorbcelt noch te fien de overeencomming vande Son .metten 
Bertc100t cn Saturnus,in d'een en d'3ndcI fielling, ick treek de lini XC vandé 
. roerenden Eertcloot X totte vafieSoll C: Maer Want in die llcllingdenroc. 
renden Eertdoot is ghecommen van A over Pen L t Ot X, foo 1äl op den fc:1-
Ven tijt met ftelling eens vallen EertcloOls, de roerende Son moeten ghecom
men fijn van Cover D tot Y, !ida dat de booeh C DY, even fy mene boom 

APLX: 

f 
I 
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6th SEC T ION, of the difference between the operations on either theory 
in tbe computation of the apparent eclipticallongitude of the Planets. 

On the theory of a fixed Earth we meet, in the computation of the finding 
of Mars' apparent ecliptical longitude in this example, with the ordinary 
quadrilateral AGRT, with five known terms, to. wit: three sides AG, GR, RT, 
always of the same kn~wn length; further the angle AGR as supplement of the 
known angle HGR, mean motion of the epicycle's centre, and the angle GRT 
as supplement of the known angle SRT, mean motion of Mars in the epicycle; 
and tbus, tbe unknown angle GAT being found, by tbe 6th proposition 
in tbe Supplement of Plane Polygons 1), and added to the known eclipticallongitude 
towards which AG tends, i.e. 115°30', the value required is obtained. 

But on the theory of a moving Earth we meet here with the crossed quadrilateral 
KQVX, with five known terms, to wit: three sides KQ, QV, KX, always of the 
same known length, further the angle KQV as supplement of the known angle 
NQV, mean motion of Mars 2) in its orbit, and tbe angle QKX, being tbe 
Earth's mean longitude LKX minus the angle LKO of 50°; and thus, the unknown 
angle KXV being found, by the 6th proposition in the Supplement of plane 
polygons 1), and subtracted from the known ecliptical longitude towards which 
XK tends - which is the apparent ecliptical longitude of the Mean Sun K -
the value required is obtained, and this operation must necessarily lead to the 
same conclusion as. that obtained by the first operation. . . 

As the proof fór Mars has been here, such it will also be for Saturn and 
Jupiter. 

CONCLUSION. The three upper Planets Saturn, Jupiter, and Mars therefore 
on the theory of a moving Earth acquire the same apparent ecliptical longitudes 
and distances from the Earth that they have on the theory of a fixed Earth; 
which we had to prove. 

lst NOTE. 
Here we can see the cause why it is that according to the untrue theory of a 

fixed Earth the motion of the epicycle's centre in its orbit and the Planet's motion 
on its epicycle together are equal to the Sun's motion, and that in reality those 

. Planets do not take their guidance from the-Sun as from tbeir King, as has been 
said in the 6th proposition of tbis 3rd book that some people wonder about it, 
for in reality there is nothing b~t the Planet and theEarth, each with its own 
movement in its orbit, as a result of which the untrue, fictitious theory of the 
fixed Earth obtains such correspondences. 

2nd NOTE. 
In order to see intbis example the correspondence of the Sun with the Earth 

and Mars 3), -on either tbeory, I draw tbe line XC from tbe moving Earth X to 
the fixed Sun C. But since on this theory the moving Earth has travelled from 
A via Pand L to X, the moving ~un in tbe same time, on tbe theory of a fixed 

1) Stevin's Trigonometry, Work XI; i, I2, Appendix on Plane polygons. See Vol. II B, 
p. 755. In the 6th proposition he considers a quadrangle and shows how all 8 angles 
and sides may be found, if 5 independent ones are given. 

I) For Saturnus in the Dutch text read Mars. 
3) For Saturnus in die Dutch text read Mars. 
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A PLX :T'wclckfoo we[endeA Ymoet even enevewijdeghe fijn metXC, 
en vervolghens de vafie Son C , wort uyt den roerenden Eertcloot X ghefien 
onder de fdve duyfieraerlangde alsde roelcnde Son an Y, uyt den vafien Eert· 
doot A. VoortwantXC evewijdegheismet A Y,enXVmetA T,fooisden 
houek V XC, even metten houd;; T A Y , waer deur ooek de [ehijn baer vcr
heyt van Saturnus Vlotte vafte Son C,ghefien uytden roerenden Eertcloot X, 
even is ande fehijnbaer verheyt van Saturnus Ttotte roerende Son Y ghefien 
uyt den va~en Eertc!oot A. 

3 MERCK 

Anghefien de twee fiellinghen des eerfien en tweeden lidts ,d' een met een 
vafien Eertdoot, d'ander met een roerenden , t'famen in een form fiaen, deu!: 
dien t'bewijs Culcx daervereyfehte,en dattet tot meerder daerheyt cao dienen, 
de fclveekk, befon~ellick te fien J foo heb ickfe hiel van malcander ghefchey-

. deo als blijekt •. 

Bb 16 VOOR. 
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Earth, must have travelled from C via D to Y, so that tbe arc CDY shall be equal 
to the arc APLX. This being so, AY must be equal and parallel to XC, and 
consequently the fixed Sun C is seen from the moving Earth X at the same 
ecliptical longitude as the moving Sun at Y from the fixed Earth A. Further, 
since XC is parallel to AY, and XV to AT, the angle VXC is equal to the angle 
T AY, as a result of which also the apparent distance from Satuen V to the fixed 
Sun C, seen from the moving Earth X, is equal to the apparent distance from 
Mars 1) T to the moving Sun Y, seen from the fixed Earth A. 

3rd NOTE. 

Since the two tbeories of the first and the second section, one with a fixed and 
the other with a moving Earth, have been given together in one figure, because 
the demonstration required this, and since it may serve to make things clearer 
. when each is seen separately, I have here separated tbem, as appears hereafter. 

1) Fot Saturnus in the Dutch text read Mars. 



- 198 -



- 199 -



- 200 -
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16 VOO R S TEL. 

Te befchrijven den loop der tvvee onderfie Dvvael
ders Ven us en Mercurius in haer vveghen,op een ghege .. 
ven tij t, met fielling eens roerenden Eertcloots. 

T' G HEG HE VEN. Om met Venus te beginnen, foo la et den tijtfijn van 
een dach. T' BEG H EER D E. Men wil daer op vinden dë loop in haer wech 
met ftelling eens roerenden Eertdoots. . 

T'WERCK. 

TOIten loop van haer inroms middc:lpunt met ftel. 
ling eens vaften EertdoOIs doende op een dach deur 
het 36 voorftcldes 1 boucx 0 tr. 59. 8. J7.13.U.3I. 

Vergaert haer inronts loop eens dachs) doende deur 
het41 voorfteldes I bouo: otI.36.j9.:z.j.j3.1I.1S. 

Comt t'famen voor den begheerden loop eens dachs 
van Venus met fielling eens roerenden Eendoots I tI. 36. 7.43. 6.2.3.59. 
GheJi1erckt het volghende * VCItooch wefende het 11 voorftel tot bewijs TbeOTtma. 

defes * werckftucx dient, foo fullen wy dat daer voor laten verftreeken. Ende Probel.ma
fgbelijcx fal oock fijn den voonganck met Mercurius. T' BES L V Y T. Wy t". 
hebben dan befchrevé den loop deIlwce onderfte Dwaeldels Venus en Mer. 
curius in·haer wcghen,op een ghegheven tijt, met ftelling eens roerenden 
Ecnc1oots, na deneyfch. 

VER T 0 0 C H. 17 VOO R S TEL. 

De tvvee onderfie Dvvaelders Venus en Mercurius, 
. ontfangen met fielling eens roerenden Eertcloots de fel
ve [chijnbaer duyfieracrlangde, en verheyt vanden Eert
doot, diefe hebben met fielling eens vafien Eertcloots. 

Om dit voorftet oirdentlick te verclaren ,ick faIt in fulcke fes leden verdee· 
Jen,als int Ij voorftel mette drie bovenfie ghedaen is> ghebruyckcnde Venus 
tot vootbeelt. 

1 LI D T inhoudende de teyck.!ning IVAn Ve11lll "'op met Jlelling 
eens rvaflenEertcloots. 

Laet voor ee)fie fielUng A ghenomen word.en een vafien Eeucloot te be. 
leyckenen, en van A tot B fy des Sonwechs uylmiddelpuntiche~tljjn. doende 
na Plolemtf# rekening t'fijnder tijt fulckc 417 aUfer des SOJlwechs halfmiddc:l. 
lijn dieB Cfy 10000 doet deur het 13 voolficldefes 3 boucx,mcttefelveB Cfy. 
op B als middelpunt bcfchrevcn de Sonweeh CD. waer in C A voortghetroc. 
ken tot D,foo is 0 t'naeftepuDt, C t'verftepunt, wefende tot Ploltmtll4 tijt on
der des duyfteraers Ój tr. 300. Om hier op nu te doé de teyekening des loops 
van eenige der twee bovefchreven Dwaelders, ick neem tot vootbedt daer toC 
ab boven gbefeyt is Venus) wiens inrontwedls velftcpunt ten tijde van PlO/t-

B b Zo fIIefil 
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16th PROPOSITION. 

To describe the motion of the two lower Planets Venus and Mercury in their 
orbits, in a given time, on the theory of a moving Earth. . 

SUPPOSITION. To begin with Venus, let the time be one day. WHAT IS 
REQUIRED. It is desired to find its motion in that time in its orbit on the theory 
of a moving Earth. 

PROCEDURE. 

When to the motion of its epicycle's centre on the theory of a fixed Earth, 
being in one day, by the 36th proposition of the Ist book 0° 59, 8,17,13,12,31 
there is added its epicyclic motion in one day, being by 
the 41st proposition of the Ist book 0° 36,59,25,53,11,28 
this makes together, for the required motion of Venus in 
one day on the theory of a moving Earth 1 ° 36, 7,43, 6,23,59 

Considering that the subsequent theorem, being the 17th proposition, serves 
as proof of this problem, we shall use it as such. And the procedure with Mercury 
wil! be similar. 

CONCLUSION. We have thus described the motion of the two lower Planets 
Venus and Mercury in their orbits, in a given time, on the theory of a moving 
Earth; as required. 

THEOREM. 17th PROPOSITION. 

The two lower Planets Venus and Mercury on the theory of a moving Earth 
acquire the same apparent ecliptical longitudes and distances from the Earth that 
they have on the theory of a fixed Earth. . 

In order to explain this proposition properly, I shall divide it into six sections, 
as has been done in the 15th proposition for the three upper Planets, taldng 
Venus as example 1). 

lst SEC TI 0 N, comprising the drawing of Venus' motion on the theory 
of a fixed Earth. 

First let A be assumed to denote a fixed Earth, and let the line from A to B 
be the line of eccentricity of the Suq's orbit, according to Ptolemy' S computation 
making at his time 417 such parts as the semi-diameter of the Sun's orbit, which 
shall be BC, has 10,000, by the 13th proposition of this 3rd book. With the said 
BC, about B as centre, lef there be described the Sun's orbit CD, in which, when 
CA is produced to D, D is the perigee; C the apogee, which in Ptolemy' s time 
was at 65°30' of the ecliptic. In order to base on this the drawing of the motion 
of either of the two aforesaid Plan ets, I take as example, as has been said above, 

1) For this theory, see the explanatory diagrams and text in the Introduction, 
p. 16-17. 
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288 SAT.Ivp,MAks,VEN,EN MERC.VINDING 
",et14 gheweeft heb. 
bende onder desduy
ftc:raers 5.s tr .deur het 
13 voornel defes J 
boucx, iek treek deur 
den vaften Ecrtcloot 
A, de lini E Fvan A 
tot F , na des duyfte~ 
racrs bovcfehreven 
.s 5 tr, te weté foo dat 
dé houek C A F doe 
10 tr. 30 ® , diedc[ 
ujn vanden H fr. 
daer Fonderis , totté 
Ój tI. 30®.daer C 
onder is~ lek ftel daet 
nain A F t'puntG,fo 
dat AGfyVenus in 
rontweehs uytmid
del punticheytlijn, 
doende deur het 1 J 
voorftel fuleke 208. 
aUra dès Sonweehs 
half middellijn B. C 
10000 doet: MacE 
want Venusinronts 
wech even is metten 

lertc\ootwceh ,ghèlijek ick gheCeytheb int IJ voodlel, en den felven Eert
~Iootweeh even mette Sonweeh, foo bcfehrijf iek 'Op t'PUntG als middelpunt. 
mette halfmiddellijn GA evé an des S~nweehshalfmiddcllijn B C.dé inlOot
weeh H E,fniende HF in Hals haer verftepunt,en E is t'naeftepunt: lek be
fehrijf daer na tot eenige plaetsVenus inrontweeh,latet ten eedkn fijn opt ver
ftepunt H als middelpunt, cri dat mette halfmiddcllijn H F ,doende deur t'ghc.
De verclaertisint 13 voorftel 7194, welck inront fy FI, waer me Venus 1eyc· 
kening met '(telling eens vaften Elrttcloots A voldaen is. 

z LID T inhoudende de' teyck!ning rvatz Venmloop met fleiling 
eens roerend en Eertcloots. ' , 

Om nu te commen IOne teyckening met ecn roerendé Eertcloot. foo neem 
jek den Eertc1001 A nu te loopen ,en de Son an C vaft te ftaen, en teyeken in 
CA t'punt K,alfoo dat de uYlmiddclpumicheytlijn C Keven fy an A B,en be
fehrijfop K als middelpunt. mene half middellijn K A die even is met B C,het. 
inront A L als Ec:rtcloOlweeb, diens naeftepunt L, verftepuDt A: Om bie rop 
te doen de teyekening van Venusloop met ftellingeens roerenden Eertcloots, 
iek tteek deur l'pUnt K de lini M N evewijdege met E F,fniende den EertcJoot
weeh in 0 enP,en fal daerom K Nooek ftrecké na des duyfteraers.ss tr.gelijck 
A H: IckftcldaernainKNt~puntQ,alCoo dat K~ven fyande uytmiddd
puntieheytiijnA G,en teyekét'puntN, foodatQ Neven fyan Venusinronts 
halfmiddeli j n HF. en befehri jf daer me Venusw (eh N M. Cniende de liDi K N 
in N als verftepunt)en in Mals Ilacftepunt. 

3 LIDT 
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Venus; the apogee of the latter's deferent.having been in Ptolemy's time at 
55° of the ecliptic, by the 13th proposition of this 3rd book, I draw through 
the fixed Earth A the line EF from A to F towards the aforesaid point at 55° 
of the eclipfic, to wit, in such away that the angle CAF be the 10°30' which 
are from the 55° at which F is situated to the 65°30' at which C is situated. 
I then take on AF the point G such that AG be the line of eccentricity of Venus' 
deferent, making by the 13th proposition 208 such parts as the semi-diameter 
of the Sun's orbit BC has 10,000. But because Venus' deferent is equal to ,the 
Earth's orbit, as I have said in the 13th proposition, and the said Earth's orbit 
is equal to the Sun's orbit, I describe about the point G as centre, with the 
semi-diameter GH 1) equal tothe semi-diameter of the Sun's orbit BC, the 
deferent HE intersecting HF at Has its apogee, and E is the perigee. Thereafter 
I describe in some place Venus' epicycle 2), let it be firstly about the apogee 
H as centre, such with the semi-diameter HF, making - by what has been 
explained in the 13th proposition - 7,194, whichepicycle shall be Pl, with 
which the drawing of Venus on the theory of a fixed Earth A is completed. 

2nd' SEC T ION, comprising the drawing of Venus' motion on the theory 
of a moving Earth. 

In, order tb come to the drawing on the theory of a moving Earth, I now 
take the EarthA to move and the Sun to be fixed at Ci and I mark on CA the 
point K such that the line of eccentricity CK be equal to AB, and I describe 
about Kascentre, with the semi-diameter KA which, is equal to BC, the circle 3) 
AL as the Earth's orbit, whose perihelion is Land aphelion A. In order to base 
on this the drawing of Venus' motion on the theory of a moving Earth, I draw 
through the point K the line MN parallel to EF; intersectingthe Earth's orbit 
in 0 and P, and therefore KN will also tend towards 55° of the ecliptic, like 
AH. Thereafter I take on KN the point Q such that KQ be equal to the !ine 
of eccentricity AG, and I mark the point N such that QN be equal to the semi
diameter of Venus' epicycle HF, and with this I describe Venus' orbit NM, 
intersecting the line KN in N as aphelion and in M as perihelion. 

1) For GA in the Dutch textread GH. 
S) For inrontswech in the Dutch text read inront. 
8) For infont in the Dutch text read ront. 
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1 L [7) T jnhoudende bC"P'Pijs datVenlf4 in ti een en d'afJder fleUing 
een felve fchijnbaer duyfleraerlang de heeft ~ en de Je lve-verheyt 
rvanden Eertcloot a/J [j iJ in haer inrClntsrverflepunt ~ en t';n-
ronts middelpunt an fi1nrvvechs rverflepunt. ... . . 

Ghenomen dal Venusinronts middelpunt H met fielling eensvafien Eert
cloots A, fy in fijn wechs verfiepunt H, en Venus ant inIonts verfiepuDt F. 
[oofalt van A totF fijn inde grootfie verheyt die Venus vanden vafu:n Eert
doot weren can ,en dien volghens foo fal Venus met ftellingeens lOerenden 
Ecrtdootsrnoeten weren an haer wechs verftepunt N,en den roerenden Eert
cJootanP,want daer me ifivanden roerendë Eeudoot PlOt Venusan N,even 
foo verre als vandë vallen Eencloot A, tot Venus int inront an F,uyt oir(aeck 
dat des Eertc100twechs half middellijn KP, mette uytmidde1punticheytlijn 
Q K, even fij n an des inrontwechs halfmiddellij n G H mene uytmiddel pun
ticheYllijn G A,en boven dien Q N half middellijn van Venuswech,even met 
HF halfmiddelJijn des inroOls!Voort want P N en A Fevewi;deghe fijn , foo . 
wort Venus in d'een en öander fielling fchijnbaeIlick tot een [elve punt des 
duyfieraersghefien : En om derghelijcke redenen illopenbaer dat de aldereow, 
fic verheyt NO met fiellingeens roerendë Eertcloots. evC'n moet fijn an d'an .. 
dercortfiemetflcUingdesvafien Eertdoots,t'we1ck foude fijn delini van A 
tot des inroms naefu:pWlt, by aldient op Eals middelpuntbefchreven waer, 

. maer onghe[eyck~nt ghelaten is om deur vecllinien gheen duyfierheyt te ver
.oilfakcn • 

.,. L I 'D T dAt de halfmiddeliijn rvan des êertcloot"P'l7echs middel
'lmt totten Eertcloot, altijt e"VC"P'Pijdegbe ti mette hatfmiddelr 
lijnrvatules inronnrvechs middelpunt J tot dcsinronts 1tJidJet
punt: En VenitJYVechs halfmiddeUijn rv_nt middelpunt tot Ve~ 
tJlM, a[tijt e"Ve'V':pijdeghe mate halfmiddeUqn des inronts rz;ant 
mitJdelpum tctVenm. 

Laet V mus inrontsmiddelpuntghecommen fi)'n Van H rot R. deur welde 
R ghetrocken de rechte lini G R S,foo fy Srniddelverftepunt. van t'welck daer
entuirchcn Venus met ftelJing eens vaftenEertdoots ghecommen fy tot T: 
Ende want den loop van VenuS in haer wech even is ande twee loopen, d' een 
vant inronts middelpunt dats 'hier den houckH G R, d'ander. van Venus int 
inront,dats hier denhouck S RT. foo moet Venus inde wech van N af daet
entuirchen gedacn hebben een loop even.3D die twee voorfchreven houcken, 
welcke Cy den verl\c:erden houck N Q... V, ende ghetrocken ctY, fy moet even 
en evewijdeghe fijn met RT. om t'bewijs dat op derghelijcke ghedaen is van 
Mars int 4lidt des I 3 voorfiels defes 3boucx: Oock fal den roerenden Eert
cloot die doen was an P • van dact ghedacn hebben den loop P X , even an des 
iDronts middelpums loopH R,waer deuroock de lwechalfmiddellijncn KX; 
G R, dier twee even rondcueven en evcwijdegbe moeten fijn. 

1 LI'DT datVen1l4 ind'eenen lantier jlelling totallenpl4et{en 
een fe['}Je fchijnhaer du;]fleraerlangde heeftJen de [el"tJe rverheyt 
rvdnden Eertc!qot. 

Bb 3 Om 
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3rd SEC T ION, compnsmg the proof that Venus on either theory has 
the same apparent eclipticallongitude and the same distance from the Earth when 
it is at its epicycle's apogee and when the epicycle's centre is at the orbit's apogee. 

When it is assumed that on the theory of a fixed Earth A the centre of Venus' 
epicycle H is in its orbit's apogee H, and Venus at the epicycle's apogee F, from 
A to F will be the greàtest distance at which Venus can be from the fixed Earth, 
and consequently, on the theory of a moving Earth, Venus will have to be at 
its orbit's apogee N, and the moving Earth at P, for thus it is just as far from 
the moving Earth P to Venus at N as from the fixed Earth A to Venus on the 
epicycle at F, because the semi·diameter of the Earth's orbit KP, and the line 
of eccentricity QK, are equal to the semi·diameter of the deferent GH and the 
line of eccentricity GA, while moreover QN, the semi-diameter of Venus' orbit, 
is equal to HF, the semi-diameter of the epicycle. Further, since PN and AF 
are parallel lines, Venus on either theory is apparently seen at the same point 
of the ecliptic. Ana for similar reasons it is evident that the very shortest 
distance NO on the theory of a moving Earth must be equal to the very shortest 1) 
distance on the theory of a fixed Earth, which would be the line from A to the 
epicycle's perigee, if it had been described about E as centre; but it has not 
been drawn, in order not to obscure the drawing by a multitude of Hnes. 

4th SEC T ION, that. the semi-diameter from the centre of the Earth's 
orbit to the Earth is always parallel to the semi-diameter from the deferent's 
centre to the epicycle's centre; and the semi-diameter of Venus' orbit from 
the centre to Venus always parallel to the semi-diameter of the epicycle from 
the cent re to Venus. 

Let Venus' epicycle's centre have travelled from H to R, and when through 
this R is drawn the straight line GRS, S shall be the mean apogee, from which 
meanwhile Venus, on the theory of a fixed Earth, shall have arrived at T. And 
because the motion of Venus in its orbit is equal to thetwo motions, one of 
the epicycle's centre, that is here the angle HGR, the other of Venus on the 
epicycle, that is here theangle SRT, Venus must meanwhile have performed in 
the orbit from N a motion equal to the two aforesaid angles, which shall be the 
opposite angle NQVj and when QV is drawn, it must be equal and parallel to 
RT, because of the proof furnished in a similar case for Mars in the 4th section 
of the 13th proposition of this 3rd book. The moving Earth, which then was at 
P, will also have performed from there the motion PX, equal to the motion of the 
epicycle's centre HR, in consequence of which the two semi-diameters KX and 
GR of those two equal circles must also be equal and parallel. 

5th SEC TI 0 N, that in all places Venus has on either theory the same 
apparent ecliptical longitude and the same distance from the Earth. 

1) For anderçortsle in the Dutch text read aldertorJsle. 
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Om tottet bewijs te commen ick treek de vie~ Iinien A R, AT, QY, V X, 

en fegh daer me aldus: Anghefien des. driehóucx KX Q fijde K ~ even en 
evewijdegheis met dcsdriehoucx AR G fijde A G,fghelijcxQ2S even en e"e
wi}deghe met G R,foo moet de derde fijde K X,even en evewijdeghe fijn met· 
te derde AR: VOOrt fegh ick dat anghefien des driehoucX ~ X fijde~, 
even en evcwijdeghe is met A R,en QY even en evewijdeghe met R T deur 
het 41idt,fo moet de derde fijde X V, even en evewijdege fijn mette derde A T: 
En daerom fietmen Venus an V llyt den roerendë Eertcloot X, [ehij nbaerlick 
totte felve plaets desduyfteraers datmé Venus fiet uyt den vanen Eertcloot A, 
cn is foo verre van V tot X, als van T tot A. 

6 L 17) T rvan t' rverfchil Jatter r,.;alt tujJèhea de rv"Verckinghen 
rvan ti een en d' ander fleUing ~ int ber-e/tenen der./èhijnbaer duy-
fleracr/angde der 'D-v-vaetders. . 

. Met nelliog eens \'allcn Eertclootsontmoet ons intrekenender foucking 
nn Venus fchijnbaer duyfieraerlangde defes vOOlbeelts den ghemeenen vier
houck A G R T ,mCI vijfbekende palen,te weten de drie fijden A G,G R,R T. 
alti;t van een felve bekende langde: Voort den houck A G.R, als halfrontfchil 
des bekenden houex H G R, middelloop van des imoms middelpunt, en den 
houck G R T, als halfrontfchil des bekendë houcx S R T middelloop van Ve
nus intinront, waer me deur het 6 voorfielindebyvough der platte \'ecJhouc· 
ken ghevonden fijnde den onbekenden houek GAT, en die vervought lotIe: 
bekende duyfteraerlangde daer A G henen ftreckt,datsnaden ss tr. men heeft 
het begheerde. . _ 

Maer met fielling eens roerende: Eertc100ts ontmoet ons hier dê cruyfvier
houck K Q3 X met vijf bekende palen,te weten drie ûjden K Q"Qy,K X,al
ti;tvaneen lèlve bekendclangde, ~oort den houekKQ V, als halfrontfehil 
desbekendé houcx N Q.Y rontfchil des niiddelloops van Venus in haer w«h 
en dé houck Q!5 x. werende rontfehil van des Eertcloots middellangde , waer 
me deur het 6 voorfiel inde byvough der platte veelhoueken, ghevonden-fi;n. 
de den onbekendé liouck K X V,en die vergaert totte bekendc duyfteraer\ang~ 
de dacI X K henen ftreekt, t'welck is de fehijn baer duyfieraerlangde der mid
ddfon K men heeft t'begeeroe, en moet nootfakeliek het eerfie bdluyt VOOI[. 
brenghen datmen deur d' eerfie werddng heeft. . . 

Sulcxalshieris gheweeft het bewijs van Venus, foo falt oock fijn van 
Mercurius • 

. T' BES LV Y T. De twee onderfte Dwaelders dan Venus en Mercurius, Ont-· 

fanghen met ftelling eens roerenden Eertdootsde fclve fchijnbaer dllylletaer
langde en verheyt vanden Eertc\oót ,diefe hebben met ftelling eens vafien 
ECItcloolS, I'wclck wy bewijfcn moefien. 

MER CK T. 
'I'is kennelick datmen de twee ftellinghen des cerften en tweeden lidts van 

Y,cnus t'famen in eenfor~g~emengt Lijnde, foude: meughen fcheyden, ghe:
hJek van Mars ghedaen WleIt lOt 3 mcrck des IS voorfids. 

18 VOO R 5 TEL. 
Te verclaren de reden vvaerom iek inde 8. 12. J S • en 11 

VOOl'w 
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In order to come to the proof, I draw the four lines AR, AT, QV, VX, and 
then say as follows: Since the side KQ of the triangle KXQ is equal and parallel 
to the side AG of the triangle ARG, and likewise QX equal and parallel to GR, 
the third side KX must be equal and parallel to the third side AR. Further 
I say that since the side QX of the triangle QVX is equal and parallel to AR, 
and QV equal and parallel to RT by the 4th section, the third side XV must 

· be equal and parallel to the third si de AT. And for this reason Venus is seen at 
V from the moving Earth X, apparently in the same place of the ecliptic where 
Venus is seen from the fixed Earth A,. and it is as far from V to X as from T toA. 

6th SEC T I O.N, of the· difference between the operations on. either theory, 
in the computation of the apparent ecliptical longitudes of the Planets. 

On the theory of a fixed Earth we meet, in the computation of the finding of 
Venus' apparent ecliptical longitude in this example, with the ordinary 
quadrilateral AGRT, with five known terms, to wit: the three sides AG, GR, 
RT, always of the same known length; further the angle AGR, as supplement 
of the known angle HGR, mean motion of the epicycle's centre, and the angle GRT, 
as supplement of the known angle SRT, mean motion of Venus on the epicycle. 
And thus, the unknown angle GAT being found, by the 6th proposition in the 
Supplement of Plane polygons 1), and added to the known ecliptical longitude 

· towards which AG tends, i.e. the point at 55°, the value required is obtained. 
But on the theory of a moving Earth we here meet with the crossed 

quadrilateral KQVX, with five known terms, to wit: three sides KQ, QV, KX, 
always of the same known length;further the angle KQV, as supplement of the 
known angle NQV, supplementing to 360° the mean motion of Venus in its . 
orbit, and the angle QKX, supplementing to 360° themean longitude of the 
Earth. And thus, the unknown angle KXV being found, by the 6th proposition in 
the Supplement of Plane Polygons, and added to the kriown ecliptical longitude 
towards which XK tends, which is the apparent eclipticallongitudeof the mean sun 
K, the value required is obtained, and this operation must necessarily lead to the 
first result, obtained by the first operation. 

As the proof for Venus has been here, such is also that for Mercury. 
CONCLUSION. The two.lower Planets Venus and Mercury therefore on the 

theory of a moving Earth acquire the same apparent ecliptical longitudes and 
distances from the Earth that they have on the theory of a fixed Earth; which 
we had to proye. . .. . 

NOTE. 

IHs obvious that the two theories of the first and the second section of Venus, 
which are combined in one figure, might be separated, as was done for Mars 
in the 3rd Note of the 15th proposition. 

18th PROPOSITION. 

To explain the reason why in the 8th, 12th, 15th, and 17th propositions 1 have 
· proved that the Planets on. the theory of a moving Earth are found in the same 

1) See note 1) on p. 18g. 
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MET EEN ROERENDEN EERTCLOOT. 29 1 
voodl:eIlen bevvefen hebbe de Dvvaelders deur fielling 
eens roerenden Eertcloots, bevonden te vvorden to(te 
fel ve Cchijnbaer plaet[en,en verheden van ~alcander)die
menfe met fiellingeens va{l:en Eerccloors hevint,metce 
omtlandighcn van dien. 

Copfrnicus neemt wel/oot fchijnr,dat de tweede ficllinghen, d'cene meteen 
. vall:en d'ander met een roerenden Eertcloot (welverfiaende alfl11en uyt d·een 
trcektPtolemerts byvoughfcJs der on bekende oneventhedcn , en uyt d'anderde 
fijne) een felve beOuyt voortbrenghen van der Dwaelders plaet;en en verhe. 
dèden van makander, maer hy en doetter geen bewijsaf,achtende foOt fchijm, 
de fake foo daer datfe t'bewijs niet en behouft , t'wekk mynoch tans tot gron
dclicker kennis der oirfaken dochte meerder verfekerheyt te vereyfi"chen, om 
velfcheyden dinghen die my daer afin t gedachte te vooren quamen: Ten eer. 
fien foo was ick een tijt lanck van meyning (ghelijcker meer fijn onder de ge. 
ne die hun inde ll:elling eens roerendé Eerrdoors oeffenen) datmen mette roe. 
Jende Son deur t'ghedacht vaft te !l:ellcn tel plaets des vall:en Eertclools,en daer 
teghen den Eweloot roerende int rondt der Son • dalmen daer me foude heb. 
ben t'begin der fpiegheling desroerenden Ewcloots: Maer want de voorfteI
len op Cukken groot ghebout ghcbleckich vielcn,foo bevant ick de bovcfchre
,'en verfelting des Eertdoots int ront t'wekk te vomen de Son wech gheweeft 
hadde, niet te moeten ghefchieden, maerdat om de vafte Son een ander rondt· 
als Eeuclootwech behoort befchreven te worden. Ende want my defe din. 
ghen foo kennelick niet en dochten datter gheen verdaring af en foude behou· 
ven,foo befchrecfick vàn dies het 8 voorftel defes 3 boucx: lek bevant ooek dat 
Saturnus met d'ander Dwaelders ghefien uyt de vafie Son, niet de fel ve duy_ 
1leraerlangde en hadden diedesinronts middelpunt heeftgheGen uytden va
llen Eertcloot:Als by ghelijckcnis int IS VOOIftel defcs 3 boucx,ddini A R niet 
even en evewijdcghe te wefen met C V by aldienÎe ghetrocken waer. maet 
wel met KV. Voort fach ick dat met ftelling eenS roerenden Eencloots haes: 
wcchs verftepunt valt opde teghenoverfijde des vcrficpunts vande Sonwcch 
met fielling eens vafien Eertcloots, t'welck my oock met een opficht foo kon· 
nclick niet en docht dartet gheen bewijs en foude behouven, fulcx dat ick t'fel. 
ve verclaerde int 9 voorftcl des 3 boucx. 

Boven dien hoewel de Sonnens fchijnbaer duyfteraerlangde gefien uyt den 
Eertcloot het teghenoverpunt is van des Eertcloots fchijnbaer duyll:eraerlang
de gefien uyt de Son • waer dèurmenlichtelick foude meynen, dat wanneer de 
Son meld'een fielJingwaerindeswechs eerfie halfront hebbende achtring, 
dat op den felventijt den Ecrtcloot met d'ander fiellingfoude fijn in des wechs 
tweede half rom hebbende voordering niet c\'cgroot wefendemette Sonnens 
achtring : Nochtans fijn de Son en den Ecrtc100t in. haer roerende ftelling op 
een fel ve tij! ekk inde wechs eerfte halfronr met achtring , of dck inde wechs 
tweede haJfront met voorde ring , en beyde evegroor. wekke dinghen my oock 
dochten haer bewijs te vereyifchen,en daerom heb ickt gedaen int 10 ,'oorftd. 

Ten tweeden foismy indé handel des Ma~nloopsdit bejegent:Tjskenne~ 
lick dat den Eencloot in eeil uylniiddelpuntigeweeh draeyende, de felve one- . 
venheyt ofvoorofachtring cdjcht diemen met ftelliog ecns vallen Eertcloots 
de Son toefchrijfr,maer den Hemel dcr Maen den Eertcloot omvaoghende en 
t'[amen een cloot wefende) [00 Hl daervoor te houden, dat dien grootet cloor, 

Bb 4 . defd 
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apparent places and distances from each other that they are found on tbe theory 
of a fixed Earth, with the circumstances relating thereto. 

Copernicus indeed assumes, as it seems, that the two theories, one with a fixed 
and the other with a moving Earth (that is to say, if from the one are removed 
Ptolemy's additions of the unknown inequalities, and from the other, his own), 
lead to the same result with regard to the Planets' places and mutual distances, 
but he does not prove" it, apparently considering the matter so de ar that it does 
not call for any proof; but it appeared to me, with a view to the more thorough 
knowledge of the causes, to require greater certainty, on account of various things 
that occurred to me in this connection." In the first place, for some time I held the 
view (as there are more among those who study the theory of a moving Earth) 
that by imagining the moving Sun to be in the place of the fixed Earth, and on 
the other hand the Earth as moving in the circle of the Sun, one would have" 
the beginning of the theory of the moving Earth. But since the propositions based 
on such a foundation turned out defective, I found that the aforesaid displacement 
of the Earth into the cirde which had previously been the Sun'sorbit should 
not be effected, but that about the fixed Sun another circle ought to be described 

. as the Earth's orbit. And since these things did not appear to me so obvious as 
not to need an explanation, I described of this the 8th proposition of this 3rd 
book. I also found that Saturn and the other Planets, when seen from the fixed 
Sun, did not have the same ediptic~llongitude that the epicyde's centre has, when 
seen from the fixed Eartb; for example, in tbe 15th proposition of this 3rd book 
the line AR would not be equal and parallel to CV, if this line were drawn, but 

" is equal and parallel to KV. Further I saw that on the theory of a moving Earth 
the aphelion of its orbit falls on the opposite si de to the apogee of the Sun's orbit on 
the theory of a fixed Earth, which also did not appear to me so obvious a"t simple 
view as not to require any proof, 50 tbat I have explained it in tbe 9th proposition 
of the 3rd book. " 

Moreover, though the Sun's apparent ecliptical longitude, when seen from 
the Earth, is the opposite to the Earth's apparent ecliptical longitude, when seen 
from the Sun - in consequence of which one might easily think that if the Sun 
on the one theory were in the orbit's first semi-circle, being in lag, in the same 
time the Earth on the other theory would be in the orbit's second semi-circle, 
being in advance for an amount not equal to the Sun's lag - yet the Sun and 
the Earth, when assumed to be moving, are in the same time each in the orbit's 
first semi-circle with lag, or each in theorbit's second semi-circle with advance, 
and both equal in amount, which things also appeared to me to require a proof, 
and therefore I have given it in the 10th proposition. 

Secondly, I met with the following in dealing with theMoon's motion. It 
is obvious that the Earth, when it revolves in an eccentric orbit, shows the 
same inequality or adva~ce-or-lag that is ascribed to the Sun on the theory of 
a fixed Earth; but since the Heaven of the Moon contains the Earth and they 
are togetber one sphere, it is" to be assumed tbat this greater sphere shows the 
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defClve voorfchreven onevenbeytcrijcht,diede cleenderdco Eertcloot heeft 
waer uyt men niet onbiUich en fchijnt te bdluyten dat haer verfiepuDt daer af 
'oock defe1ve onevenbeyt cdjcht, t'welck iny eedl: dede twijffelèn of dit geen 
oirfaeek vande tWeede ~nbekende onevenheyt en mocht wek'n'die pto/tllHid 
meent bemera: te hebbë. Maer om hiet in va!ler te gaen,ick heb de faeck voor
der overdocht , en daer toe een form gheteyckent op defe wijfe: L1et ABC 
den Eerlclootwechbeteyekenen, diensmiddelpuOl D,de ~on E, deur welcke 
twee punten D, E,gbeuocken de middellijn AD EC,foobeteyckent A t'Ver
fiepunt, C t'naeftepuDt, en den Eertdoot fy an A. Daerna "erlangt D A tot 
F,en tnifchen AenF ghefteh.Gjnde t'punt G ~ ickbefchrijf daer op als middel. 

1", punt de MaeDwechF H,diés 
verftepuntF : Maerwant het 
loerfel des felfdë verfiepunrs 
tottet gene wy "erdaren wil· 
Jen gheen verandering by cn 
brengt,om dauet fonder on
evenheyt is, fao neem kk de 
Maenwech geen eygen roer
fel te hebben. maer het mid
delverftepunt als F altijt te 
blijven inde lini gherrocken ' 
uyt het middelpunt 0 deuk 
den Eertcloot. Dit foo we-

, fende,laet den Eertcloot met 
haer MaenwCch gecommen 
fijn van A tot B,en fal haeJ: 
middelver.ftepum volgbeos' 
t'voorgaende gheftelde ,fijn 

c , '., inde vaorrghetrocken lini 
DB. het welck fy i,nI, iek treck dacrna van E deur B tot inde Maenwech de 
lini E BK, foo dat K t'verftepunt bcdict. cn den bOlKk EB D of! B K de acll .. 
ningdes EcrtclootsB, eodaerom oock des beden Maenwechs,en vervol
~bens des middelverftepunts I , t'welek tou:en anderplacts gelien wort uyt .E 
dan uyt D : Nu is devraech oft'felve verftc;punt.l, mene comfi desE-ertcloots 
van A tOt B ,gheen onevenheyt ghecreghcn en heeft van weghen des Eert
cloots uytmiddclpuntighe w«h ~ Macr alles wel overdQcht lijnde, foovalter 
ondcrfchcyt te JDákcn tufièhm de pJaedèndesfienders, want foomen hetoogb 
&lu,nde SonEaIsduyller~cjs middelpunt,t'"erLkpunt I Cal vandaerghefien 
CCil onevenheyt gbeaegh~n hebben: Maet want de dadelicke fiening daer 
l'gheLèhil a(is,:met en.ghebe.IIrt uyt E,macr uytden Eertcloot·B,foo moetmcn
fe dacrneme~, t' welck docDde l'puDtK wijft.;ln des Eertcloots fchijn bac:r duy
lkraerlangde,alscommendedeJini EB J<uyt des duyfteracrs tniddelpunt E, 
(ulcxdat by aldië t'midddel verftc-puntdae~gefieDwierde,het foude mette cam ft 
des Ecrtcloots van A tot B de O1le'lenheyt.ghecrcgen hebben des houo I B K: 
Maet t'wortan IgbeflCD, Wb,vcc1 voorwaenals den houckK B t bedraecht, àa 
dacrom fàltmeuecomft dc::; Eeltclootsvan A tot B, fchijnbaerlick inden duy
fteraerfoo veelgheloopen hebbcnals denbooch A Bofden houckA D B be
draecht,datis dfen·tOoveclals~8 Eertc100t eyghentlickgeloopen heeft;fon .. 
der cenige oJ.lCVenheyt : lnder vougen dat ick docntàch, dat hoewel den Eert
doet enooçkdcn bcdenMaenw~h de fclveonevenheytheeft diemen met 

ftelling 
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same aforesaid inequality that the smaller - the Earth - has, from which it 
seems to be concluded not unjustly that their apogee also receives from this the 
same inequality; which first caused me to doubt whether this could not be the cause 
of the second unknown inequality which Ptolemy thinks he has perceived. But to be 
more certain in this, I considered the matter further, and for this purpose drew 
a figure in the following manner: Let ABC denote the Earth's orbit, its centre 
D, the Sun E, and when through these two points D, E is drawn the diameter 
ADEC, A denotes the aphelion, C the perihelion, and the Earth shall be at A. 
When thereafter DA is produced to P, while between A and P is marked the 
point G, I describe about this as centre the Moon's orbit PH, whose apogee is P. 
But since the motion of this apogee does not make any difference to what 
we wish to explain, because it is without inequality, I assume that the Moon's 
orbit has no proper motion, but that the mean apogee, namely P, always remains 
on the line drawn from the centre D through the Earth. This being so, let the 
Earth with the Moon's orbit have travelled from A to B, then its mean apogee 
according to the foregoing supposition will be on the line DB produced, which 
shall be in I,. thereafter I draw from E through B into the Moon's orbit the line 
EBK, so that K denotes the apogee, and the angle EBD or IBK the lag of the 
Earth B, and therefore also of the whole Moon's orbit, and consequently of the 
mean apogee I, which is seen from E in another place than it is from D. Now 
the question is whether this apogee I has not, upon the passage of the Earth 
from A to B, acquired an inequality, on account of the Earth's eccentric orbit? 
But when everything has been weIl considered, a distinction has to be made 
between the places of the observer, for if the eye is put at the Sun's place E 
as centre of the ecliptic, the apogee I, when seen from there, will have acquired 
an inequality. But since the practical observation, with which the question is 
concerned, does not take place from E, but from the Earth B, it must be taken 
there; and when this is done, the point K indicates the Earth's apparent ecliptical 
longitude, since the line EBK comes from the ecliptic's centre E, 50 that, if the 
mean apogee ~ere seen there, upon the passage of the Earth from A to B it would 
have acquired the inequality of the angle IBK. But it is seen at I, so much 
forwards as the angle KBI amounts to, and therefore upon the passage of the 
Earth from A to B it will apparently have moved in the ecliptic as much as the 
arc AB or the angle ADB amounts to, that is exactly as much as the Earth has really 
moved, without any inequality. In such a manner that I then saw that, though 
the Earth and also the whole Moon's orbit has the same inequality that is ascribed 
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ielling eens vaLlen Eertcloots de Son toefchrijft, dat nochtans des Maènwechs 
verftepunt uyt den Eettcloot ghefien die onevenheyt niet e~ (rijcht, tweIck my ... 
uytde boyefchreven twijffeling brocht: lek bevantoock datter ghcen verande. 
ring en \"icl deur het Llellen van des verfiepunts cyghen loop, fdaechs op j: CD 

. "7 CD tegen t'vcrvolgh der uappë als int II voorftel defes 1 boucx,dat met ftel. 
lingeens vaften Eencloots is van 6 ® 410 na t'veIvolgh der trappen deur 
het) I voorfiel des) boucx : Sghelijcx oock datier gheen verandering en viel . 
-.deur het ftellen des duyfteringfnees eygben loop fdaecbs van 1 tr. 2.)9 tegen 
t'vervolghdettrappen als int felve IJ voorfiel dclës3 boucx,dat met ftelling . 
eens vaften Eertcloots is van 3 (i) II <D tegen ,'velvolgh der trappen deur het 
11 voorftcl des I boucx. 

Maer hoewel my defe voorfchreven dinghen alfoo bekent wi~rden, dat en 
vertoonde fich niet fooopen baetlick, dat icker uyt foude willen befluyll:n de 
overeencommingen des Maenloops deur ftelIing censroerenden Eertclools. 
nIette Maenloop deur ftelling eens vaften Eertcloots gheen verdariDg te beo 
houven.fulcx dat ïck daer afbefchreefhet U voorftcl. 

Ten derden foo is my int overlcgghen des loops van d' andet DWaelders. te 
weten Saturnus, Iupiter, Mars, Venus en Mercurius, dit te vooren gheeom· 
men: Tis kennclick dat men tottet berekenen der DwaelderplaetCen met ftel· 
ling eens vaften Eendoots , verfcheyden linien trc:ckt uyt des Sonweehs nyt-" 
middelpuntichpunt, dats den felven vaften rendoor, tot d'ander noodighe 
punten, als inde formdes 1.5 voorftclsde linien A R; AT ,ghetrockenuytden 
vallen Eencloot A. Ende dien \'olghens men foude Jieb relick meynen dat tot. 
let berekenen der DwaelderplaetCen met fielling eens roerenden Eertcloots, 
{ulcke linicn als K X, KV, bebooren gheuoclen te wor~c:n niet uyt K , maee 
nyt des Eertclootwechs uytmiddc1puntichpunt C, dats de vafië Son , gemerdt 
die plaets fulex wat is inde ftelling eens roerenden Eertdo~ts,"gelijck de plaets 
des "aften Eertcloots inde ftelJing der roerende Son : ln4e~ voughen dat my 

"dit ood docht bewijs te vereyfchen. 
. Ten vierden machmen hiér noch by voughen degroote verandering die· 
der valt, deur dalmen,in des roerenden Eertcloots ftelling het inrondt wech 
doet, den Dwaelder [eght an des inronts middelpunt te wefen, en weerom 
daer leghen datmen den Eencloot die vaft gheftelt wien , fuleken loop gheeft 
als ghefien is. . '. " 

Al dit en dochten mygheendinghc:n om an te nemen voor eyntlick een 
fel ve bdluyt uyt te breng hen , fonder daer af de reden te weten en bewijs te 
doen: Tis oock daer voor te houden dat fy die tot kennis dier gelijckheyt eerft 
gheroehten , fekel middelen tot inleyding ~adden waer deur fy fulcx voor ge· 
wis hielden •. Maer anghefien Coptrni&1I4 die niet befehreven en heeft, noch~ 
iansalt'ghellc hy van dies fit:lt vaft gaet (als de Maen met ftelling eens roco 
renden Eertcloots foo te berekenen gbelijek met ftelling c:ens vaften Eert
doOls • fonder van weghen de ftelling des Eertclootloops ,,"erandcring te crij .. 
ghen, voort in d'ander Dwac1dersde linien als de bovefchreven niet te treeken 

. uyt de Son als wccreltsmiddelpunt, maer uyt des Eertclootwe,hs middelpunt) 
I'gheeft billichlick vermoeden een van tween, te weten of dat hem d' oirCaeck 
defet ghelijckheyt anders bejegbcnt is dan my, en t'felve met fuleken lichtie:· 
heyt dat hem onnoodieh docht verc1lUingdaer aftedoen,of dies niet,dat hy by 
ghevalle ghecreghen heeft eenighe oude bouden vande befchrijving des 100· 
penden Eertc1ools,fonder fulcke redenen daer in vervatet te wefcn, en dat hy 

. "aelom fula alfoo ana,b uyrpcghevcn hebben. . " 
Macr, 
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to the Sun on the theory of a fixed Earth, nevertheless the apogee of the Moon's 
orbit, when seen from the Earth, does not acquire that inequality, which removed 
my aforesaid doubts. I also found that no change was caused by putting the true 
motion of the apogee at 52'27" a day, contrary to the order of the degrees, as 
in the 11 th proposition of this 3rd book, which on the theory of a fixed Earth 
is 6'41" in the order of the degrees, by the 11,th proposition of the lst book. 
Likewise that no change was caused by putting the proper motion of the line 
of nodes at 1°2'19" a day contrary to the order of the degrees, as in the said 
11 th proposition of· this 3rd book, which on the theory of a fixed Earth is 
3'11" contrary to the order of the degrees, by the 11th proposition of the lst book. 

But though these. aforesaid things thus became known to me, this was not 
manifested so clearly that I should be inclined to conclude from it that the 
correspondences of the Moon's motion on the theory of a moving Earth with 
the Moon's motion on the theory of a fixed Earth do not require any explanation; 
so that I described thereof the 12th proposition. 

Thirdly, the following occurred to me in considering the motion of the other 
Planets, to wit, Saturn, Jupiter, Mars, Venus, and Mercury. It· is evident that 
for the computation of the places of the Planets on the theory of a fixed Earth 
various lines are drawn from the point of eccentricity of the Sun's orbit, i.e. the 
said fixed Earth, to the other necessary points, namely in the figure of the 
15th proposition the lines AR, AT, drawn f~om the fixed Earth A. And 
consequently one might easily think that for the computation of the places of the 
Planets on the theory of a moving Earth such lines, as KX, KV, ought to be 
drawn, not from K, but from the point of eccentricity of the Earth's orbit 
C, i.e. the. fixed Sun, observing that this place is the same in the theory of 
a moving Earth as the place of the fixed Earth in the theory of the moving 
Sun; so that I thought that this, too, required to be proved. 

Fourthly, there may be added the great change which is caused by the fact 
that in the theory of the moving Earth the epicycle is taken away, the Planet 
is said to be at the epicycle's centre, and again, on the other hand, that the 
Earth, which was assumed to be fixed, is given such a motion as has been seen. 

All these appeared to me not to be things that could be taken to lead ultimately 
to the same result, without knowing the reason thereof and giving a proof. It 
is .also to be assumed that those who first attained to knowledge of this equality 
had secure aids to guide them, in consequence of which they considered this 
certain. But since Copernicus has not described these, while yet all that he 
státes about this is firmly established (such as computing the Moon on the theory 
of a moving Earth in the same manner as on the theory of a fixed Earth, without 
its undergoing any change because of the assumption of the Earth's motion; 
further, with the other Planets, not to draw the lines described above from 
the Sun as the world's centre, but from the centre of the Earth's orbit), it gives _ 
a just surmise of either one thing or the other, to wit, either that the cause 
of this equality appeared different to him from what it does to me, and this 
with such easiness that he thought it unnecessary to give an explanation of it, 
or otherwise that he had perhaps access to some old books describing the moving 
Earth, which did not contain such reasons, and that he may therefore have edited 
them like this. . 
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204- SÄT.lvp.MAR.S, VEN.EN MERC.VINDING 

Macr, mocht nu ymantfegghen. laeteen van beyden wefen. wat nut jsu~ 
foodani,h verhad te trecken?Dit: Byaldiend'oirfacck der gelijckheYI ell o\'er
comming defer tweeftellinghen eens roerenden en vaften· Ecncloors , VOOr 

Coperniç«4 fao claer gheweeft heeft ~ dalfe hem docht gheen uytlegging te be
hou ven, t' fal anderen meughenbcweghen daer op te letten, en naerder wecn 
te befchrijven, om nieldcul een langhertedoen dat deur een eOltel cao ghe
daen worden. Mael foo hy fulcx ghecreghen heeft uyt cenighe oude boueken 
hem tel handt ghecommen, t'[oude hope gheven dattel vande wetenfchappen 

Bjz.!iot/'eca. des wijfentijts herwaerts of delwaertS in d'ee!l of d'ander * bouekcaffe noch 
meer overblijffels mcughen lijn dan die, en oufaeck gheven van vlieteliekel 
daer na te vernemen dan men ghedaen heeft. TB E S LV Y T. Hier is dan ver
c1aert de reden waerom iek inde 8. u. 15, en 17 voorftellen bewefen hebbe de 
Dwaclders deur ftelling eens roerenden Eertclools bevonden Ie worden totte 
fclve fchijnbaer plaetfen en verheden ,'an malcander ,diemenfe met fielling 
eens "aften EerlCIoots bcvint, mettcomftandigben van dien, na den eyfeh. . 

19 VOO R S TEL. 

Te vercbren opvvelcke fieIling, tevveten de oneygen 
met een vaften Eertcloot,of de eyghenmet een roerende, 
oirboirft fchijnt de rekeninghen te maken vande langde. 
loopder Dvvaelders.. . 

Int voorgaende I bouek bcfchreven lijnde den loop der DwaeJders deur cr. 
"arings dachtafeis ,en int 2 deur wifconfiighe wercldng beyde ghegront op de 
oneyghen ftellingeens vaften Eertcloots, en dat iek voJghens mijn voorne-

. men daer na in dit 3 bouck befebreven heb dien loop ghcgrontopde eyghen 
ftelling. des waren roerenden EertdooIs ,.100 mocht ymanr deneken ,dat na
dien wy voor "beginnen defes handels wiften die ftclJing oneyghen te wefen, 
en defe waraehtieh ,oft niet beteren waergheweefi dien oneygen onbefchre
"en te laten, en den tijt mettet onderfoueken der felfde niet deur te brenghen. 
maer in die plaels ten eerften ant waraehtighe te vallen: Hier op antwoorde 
ick int ghemeen, dat kk dekennis van d'een en d'ander feer noodich acht, en 
om daer afjnt bef onder breeder te fpreken , fegh aldus: Defe twee fiellingen 
fulcke ghdijckheyt hebbende als int voorgaende blijekt, fao acht iek onnoo
dich te befchrijven nieuwe werckftueken vand~ vinding der Dwaclderlang
den, effening derdaghen, faminghen. teghefianden • duyfteringhen, en meel: 
anderen, ghegront op fte1ling eens roerende.n Eertcloots : Ia mijn meyning 
is dat de vooryallende ~ekeninghen ; deurgaens bequame1ieker fouden gedaen 
worden deur vervouglDg des ghedacbts op de oneyghen ·ftelling eens ,'aften 
Eertclools, en op gheteyckende formen na den eyfch van dien,dan op de ey
ghcn des roerenden Eerrcloots, al waren fy ooek volcommcliek bcfchreven • 

. Om van t'wdck by voorbeelt breeder redenen te verclaren, ghenomen dat 
ymant in een varende fchip bevaleeen pack tbien ghemeten voeten achter
waert te legghc:n : Die fulck be,'el na wil commen, fielt uyt fijnghedacht het 
roerfcl des fchips, die thien ,'oeren daer in metende even al oft fiil Jaghe, want 
anders verftacn lijnde, tuifchen den rijt dattet bevel ghefchiede,en t'werck ge
daen wien, mach t'fchip 1006 voet VOOIt ghevaren fijn,inder voughen dalmen 
het pack in plaetsvan 10 voeten, foude moelen JOJO Voeten achterwaert leg- . 

. . ghCD, 
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But, someone might now say, let it be one of the two; what profit is to be 
gained from such a story? This: If the cause of the equality and correspondence 
of these two theories of a moving and a fixed Earth was so clear to Copernicus 
that he thought it did not require any explanation, it may induce others 
to pay heed to this and describe a shorter course, in order not to do by a longer 
procedure what can be done by a shorter. But if he has learned this from some 
old books that came into his hands, this would raise the hope there may' be more 
remains than these of the knowledge of the Age of the Sages, here or there 
in some library or other, and would cause us to inquire thereafter more diligently 
than hasbeen done. 

CONCLUSION. Here the reason has thus been explained why I have proved 
in the 8th, 12th, 15th, and 17th propositions that the Planets on the theory of a 
moving Earth are found in the same apparent places and distances from each other 
that they are found on the theory of a fixed Earth, with the circumstances relating 
thereto; as required. 

19th PROPOSITION. 

To explain on which theory, to wit, the untrue theory with a fixed Earth or 
the true theory with a moving Earth, it seems most suitable to base the 
computations of the motion in longitude of the Planets. 

Since in the foregoing lst book the motion of the Planets has been described 
by means of empirical ephemerides, and in the 2nd by mathematical operations, 
both based on the untrue theory of a fixed Earth, and since according to my 
intention I have thereafter described in this 3rd book the said motion according to the 
true theory of the moving Earth, it might be thought (sinee before we began this 
discussion, we knew the former theory to be untrue and the latter true) whether it 
would not have been better to leave the untrue one undescribed and not to waste 
time in studying it, but instead to begin at once with the true theory. To this 
I reply in general that I consider the knowledge of one theory and the other 
as highly necessary, and to speak of it specially in more detail, I say as follows: 
Since these two theories have such equality as appears in the foregoing, I deern 
it unnecessary to describe new problems about the finding of the Planets' 
longitudes, equality of time, conjunctions, oppositions, eclipses, and other things, 
based on the theory of a moving Earth. Nay, I am of opinion that the compu
tations needed would generally be made more easily by directing our thought to 
the untrue theory of a fixed Earth and to figures drawn in accordance with its 
requirements than to the true theory of the moving Earth, even if they were 
described perfectly. 

In order to explain this more fully by an example, assume that a man in a 
sailing vessel should order aparcel to be put ten paced feet backwards. He who 
wants to obey this order, puts out of his mind the movement of the ship, 
since those ten feet have exactly the same length as they would if it were lying 
still; for if it were understood differently: between the time when the order was 
given and that when the work was performed the ship may have sailed on 1,000 
feet, so that, instead of 10 feet, the parcel would have to be put 1,010 feet 
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MET ~EN ROJ;RENDEN .tER TelOOT. 29$ 

gh~n, dat waer buyten t'Cchip milfchien int water: Twe1ck de ineyning niet 
wefende, foo Hl in fukken gheva1le beter,her fpreken en I'doen te voughen na 
het fchijn baerlick ,dats na de Cchi;11 baer fiilfiandt der inwendighe fioffen des 
fchips,danna het eyghen. Maer Cooder een ander ghefchil waer, niet van een 
pack te verleggen,maer van cen pael,neem ick,illt waler te moeten flacn.thien 
,'oe ten achtclwaert van 'een Cekel plaets ant Cchip, dacr verftaelmen de Caeck 
eyghentlick. te weten thien voeten achterwaert, van die plaets (t'fchip mach 
daeIemuifchen ghevaren hebben hoet wil) daerden be"ccIderaffprack. Sulex 
dat in fmcnfchell handelingen tweederley wijfe van fpreken en doen valt,d'ee
ne gbegront opt Cchij n baer, d'ander opt eyghen, wacr af men altijt die behoort 
te v(',rkieCen , deur we1cke men t'voornemen beft can verftacn en uytrechten. 
Dit foo toegheJaten , ['[chijm oirboir in dit HcmeJloopCchlifl t'ghedacht een 
gIonttegheven oock op tweederley fielling,d'eene fchijnbaer. d'anderc:yghen 
cJck naden eytèh van t'voornemen daer de faeck lichtelicxt deur can verilaen 
worden, Tc weten opt Cchijnbaer, int lecren Jer bcginCelen,én in t'maken der 
Do"eCchre\'en rekeninghen, om dat men de woorden dier ftofop deren loopen
den Eeltcloot ghebru)'ckt al of Ce fiillaghe: Als wanneermen fpreeekt van der 
weereltlichten opganek boven den fichteinder, onderganck onder den fieht
einder) eornae IOltet rniddaehronr, en veel dierghelijcke, ['welek eyghentlick 
heel verkeert tlchteinders onderganek, en opganek is, en comfte des middach
ronts totle Iichten,we1cke woorden duyftcr Couden vallen: Ia en fijn by Coper
lIjç~ felf niet ghebeficht, hoewel fijn voornaemfiewit was vanden roerenden 

, Eerlcloot te fchlijven. Voort ghelij,kt int varende [chip nutter was fijn rocr. 
fel uyt het ghedaeht tc fiellen, en te houden al of, fiil fionde, en t"fchijnbaer 
te nemen al oft eygen waer ,a1foo ift in·defen ghevalle bequamer totte leering. 
het roerfel des Eertcloots uyt het ghedacht te ftellen, en te houden al offe ftil 
1tonde, her fchijnbaer nemende, al oH eyghen waer. Maer wefende ghefchil 
vande breedeloop der Dwaelders Saturnus, lupiter , Mars, Venus, en Mercu~ 
lÏus, van welcke int volghende ghefeyt fal worden, daer iO: reden (ghelijek vant 
flaen der pad int water ghefeyr is) fijn rekeningen eerft te gronden op formen 
. gheteycken t na den eyfch der eygen ftelling des roerenden Eertcloots • uyt oir
faeck dat wy daer deur beter eonnengheraken tot oirfakelicke kennis des bree
deloops,en dat de wercking ghegront op de verfierde ftelllng eens vaften Eert
doots daer uyt ghet~oeken wort op de wijfe alsick hier na befchrijven fal. 

Dils nu foo mijn ghevoclen , en op fulcx heb ick defe befchrijving geformt; 
doch foo ymapt ander wichtigher redenen hadde my onbekcnt. deur welde 
hy oitboirder bevonde anders te doen,. hy {oude die meughen volghen. 

Tothiertoevande laDgdeloop der Dwaelders ghefeyt wefende , ickfal nu 
commen touet befdlrijven vande brecdeloop. 

VANDE 
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backwards, which would be outside.the ship, perhaps in the water. This not being 
what was intended, in such a case it is better to speak and act according to 
appearance, i.e. the apparent rest of the internal materials of the ship, than 
according to the truth. But if there were another dispute, not of moving aparcel, 
but, for example, of having to strike a pole in the water, ten feet bebind a given 
place in the ship, there the matter is taken literally, to wit, ten feet behind that 
place . (the ship may meanwhile have sailed in any desired direction) of which 
the commander spoke. So that in men's actions there are two ways of speaking 
and doing, one based on appearance and the other on the truth, of which we 
should always choose that one by means of which the intention can best be 
understood and carried into effect If this is admitted, it seems suitable in this 
book on the Heavenly Motions to· base our thoughts also on two theories, one 
apparent,the other true, each according to the requirement of what is intended, 
by which the matter can be understood most easily. To wit, on the apparent 
theory in the learning of the elements and. in the making of the aforesaid 
computations, because thewords of this subject matter are applied to this moving 
Earth as if it were lying still. For example, when we speak of the .luminaries 
rising above the horizon, setting beneath the horizon, their arrival in the meridian, 
and many similar things, which in reality, quite the reverse, is the setting and 
rise of the horizon, and arrival of the meridian at the luminaries, which words 
would be obscure. Nay, they have not been employed by CopernicuJ himself, 
though his chief object 'was to write about the moving Earth. Further, just 
as in the sailing ship it was more useful to put its movement out of one's mind 
and to assume that it lay still, and to take appearance as if it were the truth, 
thus in this case it is better for didactic purposes to put the motion of the Earth 
out of one's mind, and to assume that it stands still, taking appearance as if 
it were the truth. But when there is a dispute about the motion ·in latitude of the 
Planets Sa turn, Jupiter, Mars, Venus, and Mercury, which will be discussed in 
what follows, there is good reason (as it has been said of the striking of a pole 
in the water) for first basing one's computations on figures drawn in accordance 
with the requirements. of the true theory of the moving Earth,· because thus we 
can better attain to knowledge of the causes of the motion in latitude, and because 
the operation based on the fictitious theory of a fixedEarth is inferred from it 
in the manner I shall describe hereinafter. 

This is my opinion, and on this I have based this description, but if anyone 
had other, weightier reasons, unknown to me, for which he should find it more 
suitable to proceed otherwise, he may follow them up. . 

The motion in longitude of the Planets having been discussed up to this point, 
I shall now come to the description of the motion in latitude. 
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V ANDE BREE
DEL 00 P. 

v Y F D E 

ONDERSCHEYT 
DES DERDEN BOVCX VAN. 

de breedeloop der vijfDvvaeldcrs 
Saturnus, Iupiter, Mars, Venus, 

en Mercurius,met fielling eens 
[oerenden Eerlclool5. 

CORTBEGRYP DESES 
VYFDEN ONDERSCHEYT~ 

~heJien den roerend en Eertc!oot en de (lilflaen;. 
de 'Son, deHr tgheflelde altijt inden du)'Jleraer fijn 
[onder afrrvijekjng oJ~reede ,en d"t de e?J.1.anens bree- -. --
de/oop beflhre"Pen int 2 boueftbeginnC1Jde a "Jt J4 rvoor- -
ilel met fteUing eens rvafien eertcloots, geen rverfihil 

::..: ._ en heeft dat rverclaring behoufi mme breedelaop der 
jleUing eens roerend en Eertcloots, [00 en .-valt 'Van hem/ien breede hitr niet 
teftgghen, maer aUeene/iek rvan die der rvijfander als rvolght: 

Ghelijek de Ouden inde befchrij"V;ng "Vande ~"V"Vaelders langddoop bil_ 
/iehlicVeginnen met dadelief?! er"tJaringen "Van yders loop op bek!nden tijt, 
om daer uyt ghemeene regelen te treek!n dienende tottet rvinden ham loops, 
in toeeommende tijden,aLfoo rvereyfcbt ooclifulcx de natucrliek! oirden inde 
befchrij'Ping des breedeloops, inderrvougen dat ieftdaer me in elek.. 7J"V'l1ael
ders befchrii"V;ng beginnen fll: Ende rv"Vant de reghel "Van eenen7J-V"Vael. 
der rvooraUen dient, [00 fal je~(JUeeneljeft rvandeneerJlen ofopperJlenSa
tUTnUJ gheformde "VoorfieUen befèhrij'Pen.) en rvand:ander Julckrvermaen 
doen als breeder rverclaring rvereyfcht. Hier 'af fat iekJes rvoorildlen be-
fchrtj"Ven. _ 

Hè! eerHe "V"tJifènde in ti' oirde het 20, ir beJèhrij"Ving rvan Ptolemeus 
dadellekt er-varingcn rvan S aturnUJ fèhtjnbaer duyJleraerbreede , dimende 
om daer uyt ghemeene regel te treck.!n "Van [zin breede/oops eyghenfchappen. 

Het 2 rv"Pifènde in d' oirden het 21 ,om te rt.·inden de '7fVechlangdm d,,' 
tWee 
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OF THE MOTION IN LATITUDE 

FIFTH CHAPTER 

OF THE THIRD BOOK 

Of the Motion in latitude of the Five Planets 
Saturn, Jupiter, Mars, Venus, and Mercury, 

on the Theory of a Moving Earth 

SUMMARY OF THIS FIFTH CHAPTER. 

213 

Since the moving Earth and the fixed Sun by supposition are always in 
the ecliptic without any deviation or latitude, and since the motion in latitude 
of the Moon (described in the 2nd book, starting with the 34th proposition) on 
the theory of a fixed Earth has no such difference from its motion in latitude on 
the theory of a moving Earth as would require an explanation, it is not necessary 
here to speak of their latitude, but onIy of that of the five others, as follows. 

Just as the Ancients in describing the Planets' motion in longitude rightly start 
with practical experiences of the motion of each in a known time, in order to 
derive therefrom common mIes serving to find their motion in future times, the 
same is also required by the naturalorder in the description of the motion in 
latitude, so that I will start therewith in the description of each PlaneL And 
because the ruIe of one Plan et applies to all, I will describe propositions with 
figures only of the first or upper Planet Saturn, and for the others I .will give 
such description as is necessary for a fuller explanation. I wiU describe hereof 

. six propositions. 
The first, which is the 20th in the sequence, is a description of Ptolemy' s 

practical experiences of Saturn's apparent ecliptical latitude, serving to derive 
therefrom a common ruIe for the properties of lts motion in latitude. 
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VANDS BR.EEDSLO OP DER. DVVAELD. 291 
nt'Peep;""tenrvan Saturn~echs fchijnbaer grootjle afY'llijckjnghenrvan 
denduyfleraer"metfgaders decortJle rverhedenrvanden EertcloonrPech 
totte filve f'J?l'ee punten: Oocftme de langde der heeft (m; rvam eenpunt 
dier grootjle afrvijc/Q.ng tottet ander, infulc~ deeftn alfer des Eertcloot
'P-vechs halfmiddeUtjn 10000 doet" deur rv'Pifèonilighe '7herc/Qng ghegront 
op jleUing eens roerenden Eertcloots. . 

Het J rvl'efende in/oirden het 22, om terv,nden Saturnllht1echs t{
l''tlijckjng rvand'é duyfleraer : M etfgaders hoe rverre de duyfleraerfnervan 
des Eertcloot'7hechs middelpunt rvalt,;n ru/c~ deelenaljfer des Eertcloot
rwechs halfmiddeUijn 10000 doet, deurrv"VifconRigerv-verclQ.nggegrontop 
jleUing eens roerend en Eertcloots. . 

Het4'7hefende in d'oirden het 2J"omterv;nden de '7hechlangdeder 
l"PlJee uyterflepuntenrva'1de duyfleraerfoe " en rvandet1?l'et'uyterfle pUI'Joo 

ten der a.fv'vqckjng in SaturnU4'7hech: Ooclt der Sni die rvan Satur1ll14-
rtl"Peè~s middelptint op de duyjleraerfoerechthouc~ichrva1t,infu/ck! deelBIl 
4lfer des Eertclootrv'"Pechs halfmiddeUijn Ii'JOOO doet" deur rvl'ijèonfJighe 
rvl'erckjnggbegront op jleUing eens roerend en eertcloots. 

Het J rr.rPefende in tf oirden het Z4- ,om te rvinden de langde derlin;.die 
rvan een gege"P'é punt in Saturn~ech rechthoucl<ichrvaltopt pw des ~ .. 

. j1eraerJ ,in fulcf<! deete a!ffer des Eertclootruvechs hafmiddeUijnroooo doet:l; 

. deur <"V-vi[conflige rv'Perc~inggegroTJt op JleOing eens roerenden Eertcloots. 
H eU 'Vl'rfende in tl oirden . het 31" om terv;nden SaturnU4 fchijnbaer 

,"yfJeraerbreede op een gheghe"Pen tijt,deur ruviflonflighe tV'Perel<ingghe
I/ont op jlellmg eens roerenden Eertclaou. ... 

~aer naJa' <"Volgen het bO"PeJèhrC"Pen 'Vermaen rU4TJ tf anJer 7J"P'PMl~ 
ders,fonder daer afgheflrmde 'VoorReUen te mak.!"-

EER S T V A N S A T,1~V R. N VS' 
B REE DEL 0 0 p, 

7.0 VOO R S TEL. 

Te befchrijven Pto!emeHl dadelicke ervaringhen van 
Saturnus fchijnbaer duyfteraerbreeden, dienende om 
daer urt gemeene reghel te trecken van fijn breedeloops 
eyghenfchappen. ." 

I LID T~ 
Want mijn gevoelen isdauer by de menfchen eenijts een grondelickerer· 

\':lrent heyt gbewccft hccfi. vande Dwaelders langdcIoop met fielling eens roe
renden Eellc:lootsloo vermoede ick dacr DyC by hcmlien ooc:k kClU1is geweeft 

. . ç, te .ajDC 
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The 2nd, which is the 21st in the sequence, to find the orbital longitudes of 
the two points of the apparently greatest deviations of Saturn's orbit from the 
ecliptic, as weU 'as the shortest distances from the Earth's orbit to these two 
points; also the length of the whole line from the one point of that greatest 
deviation to the other, in such parts as the semi-diameter of ,the Earth's orbit 
has 10,000, by mathematical operation based on the theory of a moving Earth. 

The 3rd, which is the 22nd in the sequence, to find the deviation of Saturn's 
orbit from the ecliptic, as weIl as how far the line of nodes is from the centre 
of the Earth's orbit, in such parts as the semi-diameter of the Earth's orbit has 
10,000, by mathematical operation based on the theory of a moving Earth. 

The 4th, which is the 23rd in the sequence, to find the orbital longitudes of 
the two extremities of the line of nodes and of the two extremities of the 
deviation in Saturn's orbit; also of the line which from the centre of Saturn's 
orbit is dropped perpendicular to the line of nodes, in such parts as the semi
diameter of the Earth's orbit has 10,000, by mathematical operation based on the 
theory of a moving Earth. 

The 5th, which is the 24th in the sequence, to find the length of the line which 
from a given point in Saturn's orbit is dropped perpendicular to the plane of the 
ecliptic, in such parts as the semi-diameter of the Earth's orbit has 10,000, by 
mathematical operation based on the theory of a moving Earth. 

The 6th, which is the 25th in thesequence, to find Saturn's apparentecliptical 
latitude at a given time, by mathematical operation based on the theory of a 
moving Earth. 

This is to be followed by the above-mentioned description of the other Planets, 
without making thereof illustrated propositions. 

FIRST OF SATURN'S MOTION IN LATITUDE. 

20th PROPOSITION. 

To describe Ptolemy's practical experiences of Saturn's apparent ecliptical 
latitudes, serving to derive therefrom a COmmon rule for the properties of its 
motion in latitude. 

lst SE Cf ION. 

Because it is my OpinIOn that in earlier times people had more thorough 
experience of the Planets' motion in longitude on the theory of a moving Earth, 
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te fijne van der fclve breedeloop ,om dalfe, alfmender wal op let ghenouch
faem heur felven daer in openbaeIl,fulcx dat iek meen Plo/tm/lIJ gaghdlaghen 
crvaringhenviln dies niet d'eerllc te weCen ,maerdatmender \'oor hem al dap. 
per lick op gheler,en fpiegheling daer af gheforml heeft ,doch de fel ve Ier handt 
van hem·noch niemanr anders gecommen lijnde, datmen weet, foo fullen wy 
danckbaetlickannemen den vlictighl:n arbeyt by hem hier in ghedaen, fonder 
weleke het nu CwaeIlick Coude by commen tot bcCcheyt defcs handels te gera
ken, ghemer~kt me·n te weynich gaflaghers vindt, Om dan 10lte fake IC com
men ick Cegh aldus: Ghelijckmen tOltet (oucken der ghedaenle vande Sonnens 
fchijnbaer evenaerbreede, en vande Manens fèhijnbaer duyfieraerbreede, ten 
«rfien tracht dadelick te vinden hacr meefie afwijckinghen na het Zuyden en . 
Noorden, om daer deur te commen tot kennis der placts vallde duyficraerfne. 
ende reft diesangaende, al'[oo heeft Plo/emtll4 int dadelick onderfollcken der 
ghedaente van Saturnus fchijnbaer duyfièr::.el breede, ten eerfien ghctracht na 
fijn meefie afwijckingen,en die bevonden op de Noortfijdc van 3 tr.2 <D (Coo 
fiaclfe in fijn tafel) ghebeurende altijls als fijn imonls middelpunt rchijllbaer_ 
lick was jO fr. voor Gjn wechs vedlepunt,te weté onder des duyfieracrs 183 tr. 
en Saturnus an des imoms n~fiepunt: Maer buyten het naellepum wefende, 
foo was fijn Noordetfche afwijcking voor datmacl deender , ende ten minfien 
doenhy alfooanr ,'erfiepunt was, want hoewel hy dat dadelick niet {jen en 
('onde, deur dien Saturnus doen by de Son was, Coo merckte hijt noch lans by 
giffing deur de daghelickfche nlinderinghen die hy in fijn uyler1te vc:rfchijniQ. 
ghen gade flol1ch. 

1. LID T. 

Op de Zuytfijde bevant hyde meefie afwijcking van 3 tr. j 0, ghebeuren~ 
dealtijt als fijn imoms middelpunt was 'Onder het Icghenoverpunt des bo
ve{chreven 183 lT. dals onderdesduyfieraers 3 tr. en Saturnus an fi;n inronts 
naefiepunt : Maer buyten het naellepunt wefende, Coo was fijn Zuyderfchc af
wijcking voor dalmael deender J en ten minften doe men hem alCoo an her 
verftepun t \'andt. 

3 LID T. 
Tot hier toels ghefcyr van S;turnus eyghe'ilfchappen werende het ioronts 

middelpunt an fij n wechs grootlle afwijckingen , maer wefende tulfchen bey
den in een der duyfieraerfneen twee uyteifien,foo bevant hy SatuIDusaltijt int 
plat des duyfieraers fondcr breede, tOt wat plaets des inroDts hy oock mocht 
wefen. 

4 LID T. 

Hel fchijnbaerlickLle dat Plo//mem bedentken ronde van d'oirfaetk defa 
{ê:hfaem roerCels,om daerop een fpiegheling te gronden, deur we1cke men Sa. 
turnus breede op alle toecommende tijden berekenen eo van te vooren we
ten mocht,heefl hy befchreven int 3 hooftLliek Gjns 13 boue", waet af den fin 
duCdanich is. 

Laet AB t'plat des duyfieraers beteyckcnen OVefC:lnt ghe{jen, diens middel. 
punt dats den vallen Eeucloot C, waerdeurghetrocken is de wech DE, en 
firel;i,ende CD op de NooItfijde na des duyfteraers 183 tI. als ÎJlt I Iidt , fula: 

dat 
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1 suppose from this that they also were acquainted with their motion in latitude, 
because, if some heed is paid thereto, it is sufficiently revealed therein, 50 that 
I think that Ptolemy' S observations were not the first in this respect, but that 
before his day it had already been attentively observed and theories had been 
framed on it; but since these have not been handed' down to him or anyone 
else as far as is known, we will gratefully accept the diligent work he has done 
in this respect, without which it would now be difficult to attain to knowledge 
of this matter, seeing that too few observers are to be found. To come to the 
matter, I say as follows. Just as, in order to find the nature of the Sun's 
apparent equatorial latitude and of the Moon's apparent ecliptical latitude, it is 
first attemped to find directly their greatest deviations towards the South and 
the North, in order thus to know the place of the line of nodes and the rest 
relating thereto; thus Ptolemy in practically investigating the character of Saturn's 
apparent ecliptical latitude first inquired into its greatest deviations and found 
them on the North side to be 3°2' (thus it appears in his table 1), which always 
occurred when its epicycle's centre was apparently at 50° ahead of its orbit's 
apogee, to wit at 183° of the ecliptic, and Saturn at the epicycle's perigee. But 
when it was outside the perigee, its Northerly deviation was for that case smaller, 
and smallest when it was thus at the apogee; for though he could not see this 
actually, because Saturn then was near the Sun, yet he found this by guessing, 
from the daily decrements he observed in its extreme appearances. 

2nd SECTION. 

On the South side he found the greatest deviation to be 3°5', which always 
occurred when the epicycle's centre was at the point opposite the above-mentioned 
183°, i.e. at 3° of the ecliptic, and Saturn at its epicycle's perigee. But when 
it was outside the perigee, its Southerly deviation was for that case smaller, and 
smallest when it was thus found at the apogee. 

3rd SECTION. 

Up to this point Saturn's properties have been described when the epicycle's 
centre was at its orbit's greatest deviations, but when it was between the two 
at one of the two extremities of the line of nodes, he always found Saturn in 
the plane of the ecliptic without any latitude, no matter in what place of the 
epicycle it might beo 

4th SECTION. 

The most plausible explanation that Ptolemy could think of as the cause of 
this curious movement, to base thereon a theory by means of which one might 
calculate and know in advance Saturn's latitude at all future times, he has described 
in the 3rd chapter of his 13th book, the meaning of which is as follows. 

Let AB denote the plane of the ecliptic, seen transversely, whose centre is the 
fixed Earth C, through which has been drawn the orbit DE, CD tending on the 
North side towards 183° of the ecliptic, as in the 1st section, so that the two 

1) Syntaxis XIII, 6 (Manitius 11, p. 376), where also the tab!es for the other planets 
are found. 
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A dat de twee houekë AC D,B C Edes wechs 

afwijck.ing bedië,en op fijn uyterfie punt D 
na bet Noordë als middelpunt is befehrevé 

E' tinrontF G bycansevewijdich mettëduyfie
raer A B,diëS naefiepunt G, verfiepunt F, vii 
welcke getroeké fij n de twee linië G C ,E C. 
Ick heb hier gefeyt bycans evewijdich,deur 

D dien (verCchil feer cleé is, alleeneJick vä 2 tr. 
40, want dë houek A CD berekëde hy op 
.z tr. 260,enC DGop4tr. 300, weleke 
twee houekë om volcommë evewijdicheyt 

G te hebben evcgroot foudé moeté fijn. Defe 
boveCchrevë ronde wordë alremael gelijck 
vanden duyfieraer ge[eyt is verfiaé overcant 
gefié te fijn. Voortwe[ende Saturnusantin
ronts naefiepum G,fo wiert fijn fehijnbaec 
afwijeking vandë duy(leraer, datsdë houek 
AC G,ten grootfié bevonden van 3 .tr.2@ . 
daer af gbefeyt is int I lidt. Mac:r buyten het 
naefieput fijnde,als neem ick voor D, ofan 
F, fo was fijn Noordedèheafwijeking v~r 
datmaelcleender,en ten minfien ant verO:e
punt F we[ende. want decoder is dë houck 
AC F dä AC D. Maer om dcrgelijcke vcr
daring oock te doen opde Zuytlijde, [0 la et 
op des wechs uytcrfie punt E als midde1püt. 
beCchreven fijn het iDIont H I,oock bycans 
evewijdich metté duy(leraer A B,diens nae"
ficpuntH, vedlepunr I, van welcke getrocké 
fijn de twee Iinié H C, [C. Voort werende 
Saturnus ant inIonts naeftepunt H, fa wiett 

1. . fijn afwijcking vanden duyfieraer , dats den 
B hou ek BCH. ti: grootfté bevonden vá 3 tr. 

j CD ,daer af gefeyt is int 2lidt • maer buyten het naefiepuDt fij nde, als neem iek 
voor E ofin I,foo was fijn ZuydeIfche afwijckin g Voor datmad c\eender ,en t é 
minfien ant ver(lepunt werende, want cleender is den houck Bel dan B C E.· 

Ddè twee eyghenfchappen der afwijcking als het inront is ande uyterfien 
DEaldus befchreven fijnde, wy fullen nu commen totte verc\ating van d'oit
faeck der eyghenfchappen verhaelt int 3 lidt, te weten alft tuffehen beyden is. 
Plo!emtll4 ghevoelt dat commende het inront van D na de duylteraerfne , het 
blijft daerentufièhen altijt bycans evewijdich metten duyfietaer , te weten foo 
gerriaticht, dat wefende het inront F G voor C,fijn plat is dan altijt teenemae1 
int plat des duyfteraers,als ter plaets van K L,en al[dan foo moetmé gc:lijck int 
3 lidt ghefeyt is, Saturnus altijt bevinden inden duylteraer fonder bleede , lot 
wat pJaels desinronts hy oock weren mocht: Ende op fuleke fpicghcling heeft 
Plo/emell4 fijn voorfteJlen,lafelen en rekeninghen ghernacckt, wc:lcke iek na 
mijn ltijl befchreven hadde, op datretanderen tot hulp mochte firecken die na 
beter fpiegheJing trachten wilden, maer daer na ghevonden hebbende t' gene 
iek meen uyt kennisderoirfaken te commen,ghelijck ickdat int volgende he
fchrijvcn falJheb fulcx onghcdrudu ghelaten, gbeJlouch achtende de eyghen-
. . . Cc .z Cchap-
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angles ACD, BCE denote the deviations of the orbit. And about its most northerly 
point D as centre has been described the epicycle FG, almost parallel to the 
ecliptic AB, whose perigee is G, apogee F, from which have been drawn .the two 
lines GC, FC 1). I have here said "almost parallel", because the difference is 
very smalI, only 2°4', for he calculated the angle ACD to be 2°26', and CDG 
to be 4°30', which two angles would have to be equal for perfect parallelism. 
The above-mentioned circles are all understood to be seen transversely, as has 
been said of the ecliptic. Further, when Saturn was at the epicycle's perigee G, 
its apparent deviation from the ecliptic, i.e. the angle ACG, was found at most 
to be 3°2', as has been said in the lst section. But when it was outside the perigee, 
I assume in front of D or at F; its Northerly deviation was for that case smaller, 
and smallest when it was at the apogee- F, for the angle ACF is smaller than 
ACD. But to give a similar explanation also for the South side, let there be 
described about the orbit's extremity E as centre the epicycle Hl, also almost 
parallel to the ecliptic AB, whose perigee is H, apogee I, from which have been 
drawn the two lines HC, IC. Further, when Saturn was at the epicycle's perigee 
H, its deviation from the ecliptic, i.e. the angle BCH, was found to be at most 
3°5', as has beensaid in the 2nd section, but when it was outside the perigee, 
I assume in front of E or at I, its Southerly deviation was for that case smaller, 
and smallest when it was at the apogee, for the angle BCI is smaller than BCE. 

These two properties of the deviation when the epicycle is at the extremities 
D, E thus having been described, we now come to the explanation of the cause 
of the properties described in the 3rd section, to wit, when it is between the two. 
Ptolemy is of opinion that when the epicycle moves from D to the nodes, 
rrieanwhile it always remains almost parallel to the ecliptic, to wit, so moderately 
that when the epicycle FG is in front of C, its plane is always altogether in the 
plane of the ecliptic, as at KL, and in that case, as has been said in the 3rd section, 
Saturn must always be found in the ecliptic without anr latitude, no matter 
in what place of the epicycle it may beo And on this theory Ptolemy has based 
his propositions, tables, and calculations, which I had described in my own manner, 
in order that it might help others, who wanted to find a better theory. But since 
af ter that I found what in my opinion results from knowledge of the causes, 
as I shall describe in the following pages, I have left it unprinted, considering it 
sufficient that the properties of the first experiences, observed by Ptolemy 

1) For ECin the Dutch text read FC. 
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fchappen der «rik etvaringhen deur PtoltmtUJ mer {è1tf~em Y\'er en neerllic
heyt gaghefiagen , int gl:meen aldus vel'c1aerlle wefen,cn daeI me te commen 
totle voorghenomen fpicghelir.g ghegront op fieJling eens roerend en Een
doOts. l' BES LV Y 'I . Wy hebben dan befchreven P/;;!emeuJ dadelickc erva. 
ringhen V:101 Salumus lèhi,nbaer dcyfieraerbreeden, dienende om dJ er uy: ge. 
meene reghc! te tICekenvan fijn breedc:Joopseyghcnfchilppcn, na den cy!êh. 

21 VOO R S TEL. 

Te vinden de vvechlangden der tvvee punten van Sa
turnusvvechsfchijnbaer groodle afvvijckingen vanden 
cl u yfteraer, metfgaders de cortfie verheden van den Eert
dootvvech tone felve tvvee punten. Goek me de langde 
der heelelini vantcen punt dier groodle afvvijcking tot
ter ander ,in {uIcke deelë alfferdes Eertdoorvvcchs half .. 
middellijn IOooodoec, deurvvifconftighe :vverckingge
gron tOp ftelling eens roerend en Ecrrcloots. 

T' G HEG H E VEN. Laet ABC D SalUrnuswcch belcyckenen ,diens mid
ucJpunt E J des eeIldOOI\Vechs middelpunt F , waCI op bcfchrevcn is den Eert. 

A 

doot. 
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with exceptional zeal and diligence, had thus been explained generally and that 
thus I had come to the intended theory based on the theory of a moving Earth. 
CONCLUSION. We have thus described Ptolemy's practical experiences of 
Saturn's apparent ecliptical latitudes, serving to derive therefrom a common rule 
for the properties of its motion in latitude; as required. 

21st PROPOSITION. 

To find the orbital longitudes of the two points of the apparently greatest 
deviations of Saturn's orbit from the ecliptic, as weU as the shortest distances 
from the Earth's orbit to [hese two points; also the length of the whole line 
from the one point of that greatest deviation to the other, in such parts as the 
semi-diameter of the Earth's orbit has 10,000, by mathematical operations based 
on the theory of a moving Earth. 

SUPPOSITION. Let ABCDdenote Saturn's orbit, whose centre is E, the centre 
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c100tweeh G H ,en ghetroeken deur de twee puoten F E Saturnuswechs mid
dellijn A C, foo is A t'verfiepunt, werende ooder desduyfic:raersz33 Ir. deur 
het 13 voorllel defes 3 bouex, ende want deur het I lidt des 20 voodlels, Satur
nus grootfie Noorderfehe afwijcking gebeurde als hy fehijn baerlick was jO tr.· 
VOOI des duyfieraers z 3 3 tI. foo treek ick deur t'PUnt F de lini 1: F 0, [niende 
den EencIootweeh in I en K, foo dat den houek A F D doe de felve 50 tr.en 
fullen daer me 0 en B fijn de twee punten van Saturnuswech daer hy fehijn
baerlick in uj n grootfie afwijekinghen vanden duyfieraer can geuen worden, 
en.dat uyt de punten K en I. 

TB tG H HRD E. Wy moeren "inden de wechlangde dertweepunten B 
. en D, dat fijn de twee boghen A B en AB 0, voort de eordle twee verheden 
K D, I B, vanden Ecrtdootweeh totte felve twee punten, oock mede langde 
der heele lini vam cen punt dier grootfie afwijeking tottet ander, in (uleke dee
len allfer des Eertclootweehs half middellijn 10000 doet. 

l' BE RE Y T S EL. Laetghetroeken fijn EB, ED. 

'I' WE R C K. 

De driehouek E F D heeft drie bekende pale,te wete: de uytmidde1-
punticheytlijn E F 5256, des weehs half middellijn EO 92.308 
deur de Byeenvouging van het 13 voorfiel defes 4 bouex,en den 
houe E F 0 jO tI.deuu'gegevë:Hier megefoeht dé houek E D F, 
wort bevonden deur het 5 voorfiel der platte driehoueken van 2 tr, 30. 

Welcke vergaert totten houek A F D 5 ° tr. deur t' ghegheven, eomt 
voor den houek A E D ofbooch AD s.z tr. 30. 

Macr t'verfiepuot A is t'begin des wechs, daerom AD 52 fr. 300 
gheuockcn vant heel ront 360 tr. blijft voor de begeerde wech. 
langde van t' punt der Jehijnbaer grootfte uyterfte Noordc:rfche 
afwijeking 0, datsden booeb AB 0 307 tr. 30. 

Ende de fijde F 0 wort bevonden Van9j610~ waerafgetrockendes 
EertdoOlwechs half middellijn F K 10000, blijft voor de begeer
de confie verheyt K D vanden Eertclootwech tottet punt der 
fehijnbaer groOlfie Noorderfehe afwijcking D 8S610. 

Ende fghe Ii jeK gedaen metten driehouck E F BJ foo WOlt den hODek 
EB F bevonden van 2 tI. 30. 

\Velcke ghetrocken vanden houek B F C jO tr. (als even lijnde met 
haer teghenoverhouckAF D) blijft voorden houekCE B . 47 tr• 30. 

De fclvc ghetroeken vam halfroDt ABC, blijft voor de begheerde 
wechlangde va t'punt der fchijnbaer grootftc Zuyderfche afwijc-
king B,dats de booch A B I 3a tI. 30. 

Ende de fijde F n wort bevonden van SSS49,waer af ghetrocken des 
Eertclootweehs half middellijn F I loooo,blijfi voor de begeerde 
eoufie verheyt I B~ vanden Eertclootwe,h tottet punt der fchijn. 
baer grootfie ZuyderfcheafwijekingB 78849. 

En om te hebben de langde der heele lini B D, t'is kennelick dat die 
deur dedriedeelen B178849, IK20000, en KD 8j610, t'[amen 
bevonden WOrt voor t'begheerde van 184459. 

Waer af t'bewijs deuu'werck openbaeris. T' BES L V Y T. Wy hebben dan 
. ghevondcn de wechlangden der twee punten van Saturnuswechs fdlijnbaer 
grootfie afwijekingen vandë duyfieraer,meûgaders de corlfie verhedë vandcn 
Ectlclootwc:ch totte [elve twee pWlteD I ootkme de langde der hc:eleliJli vanc 

. C, ~ een 
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of the Earth's orbit F, about:whieh has been described the Earth's orbit GHj and 
when through the two points F, E is drawn the diameter of Saturn's orbit AC, A 
is the apogee, whieh is at 233° of the ecliptie by the 13th proposition of this 
3rd book. And beeause by the lst seetion of the 20th proposition Saturn's 
greatest Northerly deviation oeeurred when it was apparently at 50° before 233° 
of the ecliptie, I draw through the point F the line BFD, interseeting the Earth's 
orbit in land K, so that the angle AFD shall máke the said 50°; then D and B 
will be the two poiNts of Saturn's orbit where it ean apparently be seen in its 
greatest deviations from the ecliptie, sueh from the points K and I. 

WHAT IS REQUIRED. We have to find the orbital longitudes of the two 
points Band D, i.e. the two ares AB and ABD, further 'the two shortest distanees 
KD, IB from the Earth's orbit to these two points; also the length of the whole 
line from the one point of that greatest deviation to the other, in sueh parts 
as the semi-diameter of the Earth's orbit has 10,000. 

PRELIMINARY. Let there be drawn EB, ED. 

PROCEDURE. 

The triangle EFD has th ree known terms, to wit, the line of eeeentricity EF 
= 5,256, the orbit's semi-diameter ED = 92,308 by the Compilation of the 13th 
proposition of this 3rd book 1), and the angle EFD = 50° by the supposition. 
When the angle EDF is sought therewith, this is found, by the 5th propositión of 
plane triangles 2), to be. 2°30' 

When this is added to the angle AFD = 50° by the supposition, 
the angle AED or arc AD becomes 52°30' 

But the apogee A is the beginning of the orbit, therefore when AD = 
52°30' is subtraeted from the whole eircle = 360°, there is left for 
the required orbital longitude of the point of the apparently greatest 
extreme Northerly deviation D, i.e. the arc ABD, 307°30' 

And the si de FD is found to be 95,610, and when from this is 
subtraeted the semi-diameter of the Earth's orbit FK = 10,000, there 
is left for the required shortest distanee KD from the Earth's orbit to 
the point of the apparently greatest Northerly deviation D 85,610 

And when the same is done with the triangle EP B, the angle EBP is 
found to be 2°30' 

When this is subtraeted from the angle BFC = 50° (as being equal 
to its opposite angle AFD), there is left for the angle CEB 47°30' 

When this is subtraeted from the semi-eircle ABC, there is left for 
the required orbital longitude of the point of the apparently greatest 
Southerly deviation B, i.e. the arc AB, 132°30' 

And the side PB is found to be 88,849, and when from this is 
subtraeted the semi-diameter of the Earth's orbit FI = 10,000, there 
is left for the required shortest distanee IB, from the Earth's orbit 
to the point of the apparently greatest Southerly deviation B, 78,849 

And in order to have the length of the whole line BD, it is obvious 
that by the addition of the th ree parts BI = 78,849, IK = 20,000, 
and KD = 85,610, this required value is found to be 184,459 

1) For deses 4 bOl/ex in the Dutch text read deses J bouex. 
') Stevin's Trigonometry (Work XI; i, 12), p. 152. - See Vol. 11 B, p. 755. 
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een punt dier grootfte afwij,king tottet ander, in fuÎeke deden al1Tcr des Eert
<:lootweehs half middellijn 10000 doet, deur wifconftighe wereking ghegronr 
·op ftdling eens Ioerenden Eendoots, na den cyfch. 

12. VOORSTE L. 

Te vinden Saturnusvvechs afvvijcking vandéduyfie
raer. Met(gaders hoe verre de d u yfteraerfne van des Een
dootvvechs middelpunt valt ,in {ulcke deden alffer àes 
Eertdootvvechs halfmidddii j n 10000 doet, deu r vvif
conftighe vvercking ghegront op ftelling eens roeren .. 
den Eertdoots. . 

T' G HEG H E VEN. Laet de lini A B den Eertc100tweeh bedien overcant 
shefien, die iek even teyeken an des Eertcloolwcchs middellijn I K inde form 

. 
~ . . . , . . . 
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; 
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: 
J 
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~ 
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des %1 voorftels,C fy t'middelpunr,daer na treek; . 
ick defe D E,evcn metdie DB inde felveform 
des 2Ivoorfiels,doéde 18449 j 9,en deCe C D evi! 

" met dieF D,dcfeC E even met die FB,en fnien
de delè twee linien malcandet in of onrrenrC • 
mlo: dat dé houek der afwijeking dier twee plat
ten is AC D,en A D fY de liDi vanden Eertcloot 
an A, totSaturnusweehs uyterfie noorrfehe punt 
der awijckingdoéde~eurhet II voorfiel8 5610 • 

wefendedaer de liDi K D: Sgelijcx fy BEde lini 
van den Eeudool an B.tot Saturnuswechs uytet-
1kruytfche punt der afwijcking E. doende deu!: 
het felve u voorfiel7 8 849, welcke daer bet eyc
ken t is met F B,daer na A Ban weder lijden "cr
Jangtwefende tOt Fen Gloo fijn A F en B G int 
plat des duyfieraers,enSaturnuSmeel1e noorda
{ehe breede fy dé houek F A D, doende deur het 
j lidtdes 2.ovoorftels 3 tr.2 0,maer fijn meeftc 
zuyderfche brcededéhouck G B E,doende dew: 
het :z.lidt deS20 VOOlficls 3 tr . .s (D, " 

T'» E G EER D.E, Wy moeten vinden Samr
Duswechs afwijeking vander. duyfieraer,dats dé 
houckAC D, metfgaders hoe verre de duylle
rael fne van des Eerlclcotwechs A B middel. 
punt C valt. 

T' WE Re K. 

De eruyfvierhouck AB D E heeft vijfbeken. 
de palen, te weten de tijde A B middellijn des 
'.Eertclootwechs 2ccoodeur t'gheftclde: Boven 
dien {co doet deuu'ghegheven AD 8j610, BE 

,1149, den houck DAB 176 tr.j8 <9 , want {co veel blijf ter alfDlen treckt 
fAD 3 lr.a (D,vallthalfrollt,elldellhouàEBA J7óU.,sj (D,Want foovec1 

blijfle!: 
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ihe proof of which is evident from the procedure .. CONCLUSION. We have thus 
found the orbitallongitudes of the two points of the apparently greatest deviations 
of Saturn's orbit from the ecliptic, as weIl as the shortest distances from the 
Earth's orbit to these two points; also the length of the whole line from the 
one point of this greatest deviation to the other, in such parts as the semi-diameter 
of the Earth's orbit has 10,000, by mathematical operations based on the theory of 
a moving Earth; as required. 

22nd PROPOSITION. 

To find the deviation of Saturn's orbit from the ecliptic, as weIl as how 
far the line of no des is from the centre of the Earth's orbit, in such parts as the 
semi-diameter of the Earth's orbit has 10,000, by mathematical operations based 
on the theory of a moving Earth. 

SUPPOSITION. Let the line AB denote the Earth's orbit, seen transversely, 
which I draw equal to the diameter of the Earth's orbit IK in the figure of the 
21st proposition; let C be the centre. Thereafter I draw this DE equal to that 
DB iri the said figure of the 21st proposition, making 1,844,959, and this CD 
equal to that FD, this CE equal to that FB, and these two lines intersecting each 
other in or about C, 50 that the angle of. the deviation between those two planes 
is ACD, then AD shaIl be the line from the Earth at A to the extreme northerly 
point of the deviation of Saturn's orbit, making by the 21st proposition 85,610, 
which there is the line KD. In the same way let BE be the line from the Earth 
at B to the extreme southerly point of the deviation of Saturn's orbit E, making 
by the said 21st proposition 78,849, which is there denoted by FB. Thereafter, 
AB being produced on either side to .p and G, AF and BG are in the plane 
of the ecliptic, and Saturn's greatest northerly latitude shaIl be the angle FAD, 
making by the Ist 1) section of the 20th proposition 3°2', but its greatest southerly 
latitude the angle GBE, making by the 2nd section of the 20th proposition 3°5'. 

WHAT IS REQUIRED. We have to find the deviation of Saturn's orbit from 
the ecliptic, i.e. the angle A CD, as weIl as how far the line of nodes is from 
the centre C of the Earth's orbit AB. 

PROCEDURE. 

The crossed quadrilateral ABDE has five known terms, to wit, the side AB 
(the diameter of the Earth's orbit) = 20,000 by the supposition; moreover, by 
the supposition AD makes 85,610, BE 78,849, the angle DAB 176°58', for 
that is what is left when FAD = 3°2' is subtracted from the semi-circle, and 
the angle EBA = 176°55', for tnat is what is left when GBE =.3°5' is subtracted 

1) F or 5 in the original read I. 
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blijftcratfmcn treekt G BE 3 tr, j 0 vant hatfront: Merél noch dat benevens 
de bovefehrcven vijf bekende palen, tot meerder geriefbekent fijn drieander, 
tewelen DE Eni tu1fchen de twee punten der uytèrfte breeden van Saturnus, 
doende deur het21 \"oorfiel defes 3 bOl1ex I 844959,de liniA E98849,ats evé 
ghenoueh fijndemetAB2.cooo,en B E78849 t'(amen:Voort de liniBD 
105610, als even genoueh fijnde met A B 20000, en A D8j6IOt'làmen: Hier 
me ghefoeht den houek A CD, wort bevonden deur het 6 voorfiel inde Ey .. 
vough der platte veelhoueken voor Saturn"uswechs begeerde afwijeking van
den duyfreraeu tr, 43 0, waervoor Plo/emem int 3 Hoofifiick fijns 13 boucx 
al tafrende vandt 2 tr. 26 0. 
" Angaende de verheyt der duyfieraerfne van des EertcIootwechs middelpunt 
e,fy wort ghenouchfaem bevonden daer in te vallen,\Vant onder verfcheyden 
neminghen der palen daer t'werck deur gedaen can worden, foo viel my deur 
de ghene die iek nam den hou ck A D C van 190, waer me des driehoucx 
D A C drie bekende palen,teweten de twcehoucken ADC,D CA,endefij
de AD my uytbrochten de lini A C van JOl94,t'wclek te veelis294,Waot om 
voIcommen te wefen foudet fij n lOOOO,maer l'fchill foo weynich dat nemen. 
de voor den houek A DC 18 0, in plaels van 19 0als vomen, foocomtdan 
voor A C 9732., t'welck 2.68 weynigher is dan de volcommenheyt vereyfcht. 
fulcx dalment daer voor houden mach de duyLleraerfne te vallen deur des Eert
clool\Vcchs middelpuntC, overeencommende mette rekening die Plo/tmttu 
op fijn fpieghelingghemaeekl heeft,aldaer vallende deur den vaLlen EertcIoot, 
want de felve in die fielling fulcxwat is als des EerrcIootwechs middelpunt in
de harc,ghelijckick int 18 voorfieldefes 3 boucx daer afwat vercJaring ghe. 
daenheb. 

Merckt noch dat ander manier van wereking dan de voorgaende mach ge-
" daen worden, met cerLl!e vinden de lini C D (dat is van des Eertclootwechs 
middelpunt tOt Salurnus ter ghegheven plaets fijns wechs) deur het 6 Iidt des 
J S VOOIl\e1~ defes 3 boucx , want die bekent fijnde, foo' heeft den driehouek 
A D C drie bekende palen, te weten benevens die C D noch de lini A D ,en de 
hou ek AC D,waer me d'anderonbekende paten ghevonden worden. 

TB E S LV Y T. Wy hebben dan gevonden Salurnusweehs afwijeking van
den duyfieraer: Metfgaders hoe verre de duyfteraerfne van des Eertclootweehs 
middelpunt valt, in fukke deden al1fer des EertcIootwechs hatfmiddellijn 

" 10000 doet, deur wifconfiighe wercking ghegront op ftelling eens roerenden " 
EertcIoots, na den eyfch. 

MER C KIN H 0 V DEN D E VER .. 
" claringdat Satur1Jll4 breedeloopfefter ghetuychnis gheeftrvant 

roerfel des Eertc!mJts. 
Alfmen met ftelling eens vaften EertcIoots feghtSaturnusinronts middel. 

punttewefenandeduylleraerfne, foo bevintmen hem metter daet aJtijt int 
plat des duyfieraers fonder breedc,tot wat plaets hy oock int inront fijn mocht 
deur hel 3 lidtdes ~o voorLleis , t'weIck voor een wonder gehouden fijnde,foo 
heeft Plo/emem daer toe verdocht fuleke fpiegheJing als befchreven is int felve 
20 \'oorfiel,maer met defe fieUing eens rocrendé EertcIoots fiermé alles noot
fakelick te moeten volghen uyt de eenvoudit;he draeying van Saturnus hemd 
op haer as, fonder yet nieus ofvreemts daer by te moeren verfieren, en datmen 
tieh met reden verwonderen mocht,fooment anders bevonde, want <:ommen-

" " Cc + de?>, 
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trom the semi-circle. Note also that besides the above-mentioned five known 
terms for greater convenience three more are known, to wit, DE, the line 
between the two points of the extreme latitudes of Saturn, making by the 21st 
proposition of this 3rd book 1,844,959, the line AE = 98,849, as being 
sufficiently equal to AB = 20,000 and BE = 78,849 together. Further the line 
BD = 105,610 as being sufficiently equal to AB = 20,000 and AD = 85,610 
together. When the angle ACD is sought therewith, by the 6th proposition in the 
Supplement of plane polygons 1) there is found for [it, i.e. for] the required 
deviation of Saturn's orbit from the ecliptic 2°43', for which Ptolemy in the 
3rd Chapter of his 13th book tentatively found 2°26'. 

As to the distance of the line of nodes from the centre of the Earth's orbit C, 
it is found substantially to fall therein, because among several assumptions of thc 
terms by means of which the operation can be performed I found among those 
I took the angle ADC equal to 19', by means of which the three known terms of 
ttte triangle DAC, to wit, the two angles ADC, DCA and the side AD, yielded 
me the line AC = 10,294, which is 294 too much, for in order to be perfect 
it would have to be 10,000; but the difference is so small that, taking the angle 
ADC equal to 18' instead of 19', as above, I get AC = 9,732, which is 268 less 
than perfection requires; 50 that it may be assumed that the line of nodes faUs 
through the centre of the Earth's orbit C, which corresponds to the calculation 
performed by Ptolemy on the basis of his theory, where it faUs through the fixed 
Earth, for the latter in that theory is the same as the cent re of the Earth's orbit 
is in this theory (of the moving Earth), as I have explained in the 18th proposition 
of this 3rd book. 

Note also that another method of operation thanthe preceding one may be 
used by first finding the line CD (i.e. from the centre of the Earth's orbit to 
Saturn at the given point of its orbit) by the 6th section of the 15th proposition 
of this 3rd book, for when that is known, the triangle ADC has three known 
terms, to wit, besides the said CD also the line AD and the angle ACD, by means 
of which the other unknown terms are found. 

CONCLUSION. We have thus found the deviation of Saturn's orbit from 
the ecliptic, as weIl as how far the line of nodes faIls from the centre of the 
Earth's orbit, in such parts as the semi-diameter of the Earth's orbit has 10,000, 
by "mathematical operation based on the theory of a moving Earth; as required. 

NOTE 

consisting in a statement that Saturn's motion in latitude 
furnishes certain evidence. of the motion of the Earth. 

When it is said on the theory of a fixed Earth that the centre of Saturn's 
epicycle is in the line of nodes, it is indeed always found in the plane of the 
ecliptic without any latitude, no matter in what place it may be on the epicycle, 
by the 3rd section of the 20th proposition; and because this was considered a 
wonder, Ptolemy devised for it the theory that has been described in the said 20th 
proposition; but with the present theory of a moving Earth it is seen that everything 
must necessarily follow from the simple rotation of Saturn's heaven about its 
axis, without anything new or strarige having to be invented; and that one would 

1) See p. 18g, note 1. 
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de by VOOlbeelt ghefeyt, Saturnus van E tot dat hy is 2nde duyllcraerfne "oor 
C, foo is hy dan int plat des duyfic:rac:rs, cn wantter den Ecrtdoot nummer- . 
meer buyten en loopt, foo volght dJer uyt dat tot wat plaets haers wc:chs cirri 
fel ven Eertcloot dan is, u)() en cau Satlllnus van daer n ic:t dan inden duyfte
racr ghclien worden: En is onder anderen hier me het roerlèl des Eertcloots 
foo opcnbaer, dat ment by de ghene diet ontkennen, ,'oorghebreck \"an erva· 
rentheYI houden mach. 

23 VOO R S TEL. 

Te vinden de vvechlangde der tvvec uyterfie punten 
vande duyfieraerfne, en vande tvvee J.l)'terfie punten der 
afvvijckingin Saturnusvvech, oock der linidie va Sacur
nusvvechs middelpunt op de duyfieraerfne rcchthouc
kich valt in fulcke deden al !fer des EertcloOtvvechs half· 
middellijn loooodoet,deur vvifconfiige vverckingghe. 
gront op Helling eens roerenden Eertcloots. 

T G HEG H 1: VEN. Anghefien ick Oill mijn voornemen wel te verclaren 
hier foude moeten veneyckenen de ferm des 2.1 vooritds, Cim dac:! !loch by te 
vervougë ,'gene in dit VONne! vereyfcht is, foo fa! iek de voorfchrt:l'é form des 
:n voorfic1s fdf daer :oe gd>ru}ckë , lot wekken einde ick aldus Cegh : Nadien 
de duyfleracrfne lkurdesEertdootwechs middelpunt llredr,volgens ('inhout. 
des n voorfieJs ,[00 treek ick inde form va nt 21 voorfle1 deur des Fenc/oot
wechs middelpunt F de lin: L M,:!is dllj1fteraerfne rechthouckich op DB, van 
wiens :weeuytcrfie punten L, M, kk treek dc twee Iinien LEen MI; Treek: 
daer nackur t'punt E Saturnuswechs middellijn NO cvewijdeghe met D n, 
cn fniendeLMinP. TllE GRE E RD E. \Vy moeten vindellde wechlangden 
van V, M, wefendede twee uyterfte punten vap.de duyfieraerfne L M; Sghe
lijex ue wechlangde van N O,wefendc de uyterfie punten der afwijc:kil1g in Sa. 
lurnuswech, ende E P I:lOgd:: der lini. die van Saturnt:.swechs middelpunt E op 
de duy!tclaerü:e L M lechrhoutkich comt. 

T W ERe K. 

Vanden rechthouck LP D doende 90 tr. ahetrclCken dell honck 
AF D, doende deur het I Iide des 20 vooritcls '0 tr. blijft voor 
dCl.houekLFE 4otr• 

De driehouck L F E heeft dde bekende palen J te weten L E als half
midddlijn deswechs 92.308. de uytmidddpunticheytlijn E F 
52s6deur her Byeeuvoughfel vailt I~ voorfiel defrs 3 bouex, 
en den houd: L F E 40 u. eerHe in d'oirden : Hier me gheJocht 
oen hou.:k F!. E, WOlt bevonden deur het s voorftel der platte 
dtiehoucken van 2Ir.6. 

\Velcke vcrg:teit tcue ,\0 tr. des ho~cx L FE, eomt voor Jen houd; 
A E I ,cfhc)o.:hA. L,als begheerde wechlangde vant een punt 
d.:roudreraer(llt' L 4"~ tr,6. 

J.v\aerom· te vindt: de wechlangde "ant :,.nder pur.t M, ('is lrennelick 
den houckF M x,even tewdcnC1:t!4;n houckfI.E,en tc~oen 

als die 
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wonder with reason if one found it otherwise, for when e.g. Saturn moves from 
E until it is in the line of nodes in front of C, it is in the plane of the ecliptic, 
and because the Earth never moves outside it, it follows that no matter in what 
plac"e of its orbit the said Earth then is, Saturn cannot thence be seen anywhere 
but in the ecliptic. And from this, among other reasons, the motion of the Earth 
is so evident that those" who deny it are to be considered lacking in experience. 

23rd PROPOSITION. 
To find the orbital longitudes of the two extremities of the line of nodes, and 

of the two extremities of the deviation in Saturn's orbit, also of the line which 
from the centre of Saturn's orbit is dropped perpendicular to the line of nodes, 
in such parts as the semi-diameter of the Earth's orbit has 10,000, by mathema-
tical operations based on the theory of a moving Earth. " 

SUPPOSITION. Since in order to explain my intention properly 1 should have 
to draw anew the figure of the 21st proposition and add thereto what is required 
in the present proposition, 1 will use the aforesaid figure of the 21st proposition 
itself, to which end I say as follows: Since the line of no des passes through.the 
centre of the Earth's orbit, according to the contents of the 22nd proposition, 
1 draw in the figure of the 21st proposition, through the centre of the Earth's 
orbit F, the line LM as the line of no des at right angles to DB, from whose 
two extremities L, M I draw the two lines LE and ME I then draw through the 
point E the diameter of Saturn's orbit NO parallel to DB and intersecting LM 
in P. WHAT IS REQUIRED. We have to find the orbital longitudes of L, M, 
which are the two extremities of the line of no des LM; also the orbital longitudes 
of N, 0, which are the extremities of the deviation in Saturn's orbit, and EP, 
the length of the line which from the centre of Saturn's orbit E is dropped 
perpendicular to the line of nodes LM. 

PROCEDURE. 
When from the right angle LFD, making 90°, is subtracted the 

angle AFD, making by the Ist section of the 20th proposition 50°, 
there is left for the angle LFE 40° 

The triangle LFE has three known terms, to wit, LE (as the semi
diameter of the orbit) = 92,308, the line of eccentricity EF = 5,256 
by the Compilation of the 13th proposition of this 3rd book, and the 
angle LFE = 40° (the first in the present list); when the angle 
FLE is sought therewith, it i~ founçl by the 5th proposition of plane 
triangles 1) to be " 2°6' 

When this is added to the 40° 'of the angle LFE, I get for the angle 
AEL or arc AL, as the required orbital longitude of the one point of 
the line of nodes L, 42°6' 

But in order to find the orbital longitude of the other point M, it is 
obvious that the angle FME is equal to the angle FLE and, like the 
latter, makes 2°6'; when this is subtracted from the angle CFM which, 
being the opposite angle to LFE = 40° (the first in the present list), 
has the same value, there is left for the angle FEM, that is also CEM, 
or for the arc CM, 37°54'. When this is added to the semi-circle 
ABC = 180°, the required orbitallongitude of the point Mis 217°54' 

1) See p. 223, nate 2. 
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alsdie2tr. 60, defclve gherlocken vanden houckCF M, die 
als teghenoverhouck .van L FE -40 tI. eerfie in d'oirden oock Coo 
,"cel doet,blijft voor den hóuek F E M, datsooek CE M ,ofvoor' 
de boochC M 37tI. j4@:De Cclve wrgaentotterhalfrondt 
A TI C lSotI,comt voor begheerde wechlangdedespunrs M 217 tr• H. 

Maer om nu te vinden de wechlangde vande twee uyterfte punten 
der afwijckingin Saturnusweeh C,(t'weIckom bekende redenen 
niet en fijn de twee pll.Dt ë B,D,hoewcl Saturnus daer uyt dëEert
doot inde aldcrgroOlfie fchijnbaer duyfteraerbreede can ghefien 
wordé,mael N,O) ick fegh aldus:Angdien dë houck E D F doet 
deur het 2. J voorfiel2. tr. 30 (D, en dat dé houck NE Devé is an 
E D F,om dat E D is tu{fchen de twee evewijdegell E N,F D, foo 
doet dë houck END, ofde booch D N oock 2 tr. 30 (D, die ver
gaen lotte wechlangde des punts D, doende deur het :n vooIltcl 
307 tr. 300, comt voor begheerde wechlangde des punts N 310 tr. 

Ende 0 leghenoverpunt van dien moet fijn in des wechs I :otr. 
Om nu Ie vinden de lini E P,foo heeft dael roeden driehouck ELP 

drie bekende palen,te weten de halfmiddellijn .E L 92308 deur de 
Byeenvougingh van het 13 voorltcl defes 3 bouc:x , den houck 
E. L P 2. tr. 6 Q)·tweede in d'oilden, en den houck E P L recht: 
Hier me ghefocht de fijdeE P , WOrt bevonden deur bet 4- voor-
!lel der platIe driehoueken voor begheerde lini van 3 )18. 

Wàer af I'bewijs deur t'welc:k openbael is. T' BES L V Y T. Wy hebben dan 
ghe\'ondcn de wechlangde der twee uyterfi"e punten vande duyfteraerfne, en 
vandc twee uyterfie punten dcrafwijeking in Saturnuswech, ooek der Iini die 
vä Saturnuswechs middelpunt op de duyfteraerfne rechthouckich valt, in fule
ke deelen al{fer des Eertclootwechs half middellijn Ioooodoet, deul wifconfti
ghe wcrcking ghcgrom op ftcJljng eens roerenden Eertc1oots, na deneyfch •. 

VER VOL G H. 

Tis kennelick dat Saturnus in fijn weeh vanden -42 tr. 6 ® derde in d'oir
den, dats inde fmm des 21 voorfiels van Lover B tot M ,altijt Zuyderlick moet 
welen, maer vanden .7.17 tr. H ® vierde in d'oirdcn, totten 42. tr. 6 <D ,datl . 
van M over A tot L altijt Noorderlick : Om t'welck noch opentlicker te ver
claren ,merckt dat de vOOIrchreven booch van Lover B tOt M doende 2.l7 tI. 
j 4- <D ,inde form des 22. voorficls anghewefen is deur de lini CF, waer me t'fel· 
ve ronrrdec:l L B M beteyckent wort ovércant ghefien te wefen : l'welck foo 
fijnde,Sa[urnus en can in CEder form deS23 voorftels tot fukken plactsniet 
weren, dat hy ghefien uyt den Eertc100t lot wat plaets dieoock in hacrwech 
A B mocht wefen I anders verfchijne dan op de Zuytfijde des duyfieraers F G: 
En fghelijcx en can hy int deel C D der fOlm des 22 voorftcls (beteyckenende 
hel bovclêhrcven Iontfdeel MAL der form des 21 voorfieis) tot fulckë plaets 
niet wefen, dat hy gheficn uyt den Eertcloot. tor Wat plaets die oock in 
haer wech A B mocht wefen. anders verfchijnedan op de NoorrfiJde des duy. 
ftcracrs FG. 

24 VOO R S TEL. 
Te v inden de langde der lini. die van een gegeven punt 

jn Sawrnusvvech rc:chthouckich valtopt plat desduy" 
. fieracrs 
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But in order now to find the orbital longitudes of tbe two extremities 
of the deviation in Saturn's orbit C (which for known reasons are not tbe 
twO points B, D, though Saturn càn there be seen from the Earth at 
the greatest apparent ecliptical latitude, but N, 0), 1 say as follows: 
Since the angle EDF by the 21st proposition makes 2°30', and the angle 
NED is equal to EDF, because ED is situated between the two parallel 
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lines EN, FD, the .angle NED 1) or the arc DN also makes 2°30'. 
When this is added to the orbital longitude of the point D, which 
by the 21st proposition makes 307°30', the required orbital longitude 
of the point N becomes 

And 0, the opposite point thereto, must be in the orbit at 
In order now to find the line EP, the triangle ELP has three known 

terms, to wit, the semi-diameter EL = 92,308 by the Compilation 
of the 13th proposition of this 3rd book, the angle ELP = 2°6' (the 
second in the present list), and the angle EPL right. When the side 
EP is sought therewith, the required line is found, by the 4th proposition 
of plane triangles 2), to be 3,378 

The proof of which is evident from the procedure. CONCLUSION. We have 
thus found the orbital longitudes of the two extremities of the line of nodes, 
ahd of the twO extremities of the deviation in Saturn's orbit, also of the line 
which from the centre of Saturn's orbit is dropped· perpendicular to the line 
of nodes, in such parts as the semi-diameter of the Earth's orbit has 10,000, 
by mathematical operations based on the theory of a moving Earth; as required. 

SEQUEL. 

It is obvious that Saturn in its orbit from longitude 42°6' (the third in the 
present list), that is in the figure of the 21st proposition from L via B to M 
(i.e. to 217°54'), must always be on the South side, but from longitude 217°54' 
(the fourth in the present list) to longitude 42°6', that is from M via A to L, 
always on the North side. In order to explain this even more plainly, note that 
tbe aforesaid arc from L via B to M, making 175°48' 3), in the figure of the 
22nd proposition is designated by the line CE 4), by which this part of the 
circle LBM is denoted to be seen transversely. This being so, Saturn cannot in 
CE of tbe figure of the 22nd proposition be in such a place that, when seen 
from the Earth - no matter in what place the latter may be in its orbit AB -
it appears anywhere but on the South side of the ecliptic FG. And in the same 
way, in the part CD of the figure of the 22nd proposition (denoting the above
mentioned part of the circle MAL of the figure of the 21st proposition) it 
cannot be in such a place that, when seen from the Earth - no matter in what 
place the latter may be in its orbit AB - it appears anywhere but on the North 
side of the ecliptic FG. 

24th PROPOSITION. 

To find the length of the line which from a given point in Saturn's orbit is 
dropped perpendicular to the plane of tbe ecliptic, in such parts as the semi-

1) For END in the Dutch text read NED. 
2) Stevin's Trigonometry (Work XI; i, 12), p. 147. 
8) For 2 1 7°54' in the Dutch text read 175°48 '. 
') For CF in the Dutch text read (''E. 
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fteraers, in Culckedeelen aUfer des Eertclootvvechs half
middellijn IOOCC doet, deurvviCconllighe vverckinggc
gron t op llelling eens {Oerenden Eertcloots. 

T' G HE GHEVE N. LaetA B C D Saturnus hemel fijn ,diens midd~lpullt 
E waer deur ghetrocken is de rechte BED (van gedaen te als N EO inde form 
d~s 2.1 voorfiels) beteyckenende Saturnuswech overcant gefien, daer in t'punt 

A 

C 

F Cy de duyfieraerCne ooek ovcrcant gbefien, fao dal E F (even an EP inl %I 
voorficl) is de lini die van Saturnu5wechs middelpunt op de duylleraerfnc 
rechlhouckichcomt, doende deur het 2.J voorfiel3 378, daer na ghetrocken 
deur t'punt F de rechte AF C , bediende ['plat des duyfieraers overcant gheficn. 
cndeden houek B FA, wefende de afwijcking des wechsvan t'plat des duyfie
ram doet deur het 22 voorfiel defes 3 boucx ~ u. 4-3 0. T' W ERe K. 

I VOO R B E E L T, 

Ghenomen ten eerften dat hier in ghevonden moet fijn de langde der lini 
B G ,die van des wechs meefie afwijcking B, rechlhouekich \'alt opt plat des 
duyfleraers A C. Om daer toe te commen iek fegh des weehs halfmiddellijn 
EB Ie doen 9~308deur het Byeenvoughfel vam J 3 voorllel defes 3 boue:x, en 
F E 33 7 8 deun'ghegheven • welcke \'ergaert maken t'lämen 9 j 6 8 6 voor de ]i .. 
ni F B, waer me de driehouck B F G drie bekende palen heeft, te weten de fijdc: 

FB 
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diameter of the Earth's orbit has 10,000, by mathematica! operations based on the 
theory of a moving Earth. 

SUPPOSITION. Let ABCD be Saturn's Heaven, whose centre is E, through 
which has been drawn the straight line BED (of thesame character as NEO in 
the figure of the 21st proposition), designating Saturn's orbit, seen transversely, 
wherein the point F shall be the line of nodes, also seen transversely, so that 
EF (equal to EP in the 21st proposition) is the line which from the centre of 
Saturn's orbit is dropped perpendicular to the line of nodes, by the 23rd 
proposition making 3,378. Thereafter through the point F is drawn the straight 
line AFC, denoting the plane of the ec1iptic seen transversely, and the angle 
BFA, which is the deviation of the orbit from the plane of the ec1iptic, by 
the 22nd proposition of this 3rd book makes 2°43'. 

PROCEDURE. 

lst EXAMPLE. 

Let it firstly be assumed that in this has to be found the length of the line 
BG, which from the greatest deviation of the orbit B is dropped perpendicular 
to the plane of the ec1iptic AC. In order to come tó this, I say that the semi
diameter of the orbit EB makes 92,308 by the Compilation of the 13th 
proposition of this 3rd book, and FE 3,378 by the supposition, which when 
added together make 95,686 for the line FB, so that the triangle BFG has 
three known terms, to wit, the side FB = 95,686, the angle BFG = 2°43', and 
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FB9j686,den houckB F G % tr.43 0, enden houck B G Frecht deur t'ghe
gheven:Hier meghefocht de fijde B G, wort bevonden deur het 4- voorfiel d« 
plalle:driehoucken voou'begheerde van4HS. 

2 VOO R B E E L T. 

Ghe:nomen ten Iweedendal gevonden moet fijn de: Hni H I,commende uyr 
des wechs 30 Irap,van t'pum del uyterfie afwijcking B gheteIt • mael want die 
lini e\'en isande Iinidiedcr valt uytdes wechs halfmiddelIijn EB, ,'an t'punt H 
als uytcrftedeshouckmaer pijls BH, van 30u.foo laet ons E B anfien voor 
wechs halfmiddelIijn, wa et in EH fal fijn houckinaet van 60 tr , dats van t'vie
rendeelrontfchil der ghege:ven 30 fr. doe:nde die houckmaet 8660.Dir foo fijn
de ick fè:gh aldus: Doende: de halfmiddellijn E B 10000,(00 doet EH 8660,wat 
fal EH doen wefende EBghefieltop 9l30Skomt alfdan voor EH 79919, daee 
toe velgacn E F doe:ndedeul t'ghe:geven 3378.comt VOOI F H 833 17, waer me 
de driehouck H F I drie bekende palen heef!; te weten de fijde F H 83317. den 
houck H F I % II. 43 0, en den houck H 1 F recht: Hier me ghefocht de fij_ 
de H I, wort bevonde:n deur het ... voolfiel del platte driehoueken voor het be. 
ghee:rde van 3949. En is kennelick H 1 te commen uyt Saturnuswechs 340 tr. 
want defe Bwort inde form deS%l voorfieIs beteyckent met N, wefende indc:s 
wechs 310ft. deul het 23 voorfiel,waer wede 30 tr. comtalsvOOlen 340tr. 

Merckt 11U dat fulOl: als hier ghewee:fi is de maniel van t'vinden· der· Jini H I 
tulfche:n Een B, of Ie int halffOntEB , alfoo fulfeoockfijn tot allen plaetfenint 
fclve half rom. 

3 VOO R B E E L T. 

Ghenomen ten derden dat gevonden moet fijn de lini EK, commende uyt 
des wechs 90 tr. van t'punt der uyterfieafwijcking D ghetc:lt. Om dael toe te 
commen ,ick fegh dat anghefien E F doet 3378 deur t'ghegeven, foo heef! den 
driehouck E F K drie bekende palen, te weten F E J 378, den houck E F K Zit. 

43 0 , en den houck E K F recht: Hiel me ghefocht de fijde E K won bevon
den deul het 4 voorfiel de:r platte dliehouéken voor t'hegheerde van 160. Duf. 
danich dan gheweefi hebbende den vooIlganck iJlt half lont EB, wy rullen nu 
dcrghclijcke doen int ander halfrontE D. 

4 VOO R B E E L 1'. 

Ghenomen ten 4 dat ghe:vonden moet fijn de langde del lini D L, die van 
des wechs meene Zuyderfche afwijcking D , rcchthouckich· valt opt plat des 
duyfie:raers AC: Om dael toe te: commen , ick fegh des wechs half middellijn 
EDtedoen 91308 deur het Byeenvougfel vant J3 voorftcl defes3 bouOl: ,en 
FE 3318 deul t'gheghcven,welcke ghctrocken vande: 9%308,blijft 88930. voor 
de lini F D, waer me de dliehouck D F L drie bekende palen heeft, te weten de 
fijdeF D 88930. denhouckDFL 2.tr, 43 ®, enden houck D LF recht dc:w: 
t'ghegheven: Hier me ghcfoc:ht de fijde DL, wort be:vonden deur het 4- VooI
!lel der platte driehoucken voor t'begheerdc van 4-&1 S. 

5 VOO R B E E L T. 

Ghenomen ten vijfden dat ghevonden moet fijnde.Jini MN.commende 
uyt des wechs 30 trap van t'pUJlt del uytcrftc afwijçlQng D ghctclt, maef want 

. dic:lini 



- 241 -

235 

the angle BGP right by the supposition. When the side BG is sought therewith, 
the required value is found by the 4th proposition of plane triangles to be 4,535. 

2nd EXAMPLE. 
Let it secondly be assumed that the line Hl has to be found, which proceeds 

from 30° of the orbit, taken from the point of the greatest deviation B; but 
because this line is equal to the line which extends from the semi-diameter of 
the orbit EB, from the point H as extremity of the versed sine BH of 30°, let 
us regard EB as the· semi-diameter of the orbit, in which EH shall be the sine 
of 60°, i.e. the complement of the given 30°, said sine making 8,660. This being 
so, I say as follows: When the semi-diameter EB makes 10,000, EH makes 8,660. 
What will EH be when EB is taken 92,308? Then EH becomes 79,939. When 
to this is added EP, making by the supposition 3;378, PH becomes 83,317, so 
that the triangle HFI has three known terms, to wit, the side PH = 83,317, the 
angle HPI = 2°43', and the angle HIP right. When the side Hl is sought there
with, the required value is found by the 4th proposition or plane triangles 1) to 
be 3,949. Then it is obvious that Hl proceeds from 340° of Saturn's orbit, for 
this B in the figure of the 21st proposition is denoted by N, which is situated at 
310° of the orbit by the 23rd proposition; when to this is added the 30°, the 
required value is 340°, as above. 

Now note that such as here has been the method of finding the line Hl 
between E and B, or in the semi-cirde EB, the same it will also be in any place 
in this semi -circle. 

3rd EXAMPLE: 
Let it thirdly be assumed that the line EK has to be found, which proceeds 

from 90° of the orbit, taken from the point of the greatest deviation D. In 
order to come to this, I say that since EP makes 3,378 by the supposition, the 
triangle EPK has three known terms, to wit, PE = 3,378, the angle EPK = 
2°43', and the angle EKP right. When the side EK is sought therewith, the 
required value is found by the 4th proposition of plane triangles to be 160. 
The procedure in the semi-cirde EB having been thus, we shall now do the same 
in the other semi-cirde ED. 

4th EXAMPLE. 
Let it fourthly be assumed that the length of the line DL has to be found, 

which from the greatest Southerly deviation of the orbit D isdropped perpen
dicular to the plane of the ediptic AC. In order to come to this, I say th at the 
semi-diameter of the orbit ED makes 92,308 by the Compilation of the 13th 

. proposition of this 3rd book, and PE 3,378 by the supposition. When the latter 
is subtracted from the 92,308, there is left 88,930 for the line PD, 50 that the 
triangle DPL has three known terms, to wit, the side PD = 88,930, the angle 
DPL = 2°43', and the angle DLP right by the supposition. When the side 
DL is sought therewith, the required value is found by the 4th proposition of 
plane triangles to be 4,215. 

5th EXAMPLE. 
Let it fifthly be assumed that the line MN has tobe found, which proceeds 

from 30° of the orbit, taken from the point of the gr~atest deviation D, 

1) Stevin's Trigonometry (Work XI; i, 12), p. 147. 
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die lini even is ande lini dieder valt uyt des weehs halfmiddellijo, van t'pun t M 
alsuyterftedes houekmaerpijls D M van 30tr. fao laet onsE D an{ien VOOl 

weehs half middellijn, waet in E M fal fijn houckmaet van 60 tr. dats van ,'vie
rendcelrontfehil der ghegeven 30 tr. doende die houekmaer 8660: Dit foo fijn
de kit fegh aldus: Doende de halfmiddellij n E D 10000/00 doet E M 8660, wat 
fal E M doen wefende E D gheftc:lt op 9lj08 ~eomt alfdan VOOI E M 79939. 
daerafghetIOeken EF docndedeurt'ghcgheven 3378, blijftvOOI F M76j61. 
waeI me de driehouek M F N dlie bekende palen heefr , te weten de fijde F M 
76561,den houek MFN ZtI,,,3 0,enden houek M NFreeht : Hier me ghe
foeht de lijdc M N , wort bevonden deur het 4 vooIllel del platte driehoueken 
voor ,'begheerde van 3619. . . 

Merekt nu dat fulcx als hierghewee(\ heeft de manier van (vinden der lini 
M N tulfchen F en D,alfoo falfe ooek lijn tot allen plaetCen tulfchen F en D. 

CS VOO R B E E L T. 

Ghenomen tcn (èftcn dat ghevonden moet fijn de lini 0 P, commende uyt 
des weehs 89 tI. van ,'punt der uytedle afwijckingD ghetelt: Maer want die 
linieven isande Iini dieder valt uytdeswechs halfmiddellijn E D van t'puntO 
als uyterfte des houekmaetpijls DO van 89 u. fao laet ons E D allfien VOOt 
wechs half middellijn ,waer in E 0 fal fij n houekmaet van 1 tr, dats van t'vie
rendeelrontfehil der ghegeven 89 tr. werende die houekmaet van 17S.Dit foo 
fijndeiekfegh doende de halfmiddellijn E D 10000, foodoet EO 17S, wat (al 
EO doen weCende E D ghefte1tOp9z308'1comt alfdan voor EO 16I5,diege. 
troeken van EF doende deult'ghegheven 3378, blijft voor 0 F 1763, waelmc 
dedrichol1ck 0 PF drie bekendepalcnheeft, te weten de fijde F 01763 ,den 
houekO FP 2 U. 43 ® ,enden houckO P Flecht :Hierme gheCochtdefijde 
o P wort bevonden deur het .. voorftd der platte driehoud~en voor l'begeer. 
de van 84. . 

. Merekt noch dat fuIcx als hier gheweeft is de manier van t'vinden der lini 
OP tuifehen E en F. alfoOfalfeoock fijn tot allen plaetfen tuifchen EenF • 

. T' BES L V Y T. Wy hebben dan gevonden de langde der lini die van een ge. 
gevE punt in Saturnuswech reehthouc:kich vair opt plat des duyfteraers,in fulc. 
kc deden al11èr des Eertdootweehs half middellijn lcooodoet, deur wifconfti
ghe wercking ghegrontop ftclJing eens roerenden Eertdools,na den eyfeh. 

VER VO L G H. 

T'Îs kennelick hoe datmen óm de begheerde lini van SatuIDl1S\Vech recht
houekieh op' plat deS duyfteraers met Iiehtkheyt te vinden. fal meughen ma. 
ken een tafel dier linien van trap tot trap, vant verftepunt beginnende, als by 
vootbedt om te hebbëde lini vallende alroo van Saturnusweehs eelften trap, 
iek neem voor my de farm deuJ voorftels ,daer in teyckenende t'punt Q. al. 
foo dat van des wechs vcrftepunt A tot Q 1 tr. beteyckent, w~eI uyt volght 
N Q..!.edoë S I tI. {want de wechlangde van N doet deur bet 23 voorftel3 JO tra 
wiens Iomfehil voor N A sotr. daerioeAQ.!.tr.comt als boven voor N~ 
.s I tI.) daerom alf men deur (\jU4 voorftel vindt de hanghende vandc:n S I tra 
van Bafghetdt (ghelijck vooren mette hangende H I van 30 tr. gedac:n wiert) 
menbec:ft t'begheerde,om datdic lini vallen fal uyt Saturnuswechs I tI. en al
foo"mc:talle ander. " 

Merckt noch dat wanneer defe dinghen niet aldus voorb~eltfcbe wij fe ghe. 
daen en woxdé, maex met eInft om opeen toecommende tij t dade1ick de blee. 

derc 



- 243 -

237 

but because this line is equal to the line which extends from the semi-diameter 
of the orbit, from the point M as extremity of the versed sine DM of 30°, let 
us regard ED as the semi-diameter of the orbit, in which EM shall be the sine 
of 60°, that is of the" complement of the said 30°, said sine making 8,660. This 
being so, I say as follows: When the semi-diameter ED makes 10,000, EM 
makes 8,660. What will EM be when ED is taken 92,308? EM then becomes 
79,939. When from this is subtracted EF, making by the supposition 3,378, there 
is left for FM 76,561, so that the triangle MFN has three known terms, to wit, 
the side FM = 76,561, the angle MFN = 2°43', and the angle MNF right. 
When the side MN is sought therewith, the required value is found by the 4th 
proposition of plane triangles to be 3,629. 

Now note that such as here has been the method of finding the line MN 
between F and D, the same it will also be in any place between F and D. 

6th EXAMPLE. 

Let it sixthly be assumed that the line OP 4as to be found, which proceeds 
from 89° of the orbit, taken from the point of the greatest deviation D. But 
because this line is equal to the line which extends from the semi-diameter of 
the orbit ED, from the point 0 as extremity of the versed sine DO of 89°, let 
us regard ED as the semi-diameter of the orbit, in which EO shall be the sine 
of 1 0, that is of the complement of the given 89°, said sine making 175. This 
being so, I say: When the semi-diameter ED makes 10,000, EO makes 175. 
What will EO be when ED is taken 92,308? EO then becomes 1",615. When this 
is subtracted from EF, making by the supposition 3,378, there is left for OF 1,763, 
50 that the triangle OPF has three known terms, to wit, the side FO = 1,763, 
the angle OFP = 2°43', and the angle OPF right. When the side OP is sought 
therewith, the required value is found by the 4th proposition of plane triangles 
to be 84. 

Note also that such as here has been the method of finding the line OP 
between E and F, the same it will also be in any place between E and F. 

CONCLUSION. We have thus found the length of the line which from a 
given point in Saturn's orbit is dropped perpendicular to the plane of the 
ecliptic, in such parts as the semi-diameter of the Earth's orbit has 10,000, by 
mathematical operation based on the theory of a moving Earth; as required. 

SEQUEL. 

It is obvious that in order easily to find the required line from Saturn's orbit 
perpendicular to the plane of the ecliptic, it is possible to make a table of those 
lines from degree to degree, starting at the apogee. For example, in order to 
have the line thus extending from the first degree of Saturn's orbit, I take before 
me the figure of the 21st proposition and mark therein the point Q such that the 
distance from the orbit's apogee A to Q denotes 1°, from which it follows that 
NQ makes 51° (for the orbital longitude of N by the 23rd proposition makes 
310°, whose difference from 360°, NA, makes 50°; when to this is added 
AQ = 1 0, NQ becomes, as above, 51°). If therefore by this 24th proposition 
the perpendicular at 51 ° is found, taken f rom B (as has been done above for 
the perpendicular Hl at 30°), the required value is obtained, because that line 
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de te vinden, dattet noodich foude fij~ deur dadeIicke ervaring eerll te vinden 
waer nu des wechs verfiepunts fehijnbaer duyficraerIangde is ; Ten andelë hoe 
de duyfleraerrne verloopen mach fij n fiehtent PloltrmtIJ tijt (diens erva ringen 
ick voorbeelt(che wijfeghenomen hebbe om de redenen t'haerder plaels ver
(lacrt) want de Befchrijvers der dachtafeIs nemen al of den loop van Saturnus 
duyfleraerfne. even waer met des wcchs verfiepuntsloop alti;t ja tr. van mal
ca,nder blijvende, maer daer foude nieuwe dadeIiekegaghdlaghen ervaring af 
behooren Ie wefen, want by a!dien den loop des verfiepunlsen des duyfieraer
fnees van Saturnus verfehcyden fijn,ghelijck vande Macn ghebeurt,foomoeht 
fulcx oirraeek wefen waer deur fijn breeden niet dadeliek fao bevonden cn 
wierden, ghelijck rekeninghen der daehtafcls mebrenghen. 

15 VOO R S TEL. 

. Te vinden Saturnus [chijnbaer duyReraerbreede op 
een ghegeven tijt, deur vvifconflighe vvercking gegront 
op ficlIing eens roerend en Eertcloots. 

T'GHEGHEVEN. I.act Saturnus op den gbcgheven tije weren in fijn 
wechs 340 tr.alwaer de lini van hem rechthouekieh Opl plat desduy{leraers 

" doé fal3949 deur het 2. voor. 
beelt des 2.4 voorfteIs defes 
3 boucx : En de "erheye van 
hem tOllen Eertcloot die ge
vanilen wou na de manier 
verclacrI int 6 lidI des 1 j VOOI 
fieIs defes 3 bouex, werende 

daer de lini X V , (y neem ick, van 80000. T' BEG H EER DE. Wy moeten 
hier me vinden Saturnus fehijnbaer duyfieraerbreede. T' BE R E Y T SE L. lek 
teyeken de rechlhouckige driehouck 'A Berecht an B, doende de: tijde A B de 

. ghegheven 3949,en A C 80000. 

T'WERCK. 

De driehouck ABC heefl drie bekende palen, te weten de lijde A B 3949, 
de fijde A C 80000,en den houek B recht:Hier me ghefocht den houd, A C B, 
wort bevonden deur het S voorfie1 der platte dciehoucken voor de beg heerde 
breede van l tr. jO 6). Maer om nu Ie weten of die Zuydcliek of Noordelick is, 
dat wij ft fijn weehlangde, want deurt'vervolgh deS.l3 voorficls blijekt, dat die 
werende tuffchen den 44 Ir. U. (D,ende den lis tr. 48 0. fy is Zuydelick,maa 
inde refides wechs(daer deren 340 Ir. in valt) Noordeliek. Waeraft'bewijs 
openbaer is. T' BESL YY T. Wy hebben dan gevonden Saturnus fchijnbaer 
duyfieraerbreede op een ghegheven tijl, deur wirconilighe wercking ghegront 
(lP fielling eens loeIenden EellcIoolS. naden eyfch. 

MER C K T~ 

. Anghcficn de rcghe1 del fes voorfiellen lot hier toe van Saturnus breede be
fchrc"çn,geu1ccn is over de bIceden van d'ander"vier Dwaelderslupiter;Mars, 
V cnus en Mercurius ,foo en fal kk daer op gheen ghtformde vood\cllen ma· 
ken) ghdijck oock veIhaeh is int Coitbegrijp defes S Onderreheyis, maer he. 

D cl fchrij. 
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will extend from the first degree of Saturn's orbit, and the same with all the 
others. 

Note also that when these things are not done thus by way of example, but 
in earnest, in order to find practically the latitude at future times, it would be 
necessary first t6 find by practical experience where the apparent ecliptical 
longitude of the orbit's apogee is now situated. Secondly, how the line of nodes 
may have shifted since the days of Ptolemy (whose experiences I have taken by 
way of example for the reasons explained in their place), for the Describers of 
the ephemerides all assume the motion of Saturn's line of nodes to be equal to 
that of the orbit's apogee, always remaining500 apart, but this ought to be ascertained 
by new direct observational experience, for if themotion of the' apogee and 
that of Saturn's line of nodes are different, as is the case with the Moon, this 
might be the cause why its latitudes were not found in practice to be such as 
calculations of the ephemerides imply 1). 

25th PROPOSITION. 

To find Saturn's apparent ecliptical latitude at a given time, hy mathematical 
operations based on the theory of a moving Earth. . 

SUPPOSITION. Let Saturn be at the given time at 340° of its orbit, where 
the line dropped perpendicular from it to the plane of the ecliptic shall be 
3,949 by the 2nd example of the 24th proposition of this 3rd book. And the 
distance from it to the Earth, which is found ih the manner explained in the 
6th section of the 15th proposition of this 3rd book, which there is the line XV, 
I assume to be 80,000. WHAT IS REQUIRED. We have to find herewith 
Saturn's apparent ecliptical latitude. PRELIMINARY. I draw the right-angled 
triangle ABC, right-angled in B, the side AB making the said 3,949 and 
AC = 80,000, 

PROCEDURE. 
The triangle ABC has three known terms, to wit, the side AB = 3,949, the 

side AC = 80,000, and the angle B right. When. the angle ACB is sought 
therewith, the required latitude is found by the 5th proposition of plane triangles 
to be 2°50'. But in order to know whether this is Southerly or Northerly, this 
is indicated by its orbital longitude, for by the sequel of the 23rd proposition . 
it appears that when it is between 44°12' and 215°48' 2), it is Southedy, but in 
the rest of the orbit (in which falls this 340°), it is Northerly. The proof of 
which is evident. CONCLUSION. We have thusfound Saturn's apparent 
ecliptical latitude at a given time, by mathematical operations based on the theory 
of a moving Earth; as required. 

NOTE. 

Since the rule of the six propositions described so far for Saturn's latitude is 
common to the latitudes of the other four Planets Jupiter, Mars, Venus, . and 
Mercury, I will not make any illustrated propositions thereon, as has also been 

1) Cf. footnote 3) to p. 279. 
2) The provenanee ofthe longitudes 44oI2' and 2 I 5°411 , is not dear. The values are 

obtained when twice the angle 2°6' is added to 40° and subtracted from 220°. 
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fchrijven alleenelick by manier van vermaen I'gene breedeE veECtating fchijnt . 
tevcreytfchcn) beginnende met Iupiter als volght. . 

NV VAN,IVPITERS 
BREEDE. 

Plo!emell4 heeft dcur dadelicke gagheflaghenervaringhen de gedaenten van 
lupiters brecdeloop alfins bevonden gelijck van Saturnus int voorgaendc ge
feyt is, welckc int befonderdufdanich fijn: 

Ten eedien foo was fijn meeLte breede op de Noordijde van -2. tI. 4 0 ,ghe~ 
beurende altijt als fijn imoots middelpunt fchijnbaerlick was 10 tr. voor fijn 
wechs verflcpunt , te weten onder des duyfieraers 141 tr. en Iupiter an des in
Ionts naefiepunt, maer bUften hetnaefiepuDt wefende,foo was fijn Noorder
Rhe breedc vooi datmael deender , en ten minficn doen hy alfooan het Vet-
fiepuot was. . 

Ten tweeden foo bevanthyop de Zuytfijdede meefte breedcvan 2. tr.8@, 
ghebcurendealtijt alsfijn inroms middelpunt was onder hel teghenoverpunt. 
des bovcfchrevë 141 tr. darsonder dcsduy{ler~ers 32.1 tr. en Jupiter an fijn in
loms naeftepunt : Maer buyten hel naefiepuDt wefende, foo was fijn Zuydcr
frhe breede VOOI datmael decnder , cn ten minfien doen men hem,an het vet-
ftepuDt vandt. ' . . 

Ten derdë wefende het inIonts middelpunt in een der duylleraerfnees twee 
uyterfië,fo bevant hyIupitct,gelijckoock van Saturnus gefeyt is • altij! int plat 
des duylleraers fonder breede,tot wat plaets des infonts hy oock wefen mocht. 

Defpiegeling by Plolunef14 hier op met fielling eens vaflen EcrrcIoots ver
oirdent,is van ghedaenle leenemael gheweeft als die van Saturnus/ukx datret 
onnoodich fchijnt de fel ve hier te verhalen:Ende want de fpiege\ing met fiel
ling eens roerenden Ecrtclools ande voorgaende van Saturnus oock ghelijd: 
is, en daer deur verfiaen won, foo en befebrijfick die niet int langhe. ' 

NV VAN MARS 
BR.EEDE. 

Î'lolemtll4 heeft deur dadelicke gagheOaghen ervarlnghendegedaenten van 
Mars breedeloop allins bevonden ghelijck van Saturnus int voorgaende ghe .. 
~~ . .. . 

Ten eerften foowas lijn meefte breedeop de Noorrfijde van 4tr. 2.l @,gt
beurende altijt als fijn iDIOOts middelpunt wasan fijn wechs verftepunI (het 
welcke deur de Byeenvougingh des 13 voorftels is onder desduyftctaers 1 I 5 Ir. 
30 Q)) en Mars in des inroms naeftepunt, macr buyten het naefiepunr wefen
de,foo was lijn Noorderfche breede voordatmael cleender,en ten minfië doen 
hy alfoo am verftepunt was. 

. Ten tweeden foo bev.am hy op de Zuytlijde de meelle breede van 7 tr. 7 @, 
gebeurende altijt als fijn inronts middelpunt was in fijn wechs naeflepunt on.' 
der het tcghenoverpuDt des bovefchreven I I 5 tr.30 @, dats onder des duyfie .. 
raers %95 tr. 30 ®,en Mar.;an fijn iilroDtS naefiepum:Maer buyten het naefie
punt wefende,foo was fijn Zuyderfche breede voor datmael deender ,en teQ 
minnen doemen hem al foo ant verflepuDt vandr. . . . 
.. Ten derdë wefende het inroDtsmiddelpuntao een der duyfteraerfnees twee 
uyterfien,foo bevant hy MalS, ghelijçk ood van Sall1rnus ghefeyt is, altijt int 

plat 
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said in the Summary of this 5th Chapter, but I will merely mention those things 
which seem to call for a fuller explanation, starting with Jupiter, as follows: 

NOW OF JUPITER'S LATITUDE. 

Ptolemy through direct observational experiences has found the character of 
]upiter's motion in latitude to be in every respect as has been said of Saturn 
in the foregoing, which in particular is as follows. 

Firstly, its greatest latitude on the North side was 2°4', which always occurred 
when its epicycle's centre was apparently at 20° ahead of its orbit's apogee, 
to wit, at 141 ° of the ecliptic, and Jupiter at the epicycle's perigee; but when it 
was outside the perigee, its Northerly latitude was for that case smaller, and 
smallest when it was thus at the apogee. 

Secondly, he found on the South side the greatest latitude of 2°8', which 
always occurred when its epicycle's centre was in the point opposite to the above
mentioned 141°, i.e. at 321° of the ecliptic, and Jupiter was at its epicycle's 
perigee. But when it was outside the perigee, its Southerly latitude was for that 
case smaller; and smallest when at the apogee. 

Thirdly, when the epicycle's centre was in one of the two extremities of the 
line of nodes, he always found Jupiter, as has also been said of Saturn, in the 
plane of the ecliptic without any latitude, no matter in what place of the epicycle 
it might beo 

The theory that Ptolemy based on this, on the assumption of a fixed Earth, 
was entirely of the same character as that of Saturn, so that it seems unnecessary 
to relate it here. And because the theory on the assumption of a moving Earth 
is also equal to the preceding one of Saturn, and is understood therefrom, I shall 
not describe it in full. . 

NOW OF MARS' LATITUDE. 

Ptolemy through direct observational experiences has found the character of 
Mars' motion in latitude to be in every respect as has been said of Saturn in the 
foregoing. 

Firstly, its greatest latitude on the North side was 4°21', which always 
occurred when its epicycle's centre was at its orbit's apogee (which by the 
Compilation of the 13th proposition is at 115°30' of tbe ecliptic), and Mars 
in the epicycle's perigee; but when it was outside the perigee, its Northerly 
latitude was for that case smaller, and smallest when at the apogee. 

Secondly, he found on the South side the greatest latitude of 7°7', which 
always occurred when its epicycle's centre was at its orbit's perigee, the point 
opposite to the above-mentioned 115°30', i.e. at 295°30' of the ecliptic, and 
Mars at its epicycle's perigee. But when it was outside the perigee, its Southerly 
latitude was for that case smaller, and smallest when at the apogee. 

Thirdly, when the epicycle's centre was at one of the two extremities of the 
line of nodes, he always found Mars, as has also been said of Saturn, in the 

. I 
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p1atdes duyiterlers [onder breedc, tot wa! plae!s de~ inronts hy oo~k mocht 
wefen. 

De fpiegheling by }'/olamm hier op met fldlingeens vallen Eertcioots ver
oirdenr,is van ghcdaentt teenemael ghewceft als die van SalUrnuo, lulcx dJ tiet 
onnoodich f(hijnt de lèlve hier IC yerhalen : Ende want de fpiegeling met f1:cl. 
lingr.ens JOerenden Eertdoots, ~nde\'oorgaende van Saturnus oock ghelijCk 
is,cn daerdeur vc:rflaen wort, [00 en bekbrijfick die niet Ü1t langhe: Doch [al 
kk hier verhalen dat in dit wcrck wat co:lheyt valt anders als io dat, deur dien 
Mars uyterfir. brecden an fijn wechs verfiepullt en naeftcpunt ghebcuren, als 
ghereyt is, want ?nghefien de lini tu{l'chen de lèlve twee punten bekent is deur 
de Byeenvouging. des J 3 voorfieIs def~s 3 bOIlCX, alwacr Marswech~ ha1fmid. 
ddlijn llaet op 1.Sl90, wclci<e tweemae) ghel10mell comt "Gor de lCln: lini 
30380, foo en bchouiimcn die niet te foucke.1 na de manier des 21 \oodlels, 
noch oock '11~ int"~ voorftcl de wechJangcie \'~nde twee uyterfie punten del 
afwijcking in Marswech,anghefien de fclve het verLlepunt en nadkrullt fiin. 

NV VAN M ERe V Rl VS 
B REE DE. 

I LID T. 

Inhoudende Plolemeus dadelicke gaghdiaghen ~rva-
ringhen van Mercuriusloop. . 

Om beuqamdicker te verdart: Plo/emenJdadelkke gageflagë ervaringen dc.t 
gedai:te v~ Mercurius breedeloop mette [omme vá !ij!! [piege1ing dler op ver~ 

/ 

A 
--~ /"',. I "" 

F 

c 

oirdent,fo laet ABC de 
inrontwech beteycke· 
nen J di(:llS middelpunt 
is E, dë vaften Eencll10t 
F , deur wekke en oock 
dem E ghetrocken fy de 
liniCF E A, foo dat A 
t'vcrfiepUllt is, Ct' nae· 
fi~pum J en deur F ghe .. 
troc~en wefendet:1e liDi 
B F D rechthouckich op 
AC, 10 bedien de tW~;: 
punten B, D, des weclls 
90 tr. en 270tr. cu hoe· 
wel datfQ veel verfchilt 
als de uytmiddd puntic. 
heyt E F vcroirîac,kt, 
llochtans angefien Pro

lemem de felve twee punten den 90 en 270 noemt, wy [uHenfer voor nemen, 
daer na fyopt punt Dalsmidde!pulit befchreven hetinrollt G H IK.di~ns ver
ftepuDt G, naeilepunt l,en midde1verhcden H, K. tuffchen welcke Vlerp\.ln-
lcn gheteyckent fijn de twee middelliinen I G,H K. . 

Dit aldus wefende,foo heeft l'n·lemem deur dadchtYc .:rvanng l:>evondt'n dat 
MCIcurius mccitc: bICcdt op de zuytfijdc was van .. tI. j CD, ghebcurcndc aJtijt 

Dd 2 al" 
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plane of tbe ecliptic without any latitude, no matter in what place of the epicycle 
it might beo 

The theory that Ptolemy based on this on the assumption of. a fixed Earth 
was entirely of the same ebaracter as that of Saturn, so that it seems unnecessary 
to describe it here. And because the theory on the assumption ofa moving 
Earth is also equal to the preceding one of Saturn, and is understood ·therefrom, 
I shallnot describe it in full. But I will relatethat in this procedure some 
abridgement can be made different from that, becauseMars' greatest latitudes 
occur at its orbit's apogee and perigee, as has been said, for since the line between 
these two points is known by the Compilation of the 13th proposition of this 
3rd book, where the semi-diameter of Mars' orbit is given as 15,190, which, 
when taken twice, gives 30,380 for the said line, it need not be sought af ter 
the manner of the 21st proposition, nor, as in the 23rd proposition, the orbital 
longitudes of the two extremities of the deviation in Mars' orbit, since· these 
are the apogeeand the perigee. 

NOW OF·~RCURY'S LATITUDE. 

lst . SECTION. 

Consisting in .Ptolemy' s practical observational experiences of Mercury' s motion. 

In order to explain more easily Ptolemy' s practical observational experiences of 
the character of Mercury's motion in latitude, togethet with the summary of his 
theory based thereon, let ABC denote the deferent, whose centre is E,. the fixed 
Earth F, through whieb and also through E let there be drawn t~e line CFEA, 
so that A is the apogee, C the perigee, and when through F is drawn the line 
BFD perpendicular to AC, the two points B, D denote 90° and 270° of the orbit, 
and though. this differs as much as amounts to the eccentricity EF, yet since 
Ptolemy caUs these two points 90° and 270°, we sha]l take them thus. Thereafter 
let there be described about the point D as centre the epicycle. GHIK, whose 
apogee is G and perigee I, and points of medium distancê H, K, between which 
four points are drawn the twó diameters IG, HK. 

This being so, Ptolemy found by direct experience that Mercury's greatest 
latitude on the South side was 4°5',. which always occurred when its epicycle's 
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VANDE BREEDELOOP 
'.lIs fijn inronts middelpunt was 90 tr. van fijn wechs verftepunt ,foo wel ter 
eenderalsteranderfijde ,datis foo wel inden 270 rr.an D ,als inden 90anB 
(welcke 90 tr, is onder des duyfteraers l80 tr. gemerckt deur de Byeenvouging 
des 13 voorftels defes 3 boucx, het verfiepuDt onder des duyficraers J 90 tr. is) 
cn Mércuriusin des iDIonts naefiepunt alsan I: Maer buyten het naeftepunt 
werende, foo was fijn zuyderfche brcede voor datmael deender , en tcn min
fien doen hya)fo ant verfiepunt G was. D'oirfacck waerom de bovefchrevca 
breeden evenvalléals het imonts middelpunt is an D ofB, bJijckt inde form, 
om dat de lini van den Eertcloot F tot D , even is ande lini vall F tot B : Want 
<ber uyt volght dattct iDIonts middelpunt an B werende, fijn verftepunt en 
naefiepunt in fuleken ghdlalt uyt den Eendoot F ghefien worden, als wao
lieert an Dis. 

Ten tweedé fo bevant hy op de noortfijde de meeae breede van I tr. 45 0, 
ghebeurende altijt als fijn iDIonts middelpunt was 90tr. vä fijn wechs verfie
punt, foo weI tercenderals ter ander fijde,en Mercurius an fijn iDIonts naefte. 
punt,maer buytcn het naeftepunt werende, foo was fijn noorderrche breede 
,'OOI datmael deender,en ten minfien docmé hem alfoo ant verftepunt vandt. 

2. LID T. 
. . 

Inhoudende Ptolemeiu {piegheling ghetrocken uytde 
voorgaendedadelicke ervaringhen des llidts. 

Anghefien Ptolemem voorgaende ervaringhen , noch breeder eonnen ver
claen worden deur fijn fpieghelinghen die hy daer op vcrdocht heeftloo fal iek 
de fomme van dien hier by voughen als volght. 

Nadien des inrontwechs twee punten die uyt den vallen Eendoot F inde 
meefte breede gheficn worden fijn B en D , foo foude daer uyt volghen dat de 
gbemeene fne van die wech en den duyfteraer, rechthouckich moet eommen 
op B D. ende want Ptoltmtm fieh in aller Dwaelders breedeloopen voorftel
de die te gaen deur den Eerlcloot F, foo foudcvolgens die oirden de lini AF C 
de duyfieraerfne moeten fijn, en daerom het inrontsmiddelpunt wefcnde a1'1 
A ofC ,en Mercurius antinrontsverftc of naefiepunt, foo foudehyuytdcn' 

. Eert doot F moeten gefien worden int plat des duyfteraers fonder breede:Maer 
de ervaring wees hem anders, want hy doë fijn breede altijl bevant va 45 0 na 
t'Zuyden: Sulex dat hy daerom (benevens noch een ander redê daerinden By
,'ough des breedeloops met fielling eens vafien Eertclools af gefeyt fal worden) 
Mercuri~s fpiegheling anders veroirdende als vandedrie bovenfteDwaelders. 
t'wekk aldus tocginck: Hy heeft ghefeyt de lini B D llreckende deur de twee 
punten der uyterfte afwijcking, te wefen deghemeene fne des inrontwechs en 
duyfieraers, teghen de natuerlicke reghel:Maer weerom ter ander fijde gaf den 
inrontwcch en het inront feker drie feer verfierlicke wagghelende roerfels,die 

lJt'IIiatio. 
Dulinatio. 
Rtjleflio. 

ondertèheyts halven ghenoemt worden * afweging, * afwijcking, en * afkee
ring, waer me hy tol fijn voornemen gherocht , waer afick oock van clckint 
befonderverhaeJ faldoen, dat ueckcnde uytdc bcpalinghen'diePN,hathimtot 

DC'IIiatiD. 
defe plaetsvan dit roerfel verftandclick doet. 

Omdan mette * afweging te beginnen,fco is te weren dat PlfJltmtll4 den in
ron twech ghefeyt heeft op B D als as een wagghe1ende roerfd te hebben over
entweer gaendeof waggelende als de bollckeenswaeghs,ghenoemtafweging, 
fillcx dattet inronts middelpunt wefende an B ofD, 100 en itrer gheen afwe-

ging, 
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centre was at 90° from its orbit's apogee, both on one side and on the ather, 
i.e. both at 270° in D and at 90° in B (which 90° is at 280 0 of the ecliptic, 
seeing that by the Compilation of the 13th proposition of this 3rd book the 
apogee is at 190° of the ecliptic), and Mercury was at the epicycle's perigee, 
namely at J. But when it was outside the perigee, its Southerly latitude was for 
that case smaller, and smallest when at the apogee G. The cause why the above
mentioned latitudes are equal when the epicycle's centre is at D or B appears 
from the figure, because the line from the Earth F to D is equal to the line 
from F to B. For from this it follows that when the epicycle's centre is at B, its apogee 
and perigee are seen from the Earth F in the same manner as when it is at D. 

Secondly, he found on the North side the greatest latitude of 1°45:, which 
always occurred when its epicycle's centre was at 90° from its orbit's apogee, 
both on one side and on the other, and Mercury at its epicycle's perigee; but 
when it was outside the perigee, its Northerly latitude was for thaf case smaller, 
and smallest when at the apogee. 

2nd SECTION. 

Consisting in Ptolemy' s theory derived from the foregoing practical experiences 
of the lst section. 

Since Ptolemy' s foregoing experiences can be explained even more fully by 
means of the theories he has conceived thereon, I will here add the summary 
thereof, as follows. 

Since the two points of the deferent which from the fixed Earth F are seen 
at the greatest latitude are Band D, it would follow therefrom that the intersection 
of that deferent and the ecliptic must be perpendicular to BD, and because 
PtolemYI in the case of all the Planets' motions in latitude, imagined them to 
pass through the Earth F, according to this rule the line AFC would have to he 
the line of nodes, and therefore, if the epicycle's centre were at A or C, and 
Mercury at the epicycle's apogee or perigee, it wouldhave to he seen from the 
Earth F in the plane of the ecliptic without any latitude. But experience taught 
him differently, for he then always found its latitude to be 45' towards thé South, 
so that he therefore (apart from another reason, which is to be dealt with in the 
Supplement of the motion in latitude on the assumption of a fixed Earth) framed 
Mercury's theory differently from that of the three upper Planets, in the following 
way, He said that the line BD passing through the two points of the greatest 
deviation was the intersection of the deferent and the ecliptic, contrary to the 
natural rule. But on the other hand again he gave the deferent and the epicycle 
three highly artificial oscillatory motions, which for the sake of distinction are 
called deviation, declination, and deflection 1), with which he achieved his 
intention, of, which I will also give an account for each in particular, taking 

1) The term "deviation" is used here in a more restricted sense than previously, e.g. 
page 75, line 5 and further on; where it was the translation of afwycking in general. The 
name for the second oscillatory motion of Mercury, afwycking, has been translated 
"declination", in accordance with the Latin term in'the margin, though this word has 
,here quite a different meaning from that of the later equatorial co-ordinate, which in 
Dutch books is of ten denoted by the same word. For the corresponding verb, afneyghen 
is sometimes used; this is translated here by "to diverge". For the Latin reflectio, here 
indicating bending back, we have taken "deflection" as the best English equivalent. 
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ging) maer is des wechs heel plat int plat desduyftcraeIs: Daer na het in_ 
rums nliàdelpunt van Bof 0 vcrtreekende, Coo begint den weeh afte weghen. 
ofte neygher. 2ltijt na het ZUydCll • en vermeerdert defe afweging gheduerlick 
tot daact inronts middc:lpunt ghceommenis antverftc:punt A, of naefiepunt 
C, en d,m is de afweging ten grooUlen vande bovcfchreve:14S 0; W dek daer 
na weerom vermindert, tOt dattet inronts middelpunt gbecommen is an B ,of 
1> ,alwae! dan weerom ghecn afweging cn is. En blijckt hiet uyt dattet lOerlèl 
['wdek het inronts middel punt v ande afweging omfangt nummermeer op de 
noortûjde en ghefchiet. .. 

Maer om nu vande * afwijcking te fegghen,foo is te weten dattet plat des in- J)ufmllli6. 

1Cl1tS deur een waggelende roerfelafneyght vam plat ûjnswechsop tweeder- nc. 
ley w ijfe: Ten eerfien met afw ijeking op de middellijn H K,fireckende deu r de 
rnidde1verhed: H, K: Met dit rocr(e! gebeuret dat de middellijns I G verfiepl1nt 
G, op cl'cen ûjde des weehs afwijckt,en t'nacfiepunt I op d'ander. Defe afwijc-
king houdt dufdanige reghei : Wanneer des inronts niiddcJpunt als 0, is an des 
w(cbs verftepunt A,de voorfchre\'ë middellijn 1 G is in t'plat des wechs: Maer 
he~ imonts middelpunt van t'verftepunt A vertreekende, fo begint des inronts 
v'!dlepunt afle wijcÏtl!n na het Zuyden ,ende het naefiepunt na het Noorden. 
weJcke afWijcking geduerlick vermeerdert tOt dat des inroots middelpunt ande 
rniddclverheyt Bgecommen is,eo alfdan gebeurt de middellijns als 1 G meefte 
afwijcking, wekkc dacr nagheduerJkk vermindert. iOI dallet middelpunt des 

. imoms is an des wcchs naefiepunt C, alwaer de voorCchrevë middellijn a Is I G 
wederom geen afwi;t:king en heeft, maeI het inronts middelpunt van ever
tIcckende na de mid:JeJverheyt nJhet verflepumalsG begint aftewi;cken van 
lplat des wechsna het Noorden, en het naefiepunt gtlijck T llahctZllyden,en 
verm-:erdert die afwijcking geduerlick tot dat des imoms middelpunt ant uy_· 
terne D gecommen i5,alwaerdic afwijcking weerom ten groodkn weu. Van 
,daervoort vermindettfe tot datte! inroJlts middelpunt an t'"erilepum A is -.1-
waet gelijck int begin de voodèhrcvé middellijn als IG, weerom int plat des 
wechs is: En daer na volgt weerom d'eerne gr.flalt.vyr t' gene gefeyt is bJijtl: dat 
de~ wechs afweging tégrootfië ûjnde,fo heeft het inront geen afwijcking,maer 
de ·wer.hlonder afweging wefende, dat dä des inIoots ilfwijcking të grootfié is. 

Nu refteI noch de * afkeering;e verclaren welcke dufdanich is: Des inronts Reller!' 
. plat heeft boven de ïloorfchreven waggeling op den as H K,noch een ander op J • I •• 

den as 1 G tulfchen des ioronts veIfiepunt en naefiepunt (ghenouchfaem toe-
. gacncle gelijck de tweederley waggc:ling die het zeecornpas ontfangt. met twee 
afièn op malcandc:r rechthoucki,h commende) deus: weidt roerfd ge~euIt dat .. 
de midddJijnH K het plat des wcchsdeutfnijticde lini I G alsgemeene fue, fo. 
uat des inIOnlS fiinckeIheJft op d'een lijde des inIontwcchs, de rechteI helfi op 
d':lndcr fijd\!afkectt:Defe middellijns afkecring houdt duf danige regel: Wan-
neet desi.nrQDts middelpunt is ande middeivelbcyt D ,foo en heeft de ,'oora 

fchrr.~'en middellijn H K geen afkeering vande wech ABC D ,dan is int plat 
dctfelve: Maer het inronts middelpunt van D vertrcckcn* .n3ltet verlh:punt 
A, foo begin t de middellij ns fiincker hdft H D af te keeten na het Zuyden , de 
ander helft na het Noorden, welcke afkeering geduerJick vermeerdert tot dat-
let inronts middelpunt ànt verfiep:lDt A ghecommen is, alfdan ten grootfien 
weiende. Daer na voortgaende 11a bet ander punt B [00 vermir.dcrtfe weerom 

,tot dalfe;: an gecommen is,alwaerweerom geen aO:eering en ghcfchiet. Matr 
11e:dnroDts middelpunt van die plaets vettreckenJe na het !ladtep!lnt C, fo be
gint o;!e rOOtfchreven mnekeI helft ghclijck H D weerom af te keeren na het 

Dd 3 !'Ioor. 
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this from the description which Pllrbachills gives of this motion in a comprehen
sibie manner in this place. 

To begin with the deviation, it is to be noted that Ptolemy has said that the 
deferent has about BD as axis an oscillatory motion, going to and fro or 
oscillating Iike the beam of a balance, called deviation, 50 that when the 
epicycle's centre is at B or D, there is no deviation, but the entire plane of the 
orbit is in the plane of the ecliptic. Thereafter, when the epicycle's centre 
starts from B or D, the orbit begins to deviate or indine always to the South, and this 
deviation increases continuously until the epicycle's centre has arrived at the 
apogee A or perigee C, and then the deviation is greatest: the above-mentioned 
45'. Thereupon it decreases again until. the epicycle's centre has arrived at 
B or D, where then again there is no deviation. And from this it is apparent 
that the motion which the epicycle's centre receives from the deviation never 
occurs on the North side. 

But to speak now of the dedination, it is to be noted that the plane of 
the epicycle through an oscillatory motion diverges from· the plane of its orbit 
in two ways. Firstly, with dedination about the diameter HK, passing through 
the points of medium distance H, K. With this motion the apogee G of the 
diameter IG diverges on one side of the orbit and the perigee I on the other 
side. This declination observes the following mIe. When the epicycle's centre 
(as in the present case D) is at the orbit's apogee A, the aforesaid diameter IG 
is in the plane of the orbit. But when the epicycle's centre starts from the 
apogee A, the epicycle's apogee beginsto decline towards the South and the 
perigee towards the North, which declination constantly increases until the 
epicycle's centre has arrived at the point of medium di stance B, and then there 
is the greatest declina~ion of the diameter (IC), which thereupon decreases continu
ously until the centre of the epicycle is at the orbit's perigee C, where the aforesaid 
diameter (IG) again has no declination; but when the epicycle's centre starts 
from C towards the point of medium distance. D, the apogee (G) begins to 
decline from the plane of the orbit towards the North, and the perigee (I) 
towards the South, and this declination increases continuously until the epicycle's 
centre has arrived at the extremity D, where this declination again becomes 
greatest. From this point onwards it decreases until the epicycle' s centre is at the 
apogee A, where, just as in the beginning, the aforesaid diameter (IG) is again 
in the plane of the orbit. And this is followed again by the first situation. 
From what has been said it appears that when the orbit's deviation is greatest, the 
epicycle has no declination, but when the orbit is without deviation, then the 
epicycle's declination is greatest. 

Now it still remains to explain the deflection, which is as follows. The 
epicycle's plane has, in addition to the aforesaid oscillation about the axis HK, 
yet another oscillation about the axis IG between the epicycle's apogee and 
perigee (which proceeds substantially like the two kinds of oscillation which 
the mariner's compass receives, with two axes at right angles to one another), 
in consequence of which motion the diameter HK intersects the plane of the 
orbit in the line IG as intersection, 50 that the epicyde's left half deflects on one 
side of the deferent, the right half on the other side. This deflection of 
the diameter observes the following mie. When the epicycle's centre is at 
the point of medium distance D, the aforesaid diameter HK has no other 
deflection from the orbit ABCD than that which is in the plane of the latter. 
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Noorden, en vermeerdert alfoo tot d:ufe ant naeilepunt Cis; alwaermcnfe dan 
weerom ten grootften l?evint : Van daeI vermindertre geduellick tot dattet in
ronts middelpunt comt an d'ander middelverheyt D , alwaer weerom geen af. 
keering enis,en alrdan begint weerom de voorgaende geftalt. Hier uyt is ken~ 
nclick dat ter plaetsdes irirontwechsdaer het iDIOot geen afwijcking en heefi. 
tijn meefte afkeering te ghebeuren. 

3 LID T.· 
Inhoudende vercIaringvaMercurius breedeloop met 

fielling eens roerenden Eertcloors. . . 
Hier vooren befchreven fij nde het llidt inhoudende P/fJ!emell4 dadelicke el

varingen (waeI by tot breeder verclaring noch vervought wiert het zlidt van 
fijn fpiegeling) men foude deur vervouging der felve ervaring op fieIling eens 
roerenden Ee.rtc1oots volgens de \'oorgaende gemcene regel tottel begheerde 
commen, nochtansangefien de form vande onderfie Dwaelders binnen den 
Eèrtclootwech loopende, wat anders valt als vande bovenfie, en dat Mercurius 
wech nieldeur des Eertc100twechs middelpunt en firea, t'weIck voor de fom. 
mige verclaring mocht vereytfchen,foo fal ickerwat affeggen. Laet ABC D 

A 

'0 

o 
~""N;"'--"-'--' "':t 

L-=-.· ~ - ~l" .... Q<:::::::J. ... : ........... , .............. ~> .... - . 
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But when the epicycle's centre starts from D towards the apogee A, the left half 
of the diameter HD begins to deflect towards the South, the other half towards 
the North, which deflection increases continuously until the epicycle's centre has 
arrived at ·the apogee A, when it is greatest. Thereupon proceeding towards the 
other point B, it decreases again until it has arrived there, where again there is no 
deflection. But when the epicycle's centre starts from that pi ace towards the 
perigee C, the aforesaid left half (HD) begins to deflect towards the North 
again, and thus increases until it is at the perigee C, where it is then again found 
greatest. From there onwards it decreases continuously until the epicycle's centre 
arrives at the other point of medium distance D, where again there is no 
deflection, and then the preceding situation occurs again. From this it is obvious 
that at the place of the deferent where the epicycle has no declination its greatest 
deflection occurs. 

3rd SECTION. 

Consisting in the explanation of Mercury's motion in latitude on the assumption 
of a moving Earth. 

Since above has been described the lst section consisting of Ptolemy's 
practical experiences (to which, for a fuIler explanation, was also 
added the 2nd section of his theory), by applying this experience to the 
assumption of a moving Earth one might according to the preceding 
common mIe arrive at what is required. Nevertheless, since the figure 
of the orbits of the lower Planets within the Earth' s orbit is somewhat 
different from that of the upper Planets, and since Mercury's orbit does 
not pass through the centre of the Earth's orbit, which for some might 
require an explanation, I will say something about it. Let ABCD denote 
the Earth's orbit, whose cent re is E, the centre of Mercury's orbit F, about 
which has been described its orbit GHIK; when therafter through E and 
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aen Eertc100twech beteyekenen,diens middelpunt E,Mercuriuswechs middel
purlt F, waerop befchr(;vell is !ljn wc:ch G HIK, dacr na deur Een-F ghelro::
ken de middellijn A C,en deur t'pun: E de lini B D rech:houckich op A C,foo 
is I t 'pum verft van àes E(Hc!ool\vechs middelpunt E, en G het n2cll~punr: 
VCOlt anghdien Pt()l~m(1.IJ bevonden heef( dal Mercurius meelk breeden al
tijtgebeurden als hel inroDls middelpunt was by de middelverhedc:n, fovolghc 
daer Ujt met fieHing eens roerendë Eert.:looI5, dat de feJ\'e meclte brcedé ailijt 
geficn worden als Mercurius isau fijn wechs middeJ\'etheden B ~n K, en den 
Eencloot :m B ofD:Nud;m Hen K wcfende detweepumé wekke in MUlO

riuswech de grootfic afwijcking crijgé diemë uyt den Eertclootwech fien cao, 
foofeggen wy dier twee platten gcmcene fn~ te moelen commen reeh!hOllc. 
ki eh op B D,datsin G l,oîevewijdich mette felve,en niet in H K gc);jc~ Ptoir:
mefl~ die ftc:lt;Maer om nu :e vindé wael de felve duyfieraerfne valr,mclrg:ldcts 
Mercuriuswechs afwijcking van !'plat desduyfieraers, ghclijck van SatUrnus 
int ,31 en.22. voorfie1ghedacn wiert > lek fouek voor al de langde der Iini H K, 
tot dien eynde aldus fegghendc: : De driel~ouck E K F heeft drie bekende palen, 
te welé Mercuriu5wechshalfmiddcllijn F K 357~,en de uytmiddeJpumkheyt
lijn EF 947 deur de Bytenvougingdes 13 voorflels defes 3 boucx,en dé houck 
KEF recht: I-licr me gefocht de fijde E' K, wort bevonden deut het 

j voorfid der platte driehoucken \'an 3444. 
Dacrloe nochfoovecl voor E K,ccmtvoorde begheerde H K 681!8. 
Eo van ED JOCOO, ghcrroeken EK 3444 eerfie in d'oirden. blijft 

voordel\niK D"ooek me voor HB 6jj6. 
Dit aldus bekent lIjnde ick teyeken een ander form aIsgedaen wiert 

met SaruICus intl,2 vooritel, treekende ten eerl.kn L 1.1 als Eert. 
cloolwech overcant ghefien,even an B D 2.0000, en ficl int mjd~ 
del van L M !'punt N als Eertc100lwechs middelpunt, ick treek 
daer na de Jjr.i 0 Pvan6888 even an H K tweede in d'oirden ,en 
fniende L Min Q,àaer na L 0 evé met H B 6S.s 6 derde in d'oir
den, fgelijcx MP even met K D,dats oock doende 6556,en fegh 
den houck OLQ..!,e doen Itr, 45 <9 ,cnP M~tr, j CD \'01-

ghensd'ervaringint llidt; Dit foo werende de cruyl\"ierhouck 
LO M P heeft vijfbekendepalen,teweté L M2occo,LO 6S~6, 
M P6556, den houckO LQ~}l', 4,S 0 ,en den houck P MQ 
4 1I. j CD deur t'ghegheven. Merckt noch dat benevens de bo
vefchrevé vijfpalen tot meerder gerief bekent fijn drie ander, te 
weté 0 P 6888,P L I 3444 als even genouch tijnde met 0 P 6881 
en 0 L 6 H 6 t'famen, voort 0 M doende oock foo vee\;Hier me 
ghefochtdell hou,k O~, won bcvond:n deur het 6 voorftd 
iude B yvough der platte veelhoueken voor Mereuriuswechs be-
gheerdcafwiickingvanècnduyfteraer stro 3~CD; 

:Endc:lini Q!1van 1I364 , waet afghetrocken MN 10000, blijfi -
"oor de lini vande duyficraerfne Q..!9tten Eertclootwa:hs mid. 
delpunt N. 1364, 

Tot hier toe is he fchreven t'ghcne ichan Mercurius in t btfonder verc1aren 
. wilde, Be1anghcnde ander byvallen als inde fes voorfielleo van Saturnus bree
de befchreven fijn,die houden wy als voor ghcmcene I~hel over Mereluius 
(nd'ander Dwaclders te verfireclten. 

f.113aende ovclcencomminghen cn verfehil defet !telling van Mercurius 
Dd 4 brce .. 
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F is drawn the diameter AC, and through the point E the line BD 
perpendicular to AC, I is the point furthest from the centre of the 
Earth's orbit E, and G is the nearest point. Further, since Ptolemy 
found that Mercury's greatest latitudes always occurred when the 
epicycle's centre was at the points of medium distance, it follows there
from on the assumption of a moving Earth that these greatest latitudes 
are always seen when Mercury is at its orbit's points of medium distance 
Hand K, and the Earth at B or D. Hand K now being the two points 
which in Mercury's orbit receive the greatest deviation that can be seen 
from the Earth's orbit, we say that the intersection of these two planes 
must be perpendicular to BD, i.e. in GI, or parallel thereto, and not in 
HK, as Ptolemy assumes. But in order now to find where this line 
of nodes falIs, as also the deviation of Mercury's orbit from the plane 
of the ecliptic, as was done with Saturn in the 21st and 22nd 
propositions, I seek first of all the length of the line HK, saying to this 
end as follows. The triangle EKF has three known terms, to wit, the 
semi-diameter of Mercury's orbit FK = 3,572, and the line of eccentricity 
EF = 947 by the Compilation of the 13th proposition of this 3rd 
book, and the angle KEF right; when the side EK is sought therewith, 
this is found by the 5th proposition of plane triangles to be 3,444 

When to this is added the same value for EK, the required HK 
becomes 6,888 

And when from ED = 10,000 is subtractedEK = 3,444 (the first 
in the present list), there is left for the line KD, and also for HB, 6,556 

This being known, I draw another figure, as was done with Saturn 
in the 22nd proposition, first drawing LM as theEarth's orbit, seen 
transverse1y, equal to BD = 20,000, and I mark in the middle of LM 
the point N, as centre of the Earth's orbit; I then draw the line OP 
of 6,888 equal to HK (the second in the list) and intersecting LM in 
Q, then LO equal to HB = 6,556 (the third in the list), also MP 
equal to KD, i.e. also making 6,556, and I say that the angle OLQ 
makes 1 °45', and PMQ 4°5', according to the experience in the Ist 
section. This being so, the crossed quadrilateral LOMP has five known 
terms, to wit, LM = 20,000, La = 6,556, MP = 6,556, the angle 
OLQ = 1 °45', and the angle PMQ = 4°5' by the supposition. Note 
also that besides the above-mentioned five terms for greater convenience 
three more are known, to wit, OP = 6,888, PL = 13,444 as being 
substantially equal to OP = 6,888 and OL = 6,556 together, further 
OM having the same value. When the angle OQL issought therewith, 
by the 6th proposition in the Supplement of plane polygons 1) the required 
deviation of Mercury's orbit from the ecliptic is found to be 5°32' 

And when from the line QM of 11,364 issubtracted MN = 10,000, 
there is left for the line from the line of nodes Q to the centre of 
the Earth's orbit N 1,364 

Up to this point has been described what I wished to explain in particuIar 
for Mercury. As to other cases, such as have been described in the six propositions 

1) See p. 18g, note I. 
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3 16 VANDE BaEEDE'LOOP DER. DVVAELD. 
breedcloop met die van Ptolnnett4. daer arfa! ghefcyt worden inden volgenden 
Byvough des breedcloops mei ftelling eens vallen Eerlcloots. 

NV VAN VBNVS 
BREEDE. 

PI()kmttt4 heeft deur dade1ïcke gagheflaghen ervaringhen deghedaen~ 
ten van Venus breedcloop alfins bevonden ghelijck van Mercurius int voor
gaen« ghefeyt is, welcke int befonder dufdanich fijn. 

TeneerOen foo was baer meelle breedeop de noortfijde van 6 tr. :u 0. ge· 
,beurende altijt als haer inroms middelpunt was 90 tr. van fijn wechs verae
punt foo wel ter eender als terander fijde. dat is foowel inden 270 tr. als inden 
90 (wekke 90 tr. is onder des duyfieraers 145 tr. ghemerckt deur de Byeenvoq· 
gingdeSJ3Voodlelsdefes 3 bouo het verftepuDt onder des duyfteraers.H tE. 
is) en Venus in des inIonts naeftepunt: Maer buyten het naeftepuDt wefcn
de. foo was heur n09rdctfche brecde voor darmael decnder, en ten minllen 
doen ft alfoo an t verftepunt was. 

Ten tWeeden foo bevant hyop de zuytlijde de meene breede van 1 tr. a ®, 
gbebeurende altijt als heur inronts middelpunt was 90 tr. van fijn wechs ver
fiepunt töo wel tcr eender als ter ander lijde. en Venus an haer inronts naefte
punt. maer buyten het naeftepunt wefende, foo was haer zuyderfche brecdC 
voor darmael clecndcr,en ten minllen docnmenfe alfoo ant verftepunt vandt. 

De fpiegheling by PI()kmtfIJ hierop met fleJling eens vallen Eettc100ts ver. 
oirdent is met baer afweging. afwijcking, afkcering, en ander ghedaente • tee
nemael gheweefl als die van Mercurius. fula dattet onnoodich fchijn t de felve 
alhier te verbalen: Ende want de fpiegeling met ftelling eens roerenden Eert. 
doots ande voorgaende -van Saturnus en Mercurius oock gbelijck is , en daCl 
deur verllacnwort,foo en befchrijfick die niet int langhe • 

. Angaende overeencommingben en verfchiJ defer ftelJing van Ven us brec.' 
dcloop met die van Pt()/eme1l4 • daer af fal gbefeyt ,worden inden volghenden 
ByvoughdcsbIeedcloops met Llelling ecm VaftCD EcItdoolS. 

f~,~ 
" 
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of Saturn's latitude, we assurne that these apply as a common mIe to Mercury 
and the other Planets. 

As regards the correspondences and difference of this theory of Mercury's 
motion in latitude and that of Ptolemy, these are to be discussed in the subsequent 
Supplement of the motion in latitude on the assumption of a fixed Earth . 

. NOW OF VENUS' LATITUDE. 

Ptolemy through practical observational experiences has found the character 
of Venus' motion in latitude to be in every respect as has been said of Mercury 
in the foregoing, which in particular is· as follows. 

Firstly, its greatest latitude on the North side was 6°22', which always 
occurred when its epicycle's centre was at 90° from its orbit's apogee, both on 
one side and On the other, i.e. both at 270° and at 90° (which 90° is at 
145° of the ecliptic, seeing that by the Compilation of the 13th proposition 
of this 3rd book the apogee is at SSo of the ecliptic), and Venus was at the 
epicycle's perigee. But wh en it was outside the perigee, its. Northerly latitude 

. was for that case smaller, and smallest when at the apogee. 
Secondly, he found on the South si de the greatest latitude to be 1 °2', which 

always occurred when its epicycle's cent re was at 90° from its· orbit's apogee, 
both on one side and on the other, and Venus was at its epicycle's perigee; but. 
when it was outside the perigee, its Southerly latitude was for that' case smaller, 
and smallest when at the apogee. 

The theory that Ptolemy on the assumption of a fixed Earth based thereon was, 
with . its deviation, declination, deflection, and other properties, altogether the 
same as that of Mercury, so that it seems unnecessary here to describe it. And 
because the theory on the assumption of a moving Earth is also equal to the 
preceding one of Saturn and Mercury, and is understood therefrom, I will not 
describe it in fuil. 

As regards the correspondences and difference of this theory of Venus' motion 
in latitude and that of Ptolemy, these are to be discussed in the subsequent Supplement 

. of the motion in latitude on the assumption of a fixed Earth. 
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DES BREEDELOOPS 
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Mercurius" ghegront op ReUing 
eens v~flen Eertcloots. 
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C 0 R T BEG R Y P D E" 
S E S B Y V 0 V G HS. 

r::::~;r:';;;;1 :J.(.!J9 rvoorflel des J boucx u ghefeyt ,gheric"pigher tefiin re· 
~ninghenrvande!A,ngdeloop der 'DVl'aelders te ma~en op de 
oneyghen fteUing eens rvailen Eerte/oots , dan op de, rygen eens 

c::::=~~ roerend en, etJ dien rvolghens [oudcmen om de fel-ve reden meu· 
ghen fegghen derghelijck! met fteUing eens rvafien Eertcloots oock..oirboirder 
te /ijn rvtttJde breedeloop. en dat daerom de 'I1atuerlick! oir den [oude 
rvereyJfchen defen By'vough niet hier, maer int rtJ17eede boucftmet jleUing 
eens rvaflen Eertcloots behooren rvet'Pought terv"Pefèn,ghelijck.. mette c?I1a
nens breedeloop daer ghedaen is. Om hierop te ttnt1717oorden,[oo IJ te rv-ve· 
ten dat nadien grondclick! k!nnt4 defes handelsghetrock.rn rv170rt UJ't de 
breedeloop meiJltlling eens roerenden Eertcloots ,rv"Pelck! alfdoen noch niet 
hefchre-ven,en rv"PdS, noch rvolghens mijn <"tI(J()rghenomen oirden beflbrt"Pen 
en moeR "Vllefen,foo en r:()nde dit daer niet bequamelic","commen: Mae; de 

jèt-ve breede!oop nu int dérde boucft rverclaert fijnde, [00 connen rv17y dïier 
"yt treck!n t'gbene de b.,.eed~/oop Inet JleUing eens rvaflen EertclOots rver ... 
CJfèht, en dacrom heb ic~ die hi,rbefèhrCllen. '. . 

'ITlfllremata. 7>efel17e fal [esrvoorfieUen hebben~ rv17efende ti' eerJlervier *rvertoo .. 
PrtblttlJalIl. ghen, de fttetflet-v-vee"* rU17ercftfluc/e.!n, te rvllCten.: . 

Het irvoorflel,dat de ronden dert"V"Veeonderfle?)"P"PaeldersVet111J en 
MercurjUJ die byde jlelderJ eensrvttflenEertc!ootsinrorJtdrdgers genoemt 
rv't1ordé, inrondé fiin,enlgène [y Inrond'é heeteb,inrontdragers tervllefen. 

Het ~,dattetplat des ;nronts derrvijf'D1717delders SaturnUJ,Iupiter, 
Mars, V mus en & ercur;UJ met fleUing eensrvdften Eerttloots,altijt efle· 
-v17ijdidJ ;s mettet p/dt des duy§leraers. _ 

Hit J, datrvllefende t-VllCe t"Pen en c"pt"P"Vijdege rol1den ;het een 'hooger a!IJ 
ander,de tini tujchen het midde~unt'Vant leeghjle, en een punt inden 0111-

trec~ rvant hoogUie, e-ven en e'tJe1717tjdege te fijn mette !ini tuJfchen /ijn lijc •. 
flandicb tegenO"Verpunt int leegbfle,en het middelpuntrvant hooghjle. 

Het 4- ~ dat de ~17"(Jaeldm met fieU;ng eens rvaflen Eertcloots de feItJe 
flhijnbaer duyfleraerbreede o71tJangen,diefe hebben met JleUing eens roeren· 
den Eertclaou. 

Het f ,<Vl7efen de gege't1en eens ~yPaelder s meejle noor derfche en "uy
derfche breede, te 'Vind'é flin rv"Vechs af17lJijckjng rvanden duyjliraer: Ooc~ 
mede hoerverre de duyfleraerfoe rvanden Eertclootrvalt , deur rv17ifcon
fl~he ruverckjngghegront op jleliJng eens rvajlen Eertcloots. 

Het 6, om te rvind'é eens 'D't1"(Jaelders fcbijnbaer duyJleraerbreede op ee1J 
gege-v'é tij t, deurrv't1ifcOjligerv 't1erck,jnggegrot op jleUing ees 17aR'éEertcloots. 
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SUMMARY OF THIS SUPPLEMENT. 

In the 19th proposition of the 3rd book it has been said that it is more 
convenient to make calculations of the motion in longitude of the Planets on 
the untrue theory of a fixed Earth than on the true theory of a moving Earth; 
consequently it might be said for the same reason that similar calculations on 
the theory of a fixed Earth are also more suitable for the motion in latitude, and 
that therefore the naturalorder woulà require that this Supplement should not 
be added here, but in the second baak, based on the theory of a fixed. Earth, 
as has been done there with the motion in latitude of the Moon. In order to 
answer this argument, it is to be noted that since thorough knowledge of this 
subject is derived from the motion in latitude on the theory of a moving Earth, 
which had not yet been described at that moment, nor should have been described 
according to the sequence planned by me, this could not be properly inserted 
there. But now that this motion in latitude has been explained in the third book, 
we can derive therefrom what is required for the motion in latitude on the 
theory of a fixed Earth, and that is why I have described it here. 

The Supplement is to c~mprise six propositions, the first four being theorems 
and the last two being practical problems, to wit: 

The lst proposition, that the circles of the two lower Planets Venus and 
Mercury, which are called deferents by those who hold the theory of a fixed 
Earth, are epicycles, and what they call epicycles are deferents. 

The 2nd, that the planes of the epicycles of the five Planets Saturn, Jupiter, 
Mars, Venus, and Mercury on the theory of a fixed Earth are always parallel to 
the plane of the ecliptic. 

The 3rd, that when there are two equal and parallel circles, one higher than 
the other, the line between the centre of the lower one and a point on the 
circumference of the higher one is equal and parallel to the line between rts 
homologous opposite point in the lower one and the centre of the higher one. 

The 4th, that on the theory of a fixed Earth· the Planets acquire the same 
apparent ecliptical latitude that they have on the theory of a moving Earth. 

The 5th, given a Planet's greatest northerly and southerly latitudes, to find 
its deferent's deviation from the ecliptic; also how far the line of nodes is from 
the Earth, by mathematical operations based on the theory of a fixed Earth. 

The 6th, t~. find a Planet's apparentecliptical latitude at a given time, by 
. mathematical operations based on the theory ofa fixed Earth. 
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V ER T 0 0 eH. IVOORSTEL. 

De ronden der tvvee onderfle Dvvac1ders Venus en 
Mercurius die hy de fielders eens vaften Eertcloots ghe
noemt vvorden * inron rdragers, fijn in ronden: En t'ge- D.r"'ms 
ne fy in ronden heeten, fijn in ron tdraghers. tti",lorMI~ 

T'is deur kennis der voorgaende ftelling eens roerenden Eertcloots open
baer, dat de inronden der drie bovenlle Dwaclders met Helling eens vallen 
Eertcloots niet int wefen en beftaen , dan verliert worden even te fijn anden 
Eertcloolwcch, maer t'gaet anders toe mette Iwee onderlle, wam t'ghene men 
Venus of Mercurius inront noemt, en is niet verliert noch even anden Eert
clootwech J dan om eyghemlick te (preken het is hun wech_feJf dan fy dade
lick in loopen,en in ftelling eens vafien Eertdoots, volghens d'oirden der drie 
boven{}e ,inrontwech behoolt te heet en : En daerom alfmendevoorgaende 
regel der langdcloop vande bovenfte met ftelling eens vaften Eertclools, (ou
de willen ghemeen hebben over de twee onderfie,men [oude daer moelen op 
de [dve wijfe (preken,te weten imontwech noemen het dcenfte dat eyghent
lick inrontwech is, en inront het grootftc dat verliert wort even anden Eert
c1ootwecb, want daer me dan ghedaen als mette bovenfte, de reghel fal ghe
meen fijn. Maerom van (ukke fielling noch c1aerder tefpreken ick (eghal
dus: Angelien yder Dwadders inront even is anden Ecrrclootwech, foo moe
tenfe met malcander al evegroot fijn, waer uyt wijder volght , dat de weghen 
vande leegher DwaeJdcrs leghen hacI inronden vedeken, minder [uIlen fijn 
dan dewcghen vande hoogher Dwa:lders. 

Laet totvoOlbeelt in defe ecrfie volghende form op A als middelpunt, be. 
fchrevé worden het rondt B C als Saturnus inroDlswech, diens halfmiddellijn 
A B doet deur de Byeenvouging des 13 voorfiels vam 3 bouck 92308, en op B 
als middelpunt, het inrandt diens half middellijn D Beven an den Eertelooe_ 
wech diens half middellijn doet 10000. 

Ten tweeden fyop A als middelpunt, befchreven het rondt E F als Iupiters 
inrontswech, diens halfmiddeIIijn A E. doet deur de Byeenvouging des 13 
voorftels 52174. en op E als middelpunt het iDIOot diens halfmiddeJlijn EG 
10000. 

Ten derden Cy op A als middelpunt befchreven het rondt H I als Mars in
Iontswech, diens halfmiddeIlijn A H doet deur de ByeeD\'ouging des 13 voor
fiels 15 J 90,en op Hals middelpunt het inront diës h~lfmiddellijn H K 10000. 

Ten vierden fy op L als middelpunt, beCchreven het ronde M N als Venus 
inrontswech ,diens halfmiddelIijn M L doet deur de Byeenvouging des IJ 
VOO!ftels 719,,,, en op M als middelpuntbet inrant, diens half middellijn M 0 
Joooo,welck inront in hem heeft des inrontwechs middelpunt L ,anders dan 
een der ~rie voorga ende formen : Doch is kennelick dat de regheJ des langde-
loops voor alle vier ghemeenmoet fijn. . 

Ten vijfden (y op P als middelpunt beCchreven het rondt ~ als Metro .. 
lius inrontswech. diens halfmiddellijll l? Qjoet deur de Byeenvouging des 
13 vöorfiels 3 572.en op Q als middelpunt het inront,diens half middellijn Q S 
10000,: welck inront in hem heeft den heden inrontwcch Q.!t • anders dan in 
cen der vier voorgaende formen , doch is kcnnelià dat de leghel des langde .. 

loops 
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THEOREM lst PROPOSITION. 

The circles of the two lower Planets Venus and Mercury, which are called 
deferents by those who hold the theory of a fixed Earth, are epicycles; and 
what they call epicyc1es are deferents. 

It is evident from a knowledge of the foregoing theory of a moving Earth 
that the epicyc1es of the three upper Planets on the theory of a fixed Earth do 
not really exist, but are imagined to be equal to the Earth's orbit; but matters 
are different with the two lower Planets, for what is called Venus' or Mercury's 
epicycle is neither imagined nor really equal to the Earth's orbit; but, accurately 
speaking, it is their orbits themselves in which they move in actual practice, 
and which, on the theory of a fixed Earth, according to the arrangement of the 
three upper Planets, ought to be called deferents. Therefore, if the foregoing 
rule about the motion in longitude of the upper Plan ets on the theory of a fixed 
Earth should be desired to apply also to the two lower Planets, it would be 
neeessary to speak there in the sa.t)1e way, to wit, eall deferent the smallest, whieh 
really is a deferent, and epicycle the largest, which is imagined tci be equal to 
the Earth's orbit, for if these are then dealt with in the same way as the upper 
Planets, the rule will apply generally. But to speak even more clearly of this 
theory, I say as follows: Sinee the epicycle of eaeh Planet is equal to the 
Earth's orbit, they must all be equal to one another, from whieh it follows 
further that the orbits of the lower Planets, when compared with their epicycles, 
will be smaller than the orbits of the upper Planets. 

By way of example, in this first subsequent figure let there be deseribed about 
A as èentre the circle Be as Saturn's deferent, whose semi-diameter AB by the 
Compilation of the 13th proposition of the 3rd book 1) makes 92,308, and about B 
as centre the epicycle, whose semi-diameter DB, equal to the semi-diameter of the 
Earth's orbit, makes 10,000. 

Secondly, Iet there be described about A as centre the circ1e EF as ]upiter's 
deferent, whose semi-diameter AB by the Compilation of the 13th proposition makes 
52,174, and about Bas eentre the epicyc1e, whose semi-diameter EG makes 10,000. 

Thirdly, let there be described about A as centre the circle Hl as Mars' deferent, 
whose semi-diameter AH by the Compilation of the 13th proposition makes 15,190, 
and about H as eentre the epieycle, whose semi-diameter HK makes 10,000. 

Fourthly, let there be described about L as centre the circle MN as Venus' 
deferent, whose semi-diameter ML by the Compilation of the 13th proposition makes 
7,194, and about M as eentre the epicyèle, whose semi-diameter MOmakes 10,000, 
which epicycle has within it the deferent's cent re L, unlike anyone of the three 
foregoing figures. It is obvious that the rule of the motion in longitude must 
be the same for all four Planets in common. 

Fifthly, let there be described about P as centre the circle QR as Mercury's 
deferent, whose semi-diameter PQ by the Compilation of the 13th proposition makes 
3,572, and about Q as eentre the epicyc1e, whose semi-diameter QS makes 10,000, 
which epicycle has within it the entire deferent QR, unlike anyone of the four 
foregoing figures. It is obvious that the rule of the motion in longitude must be 

1) See p. 173. 
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loops voor alle vijf gemeen moet lijn, fonder de \'Crkeerde harpeJing te vallen 
diemen t)l)tmoct anders doende. Dit oude mitbruyck beeft fijn bekendè oir
facek, want tewijle d'eedle ondcrfouckcrs des Hemelloops gheen kennis en 
hadden vande gbcdaente des roerenden Eertclools, foo en conden fy met be
ter f~h[ijven dan van t'ghcne voor bemlienuyterlick fcheen te weren. Noch 
is oock te anmcrckci1 datde regel desbrcedcloops(foo wel als des Jangdeloops) 
~ct tldJiDg eens vatten ECEldoots, hier deur over allen ghem"n is ghelijck 

intvol~ 
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the same for all five Planets in common, without the occurrence of the tangie, 
due to inversion, which we meet with if we do otherwise. Thisancient abuse 
has a well-known cause, for since the first investigators of the Heavenly Motions 
were not acquainted with the character of the moving Earth, they could merely 
describe things as they appeared to them. It is also to be noted that the mie 
of the motion in latitude (as 'Yell as of the motion in longitude) on the theory 
of a fixed Earth is thus common to all, as will become apparent in the sequel. 
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DER. . Dvv A EL DER. s. 
int volgbende blijeken fal. T']I E S L V Y T. De rondendan der twee onderfic 
Dwaclders Venus en Mercurius die by de fielders eens vaften Eertcloots gbc. 
noemt worden inrontdragers, fijn inronden: En t'ghenefy intanden bceten, 
fijn inrontdraghers, t'welckwy bewijfen moeften. 

VER T 0 0 C H. ~ VOO R S TEL 
Het plat des inronts der vijf Dvvaelders Saturnus, 

lupirer,Mars, Venus en Mercurius, ismet ftellingeens 
vallen Eertdootsaltijt evevvijdich mettet plat-desduy
fieraers. 

Voor al angheûen het inron t verûen is evegroot metten Eertclootwech, en 
dat den Dwaelder daer in ghenomen wort een langdeloop te hebben even en 
ghelijçk mette langdeloop des Eertcloots in haer wech , (00 volght daer ghc.. 
nouchlàem uyt defer twee ronden evewijdicheyt behooren toegelaten te wor
den,ghemerckt diltter anders gheen voJcommen ghelijcke langdeloop fijn en 
foude, nochtans anghefien de feh'e evewijdicheyt uyt het voorgaçnde can be
wefen worden, foo fal ick die befchrijven als volght : lek verkies hier toe de 
farm des IS voorftcls vanq bouek, wa cr meick aldus fegh: Ten eerllen foois 
deur de ghcmeene reghel bcfchreven int 2.7. voorficl des 3 bouc.x , bekent hoe 
groot dat moet fijn de breede van Mars terplaets des punls N ghefiell uyt den 
toerendel1 Eertdoot 0 ,maer foo groot die daer weren moet, even foo groot 
moct Mars brccdc ooek fij n ter plaets van I met fielJing eens vallen Eertcloots, 
datsghefien uy! A: Ende want A I even is met 0 N, foo volght daer uy! dat de 
lini van I rechthouckich opt plat desduyfieraers even moet lijn 3nde lini van 
N rechthouèkich opt plat des duyfieraers.Ten tweedé fegh ick,dat wo lanckals 
is de lini van N tot Opt plat des duyfieraers geGen uyt den roerenden Eertcloot 
an p,roo lanck moet oock fijn de lini van F tot opt plat des duyfieraetsghcLien 
llyt den vallen Eertcloot A, om dat A F even is met P N. 

Maer elek der twee linien vaa F en N recbthouekich opt plat des duyfie
raers,aldus even lijnde ande lini van N totOpt plat desduyfieraers, foo moeten 
die fel ve twee linien van F en N rechthouckich op ['plat des duyfieraers met 
malcander even lijn, en vervolgens foo is des inronts heele halfmiddellijn 1 F 
evewijdichmettetplatdcsduyfteraers. Ende op de fclve voet ift openbaeIlc 
tonnen bethuont worden de middellijn deur H rechthouckich op F I foofe 

. ghctrockcn waer, oock eV':wijdieh te weren mettet plat des duyfieraers, want 
[00 men deurt' punt K treckt een middellijn rechthouckich op 0 P, en dat
men naem den roerenden Eertcloot te weCen ande uyterften van dien (het 
wdckcortheytshalven ghelaten wort) t'bewijs foudcdaer me fijn als vooren: 
Nu dan de middellijn F I,met d'ander middellijn deul H,foofe a~ gheCeyt is ge. 
rrocken waer, beyde evewijdich fijnde metten duyfieraer, foo voIghter uyt het 
heel plat des inronts F I evcwijdich te weren mettet plat des duyfieraers. Ende 
{ulcx als dit bewijs is wdènde het inrorit met fijn middclpunt:urH, alfoo fal 
.derghelijcke bewefen worden tot alle plaetfen. Voort gelijd dit bewjjs is ge::
weeft meüe fotm des I' voorfiels, dienende voor de drieoppcrfie Dwaelders, 
alroo {alt oock lij n mette form des 16 voorftels dienende voor deoodel fie. 

T' B t s L V Y T. Het plat dan des ioronts de! vijf Dwae1ders Samrnus,Iupi
ter, Mars,V cnuscn Mercurius, is met ftelling eens vaften Eertdootultijt cve
Wi:d~h mcttet plat des duyûetacrs,c'we1~ wy bewijfcll moefteIl. 

Ec VER. 
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CONCLUSION. The circles of the two lower Planets Venus and Mercury, whieh 
are ealled deferents by those who hold the theory of a fixed Earth, are therefore 
epieycles; and what they eall epicycles are deferents; whieh we had to prove. 

THEOREM. 2nd PROPOSITION. 

The planes of the epieycles of the five Planets Saturn, Jupiter, Mars, Venus, 
and Mercury on the theory of a fixed Earth are always parallel to the plane 
of the ecliptic. 

First of all, sinee the epicycle is imagined to be equal to the Earth's orbit 
and sinee the Planet is assumed to have therein a motion in longitude equal 
and similar to the motion in longitude of the Earth in its orbit, it follows 
sufficiently that the parallelism of these two circles should be admitted, since 
otherwise there would be no perfeetly similar motion in longitude; nevertheless, 
sinee this parallelism ean be proved from the foregoing, I will deseribe it as 
follows. I ehoose for this the figure of the 15th proposition of the 3rd book, 
with regard to whieh I say as follows: Firstly, by the eommon rule deseribed in 
the 22nd proposition of the 3rd book it is known how great must be the latitude 
of Mars at the point N, when seen from the moving Earth 0,. but as great as it 
must be there, so great must also be Mars' latitude at I on the theory of a fixed 
Earth, i.e. when seen from A. And beeause Al is equal to ON, it follows that the 
line from 1 perpendicular to the plane of the ecliptie must be equal to the 
line from N perpendieular to the plane of the ecliptie. Seeondly, I say that as 
long as is the line from N to the plane of the ecliptie, when seen from the 
moving Earth at P, so long must also be the line from F to the plane of the 
ecliptie, when seen from the fixed Earth A, beeause AF is equal to PN. 

But each of the two lines from F and [1) perpendicular to the plane of the 
ecliptic thus being equal to the line from N to the plane of the ecliptic, those 
two lines from F and 11) perpendicular to the plane of the ecliptic must be 
equal to one another, and eonsequently the epieycle's entire semi-diameter IF 
is parallel to the plane of the ecliptic. And on the same grounds it is evident 
that it ean be proved that the diameter through H perpendicular to FI, if it 
were drawn, would also be parallel to the plane of the ecliptic, for if 
through the point K is drawn a diameter perpendicular to OP, and if the 
moving Earth were assumed to be at the extremities thereof (which is omitted 
for brevity's sake), the proof would be the same as above. The diameter PI, 
with the other diameter through H, if - as has been said - it were drawn, thus 
both being parallel to the ecliptic, it follows that the entire plane of the epicycle 
FI is parallel to the plane of the ecliptic. And sueh as is this proof when the 
epieycle is with its eentre at H j a similar 'proof ean be given for any plaee. Further, 
as this proof has been with the figure of the 15th proposition, serving for the 
three upper Planets, so will it also be with the figure of the 16th proposition, 
serving for the lower Planets. ' 

CONCLUSION. The planes of the epicycles of the five Planets Saturn, Jupiter, 
Mars, Venus, and Mercury on the theory of a fixed Earth are thus always parallel 
to the plane of the ecliptie; which we had to prove. 

1) For Nin the Dutch text read 1. 
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322 B y v 0 V G H 
VER T 0 0 C H. '3 V 00 R S TEL • 

. Wefende tvveeeven enevevvijdeghe ronden het een 
hoogher als t'ander,delini tuifchen hetmiddelpuntvant 
leeghfte , en een punt inden omtreck vanthoochfie,is 

. even enevevvijdege mette lini tuffchen fijnlijckftandich 
teghenoverpuntint leeghfte, en hetrniddeIpunt van het 
hoochfte.. .• . - .' . 

T' G HEG H E VEN. Laet A B het hoochftc roodt fijn ovcreant ghefien 
diens middelpunt C, oppedle punt A. ondedle pumB ,en D E fy het Jeeghile 

.1' 

rondt, even en evewijdich met AB, diens middel
punt F, opperfie punt D ,onder!le punt E,en F B fy 
de lini tuffchë het middelpunt F vant leeghfierondr. 
co eenich punt inden omtrcck vam hooghfie rondt. 
dac:t ick hier toe neem het ondeIfic pun tB: Sghelijex 
Cy De deJini tuffehen fijn lijckftandich tegeno\'er
punrint leeghfie, dat ishetoppeIfie punt D ,en het 
middelpunt C vant hooghfie [(mdt. Ende is te weten 
dat iek D ghenoemt heb be Jijckfiandich tegenover· 
pUnt van B,uyt oiIfaeck dat E een lijckfiandich punt 
·val} B is (als wefc:llde in fijn rondt fao het onderfic 

. ghclijek D int fijne) en D teghenovcrpurit van E. 
T'lIEGHEÉRDEo,Wy moeten bcwijfendatFB . 

. even en evewijdeghe is met D C. 'I' BE W Y s. Aa. 
gbefien C B cn D F even en evewijdeghe halfmid. 
dellijnenfijn deur t'ghegheven, fao fijn F B en D C 
twc:clinien tuffchen·de UJ!terfien van twee even en 
evewijdeghe; en daerom fijnfe ood felf even en eve
wijd~he: En fulcx als hier bewefen is niettet lijdt,:" 
fiandich tc:genoverpunr vam ondedle punt B,alfoo 
is deIgbelijdeopenbaer metlet lijckfiandich teghen
overpunt van alle voorghefielt punt des omtIea. 

TB É SLVY1'. Wefende danrwce even en cl'cwijdeghc ronden het een 
hoogher als t'ander,de lini tuffcben-het middelpunt vant lc:eghfie, co een punt 
inden onmeck vant hooghUe is even CD evewijdeghc meltc lini tuffchen fijn 
)ijckfiandich teghenovcrpunt int lccghfie, en het middelpunt, vant hoogbfic, 
•• wclck wybewijfen moefien.· . . . .' 

VERTOOCH • 4 VO OR STEL. 

. ' De Dvvadders ontfanghen met ftelling eens vafien 
:Eerë:dootsde felve fchijnbaer duyfteraerbreede, dieCe 
hebben met frellingeens roerenden Eertcloots. 

. ,A llghdic:n deSon: of Eertcloot . nummermeer ~rcede en hebben, f~ en 
valt er niet afte Jègghen. Angae~de de b.reede der Maeil , het is jDtV,Oorgaen. 

. . dcghc. 
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THEOREM. 3rd PROPOSITION 

When there are two equal and parallel circles, one higher than the other, the 
line between the centre of the lower one and a point on the circumference of 
the higher one is equal and parallel to the line between its homologous opposite 
point in the lower one and the' centre of the higher one. 

SUPPOSITION. Let AB be the higher circle seen transversely, its centre being 
C, the uppermost point A, the lowermost point B, and let DE be the lower circIe, 
equal and parallel to AB, its centre being F, the uppermost point D, the lowermost 
point E, ~lnd let FB be the line between the cent re F of the lower circle and some 
point on the circumference of the higher circle, for which I here take the 
lowermost point B. Similarly, let DC be the line between its homologous opposite 
point in the lower circle, i.e. the uppermost point D, and the centre Cof the 
higher circle. And it is to be noted that I have called D homologous opposite 
point to B because' E is a point homologous to B (as being in its circle the 
lowermost point just as D is in its circle) and D is the point opposite E. 

WH AT IS REQUIRED. We have to prove that FB is equal and parallel to De. 
PROOF. Since CB and DF are equal and parallel semi-diameters by the suppo
sition, FB and DC are two lines between the extremities of two equal and parallel 
lines, and for this reason they are also equal and parallel themselves. And such 
as has here been proved for the homologous point opposite the lowermost point 
B, 50 the same is evident for the homologous point opposite any given point of 
the circumference. 

CONCLUSION. When there are two equal and parallel circles, one higher 
than the other, the line between the centre of the lower one and a point on the 
circumference of the. higher one is thus equal and parallel to the line between 
its homologous opposite point in the lower one and the centre of the higher one; 
which we had to prove. 

THEOREM. 4th PROPQSITION. 

On the theory of a fixed Earth the Planets acquire the same apparent ecliptical 
latitude that they have on the theory of a moving Earth. 

Since the Sun or Earth never have any latitude, there is nothing to be said 
about them. As to the latitude of the Moon, it has appeared in the foregoing 
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DES B R' EED E L 0 0 P s. 
de ghebleken,die in á een en d'ander ftelling c:en fclve te: wefcn , Cula dauer al
leeneliek vande vi jf ander verclaring behouft. 

TG HEG H E VEN • Laet AB den duyftc:rac:r bedien oveItant ghefien ghe .. 
, Ujekal d'anderronden , C D f)' den Eenclootwc:ch) diens middelpunr E , waer 

I F 0 R M. .. F 0 R M, dc:urals inde eerfte form 

G 

:A · • • • • • • • • 
-I 

. , 

H 

F 

A dienédevcicir de drie bo. 
: vélleDwac:lders.of waet 
: H buyté als inde i form we 
! fende Mercurius teyeke-
• ning dienendé veior de 
• twee onderile ,getrock ë 

C' den DwaelderwechFG. 
in welcke iek neem den 
Dwaelder te weren ant 
opperilepunt F, en den 
Ecne/oot an hac:r weehs 

°opperile purC. Tot hier 
toe de teyekening gedaë 
fijnde vallde ilelling eés 
roerende Eertcloors, iek 
fal fiu die eens vallen be
ginnen, tot welckë eyn. 
de iek des Eerte/oot. 
wechs middeJpur E voor 
vaften EeIlcloot neem, 
want dat. in die: fielIing 
daer regen fulcke beteye. 
lening heieft deur heIl S 
voorfic:l des 3 bouex, en 
F G die eetil was Dwael
detwech, neem iek nll 
voot inroUlweeh: Voort 
anghéfi~ii den Dwac:l. 
der ghenomen is te we. 

iD fen an des weèhs opper. 
• fie plint F, foo moet het 
Jintoridt t'wdck H I fy, 
• met fijn miJdelpunr we .. 

B; ! fen an F , eiaek even en 
. ",!Bève~ijdich roette: Eert· 

tlootweeh COdeurhet a voorRet defcs Byvoughs. V OOIt want den roeren. 
den Eertc100t gheneimeli wiert an C .. foo nioet den D'waelder ghenomen fijn' 
an fals Iljekfiandich tegenoverpunr van C,waer af de reden blijekr int 15 voor. 
lleldes 3 boucx. T' BEG H EER D E. Wy moeten bewijfen dat den Dwaelder 
an I,met fielJing des vafien Eertc100ts an E, deJelve fehijnbaer duyfieraerbree
dcontfangr.die hy heeft ànF met fielliJig des roerenden fertcloots an C. " 

T' u: RE Y1' S EL.Laergerrockéwórdëde tweelinien EI.CF. T'B E WY S. 
Anghefien'C 0 even eil' evewijdeghei's met Hl. foo fijn haer helften E C, F I 
eock evenenevewijdeghe, en d'e twèé liilien daet tutfchen EI, C F mOeten 
Oock e:vewijdege fijn, en daerom oOl:kdenhouckA E -I ,wefende deS' Dwael. 

Ec ~ ders 
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that it is the same in one theory as weJl as the other, so that an explanation is 
required only for the five other Planets. 

SUPPOSITION. Let AB denote the ecliptic, seen transversely like all the other 
circles; let CD be the Earth's orbit, its centre being E, through which - as in 
the first figureserving for the three upper Planets - or alongside of which -
as in the 2nd figure, which is a drawing of Mercury, serving for the two lower 
Planets - is drawn the Planet's orbit FG, in which I take the Planet to be at 
the uppermost point F, and the Earth at its orbit's uppermost point C. The 
drawing so far having been made for the theory of a moving Earth, I will now 
start on one for the theory of a fixed Earth, to which end I take the centre of the 
Earth's orbit E for the fixed Earth, for in this theory this has the said significance 
by the 15th proposition of the 3rd book, and fG, which first was the Planef,s . 
orbit, I now take for the deferent. Further, since the Planet is assumed to be at 
the orbit's uppermost point F, the epicycle, which shall be Hl, must be with its 
centre at F, also equal and parallel to the Earth's orbit CD by the 2nd proposition 
of this Supplement. Further, because the moving Earth was taken at C, the 
Planet must be taken at I as homologous point opposite C, the reason of which 
appears from the 15th pröposition of the 3rd book. WHAT IS REQUIRED. We 
have to prove that the Planet at I, on the theory of the fixed Earth at E, acquires 
the same apparent ecliptical latitude that it has at F on the theory of the moving 
Earth at C. . 

PRELIMINARY. Let the two lines EI, CF be drawn. PROOF. Since CD is 
equal and parallel to Hl, their halves EC, PI are also equal and parallel, and the 
two lines in between, EI and CF, must also be parallel, and therefore also the 
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BVVOVGH 
.ders fchijnbaer duyll:eraerbreede gheueri uyt den va{len Ecrtdoot E, is even 
anden houek A C F wefende des Dwacld::rs fchi;nbaer duyLleraerbrcede ghe. 
fien uyt den roerenden Eertdoot C : Maer fulcx als hier bethoom is welènce 
den toerend.::n Eeudool en den Dwaelder lOt dier rondë hooghfte en leegh
fte punt, fal oockalfoo blijckcn tot alle plaelfen ,om dat ghelijck in defe twee 
evewijdege ronden CD, H I, de lilli. E I [U1fchen het middelpunt E vant leegh
fie rondt,en het punt I inJen omtreek vam hooghfte, even en evewijdeghe is 
mette lini CF, tu1fehen tijn lijckll:andich tcghcnoverpunt C int leeghfie ,en 
het middelpunt F vant hooghile,löo fijn alle Culcke linien overal evewijdeghe 
deur hel 3 voorilel deîcs Byvoughs. TB E S LV Y T. De Dwaelders dan ont
fanghen met fielling eens vanen EertcloOls de fel"e fchijnbaer duyfieraerbree
de diefe hebben met llelling eens roerenden Eem:loots, t'wekk \Vi' bcwijîen 
modica. 

5 VOORSTEL. 

'We (ende ghegheven eens Dvvaelders meefie noärder
fehe en zuyderfehe breede, te vinden fijn vvechs afvvije-
1:ing vanden du yfteraer: Ooek mede hoc verre de duyfie.. . 
rac:r(ne vanden Eertcloot val t, deur vvi fconftighe vVCrc- . 
kingghegrontop ftellingeens vaften Eencloots. . 

Angefien den inromweeh der drie bovellfte Dwaelders deur den EerrcJoot 
ftreekt,of ghenomcl1 won voor na ghenoueh daer deur te ilrecken, maer van
de tWecondedkdacl bUYlen,foo làl ick daer af twee voorbeelden befchlijven. 

1 Voorbeelt rvande drie b()'Penfle "D"Plldelders. 

T' G HEG HE VEN. Laet A B den duyneraer beteyekenen overcant ghe~ 
lieo,diens middclpuntdatsden vallen eerteloot C, wacr deur ghetroc:kcn is Sa
turnus inrolltswcch DE, ilreekende CD na de noonfijdc • C E na de zUytfij. 
de, fuJcxdàtdetwce hoocken A CD, Be E,desinrontwcchsafwijcking be· 
dien, en by fijn uytcr(lc punt D na (Noorden als middelpunt is befchreven het 
inront F G, evcwijdich ll1ett:n duyfteracr AB, diens vcrfiepunt F , naeficpunt 
G, van t\velck gctrocken Cy de lini G C,en den houek A C·G ,doet ah bevon
den \\Tiert indeei\'aring deS2.o voorfiels des 3 bouex 3 tr. 2 0: Sghelijcx is opt 
uyterfie puntE na het Zuyden als middelpunt, befchreven het iDIOnt H I, eve
wijdich metten duyfieraer AB, diens verfiepunt I ,nacllepunt H, van ('welck 
gctrocken Cy de lini RC, en den houek BCH doet als bevonden wiert inde er
varingdes voorCchreven 2.o\"oorllels ~ tr .s 0. T'B E G H EER D E. Wy moe
ten ,'inden (jes inronrwechs D E afwijeking vanden duyfteraeI ,dats den 
houckACD. 

":[' W ERe K. 

De drlehouck C DG heeft drie bekende palen, te weten D G loooodcut 
t'gefieldc, CG [00 veel als ten tijde der ervaring dédc delini v3nden Eertcloot 
tottet ini:onts nadlepunt, .l'welck deurt','crvolgh' van het J 3 '\700Ifie1 des 3 
boucx intgbemcen bekent wort, en befonderlick bevonden isint 21 voorfiel 
dcS.3 bQLl~ v,an SS718,of andcrsolll gbexievjgerwclwngmachmcn nemen .. *~ 
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angle ABI, being the Planet's apparent ecliptical latitude when seen from the 
fixed Earth B, is equal to the angle ACF, being the Planet's apparent ecliptical 
latitude when seen from the moving Earth C. But such as has here been proved 
when the moving Earth and the Plan et are at their circles' uppermost and 
lowermost points, the same will also be apparent in any place, because just as in 
these two parallel circles CD, Hl the line EI between the centre E of the lower 
circle 'and the point I on the circumference of the higher circle is equal and 
parallel to the line CF between its homologous opposite point C in the lower 
and the centre F of the higher circle, thus all such lines are always parallel 
by the 3rd proposition of this Supplement. CONCLUSION. On the theory of 
a fixed Earth the Planets thus acquire the same apparent ecliptical latitude that 
they have on the theory of a moving Earth; which we had to prove. 

5th PROPOSITION. 

Given a Planet's greatest northerly and southerly latitudes, to find its deferent's 
deviation from the ecliptic; also how far the line of nodes is from the Earth, by 
mathematical operations based on the theory of a fixed Earth. 

Since the deferent for the three upper Planets passes through the Earth, or is 
assumed to pass through it approximately, but for the two lower Planets outside it, 
I will describe two examples thereof. ' 

lst Example of the Three Upper Plan ets. 

SUPPOSITION. Let AB denote the ecliptic, seen transversely, whose centre 
is the fixed Earth C, through which is drawn Saturn's deferent DE, CD tending 
towards the north side, CE towards the south side, so that the two angles ACD, 
BCB denote the deferent's deviation, and about its extremity D towards the 
North as cent re has been described the epicycle FG, parallel to the ecliptic AB, 
its apogee being F, its perigee G, from which let there be drawn the line GC,. 
then the angle ACG, as was found in the experience of the 20th proposition of 
the 3rd book, makes 3°2'. Similarly, about the extremity E towards the South 
as centre has been described the epicycle Hl, parallel to the ecliptic AB, its 
apogee being I, its perigee H, from which let there be drawn the line HC; then 
the angle BCH, as was found in the experience of the aforesaid 20th proposition, 
makes 3°5'. WHAT IS REQUIRED. We have to find the deviation of the 
deferent DB from the ecliptic, i.e. the angle ACD. 

PROCEDURE. 

The triangle' CDG has three known terms, to wit, DG = 10,000 by the 
supposition, CG as much as the line from the Earth to the epicycle's perigee 
was at the time of the experience, which by the sequel of the 13th proposition 
of the 3rd book becomes known generally . and has been found in particular in 
the 21st proposition of the 3rd book to be 88,718 1), or otherwise, with a view 

1) This value is not to be found in Proposition 21 of the Third Book. 
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A 

, . 

'E 

r 

DES :s R. EED E L 0 0 P S. 
de lini CD, doende na ghenoueh 10000 meer, 
dats 98718, en den houek D G C J 76 Ir. j 8 CD,als 

'F even lijnde metten houek G e B,die halfrontfehil 
is der bekende groolfie breede A C G 3 tr. 2. 0: 
Hier me gefoeht den houek C DG, wort bevon

D den deur het S voodlel der platte drichoucken van 
2 tI.43 ®, Iwekk oock is voor den houd A C D 
begheerde afwijeking desweehs vanden duyfic-

G raer, overc:eneommehde mette 2. tI. 43. CD die int 
23 voorftel des 3 boueK ghevonden wierden. lek 
doe daer na derghelijeke wereking over d'ander 
fi;de,fouekende den houek B CE, tót dien eynde 
aldus fegghende: De driehouck C H E heeft drie 
bekende palen.te weten EH Joooodeur t'gheClcl
de,e H 7juodeur r"vervolgh van het IJ voorfiel 
des 3 boucx,enden houekÇH E 176tr. SS 0,a15 
even lijnde metté houek ACH, die halfromfehil 
is vande bekende grootfte breede 3 tI. j 0 : Hier 
me ghefoeht den houdt H E C , wort bevonden 
deur het CS voorael der platte driehoucké van z tr. 
43 0, t'welek oock is voor den houek B C E,even 
\'aJIende metté bovefehreven houek A C D ooek 
van .2 tI.43 0. fulcx dat volghens dere rekening 
G H deur den vaften EcrrcIoot e ftrcekt. Maet 
by aldien foodanighe cvenheyt niet ghec:ommen 
cn waer, ghelijekt mette twee onderfte Dwaelders 
r,h'ebeurr,men roude dan voighende wijfe des na
befchreven a voorbeelIs. 

i MERCK 

Noch is te weten dat Saturnus inrontweehs af. 
wijckingvandcn duyfieraermet ficlling eens va
llen' Ecnc1001s can gevonden worden opeen an
der wij fe , weleke alfoofe noch opentlicker ver-
daert de ghemeenfchap der tWee fiellinghen eens 

vanen en rocrendcn Eertcloots, foo fal iek die met een befchrijven. Laet als 
by manier van bereytfel ghetrocken worden D K , even en evewijdeghe met 
G C: Sghclijcx E L,even en evewijdeghe met H C;t'welck [00 lijnde de cruyf
vierhouck K D E L,is even en ghelijck metten cruyfvierhouck AD 1; B des 2Z 

voorfiels V:lOt 3 bouek,dáerom hier me ghefoeht des inrontwechs C D afwije
king vanden duyileraer na de manier des fcl ven 2.2. voorfteIs, t'ghene daer uyt 
comt is I'begeerde, en moet noolfakelick even 'fijn mettet bdlilyt vande voor
gaende eerile werOOng. En blijckt hier me liehtbaerlick hoe de form der fiel
ling eens roerenden Eerteloots. te weten den crilyfvicrhouck K D E L,metten 
Eerrelootwech K L, een felve: beOu)'t voortbrengt als de formder Helling eens 
vafté EertelootsC, en haer inront ter eender lij de G D F,terander HE I,want 
den driehol1ck C D G is even en gelijck metten driehouck D C K, alfoo ooelr: 
is C E H met E C L, waer uyt voJght dat alfulcken afwijcking als van C D be
vonden wortdeurde bekende palen des driehoucx D C K,foodanighe moeIer 
oock bevonden WOlden deuI de bekende palen des driehoucl CD G. Oock is 

. Ec J fghc:-
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to a more convenient procedure, the line CD may be taken, which is approximately 
10,000 more, i.e. 98,718; and the angle DGC = 176°58' as being equal to the 
angle GCB, which is the supplement of the known greatest latitude ACG = 3°2'. 
When the angle eDG is sought therewith, it is found by the 5th proposition of 
plane triangles to be 2°43', which is also the value of the angle ACD, the 
required deviation of the deferent from the ecliptic, corresponding to the 2°43' 
found in the 22nd proposition of the 3rd book. I then perform a similar operation 
on the other side, seeking the angle BCE, saying to this end as follows. The 
triangle CHE has three known terms, to wit, EH = 10,000 by the supposition, 
CH = 75,210 by the sequel of the 13th proposition of the 3rd book, and the 
angle CHE = 176°55', as being equal to the angle ACH, which is the supplement 
of the known greatest latitude 3°5'. When the angle HEC is sought therewith, it 
is found by the 6th proposition of plane triángles 1) to be 2°43', which is also the 
value of the angle BCE, which is equal to the above-mentioned angle ACD, also 
2°43', so that by this calculation GH passes through the fixed Earth e. But if 
such equality had not resulted, as is the case with the two lower Planets, the 
method of the following (2nd) example would have to be used. 

NOTE. 

Itis also to be noted that the deviation of Saturn's deferent from the ecliptic 
on the theory of a fixed Earth can be found in a different manner, and since 
this makes the similarity of the two theories of a fixed and a moving Earth even 
clearer, I will describe it at the same time. By way of preliminary let there be . 
drawn DK, equal and parallel to GC. Similarly EL, equal and parallel to He. 
This being so, the crossed quadrilateral KDEL is equal and similar to the crossed 
quadrilateral ADER of the 22nd proposition of the 3rd book. Hence, when the' 
deviation of the deferent eD from the ecliptic is sought therewith in the manner 
of the said 22nd proposition, the result is the required value and must needs 
be identical with the result of the foregoing first procedure. And thus it is deady 
evident that the figure of the theory of a moving Earth, to wit, the crossed 
quadrilateral KDEL, with the Earth's orbit KL, leads to the same result as the 
figure of the theory of a fixed Earth C, and its epicycle on one side'GDF, on the 
other side HEI, for the triangle eDG is equal and similar to the triangle DeK, 
and so is CEH to ECL, from which it follows that the same deviation that is 
found for CD, from the known terms of the triangle DCK, must also be found 

1) Stevin's Trigonometry (Work XI; i, 12) p. 156. 
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3 2CS B y v 0 V CH. . 

fghelijcx tever/laen met d'ander twee drichouclcen. En rukx als hier ghcweeA: . 
is het voorbeelt met Saturnus, alfo ift k<:nnelick te fullen fijn met d'ander twee: 
·bovenftclupiteren Mars. 

:z Voorbeelt rvande (p"pee onderne 'D"P"Paelders. 

Hoewel al de letters inde form deks;z voorbeelts van fukke bcteyekenîng 
fijn alsdi<: descerfien voorbeelts ,en dat yemant achten mocht de meyning 
van dit deur t'eerfiegenoueh bekent te weren, nochtans infiende de "crrehey· 
denheyt der uyterlieke form, te weten dathia den inrontweeh veel deender is 
dan het inront. daer int J voorbeeltde weeh veel grooter was, en datbovédien 
defe wech niet deur dé Eertcloot enllreél,fo befchrijfick noch dit 2 voorbeelt. 

TG EG Ey:E N.Laet de deelen der volgende form ABC 0 E F G BIK L 

H 

, 

A 

~. 
" " , 
" I , , 

fijn van Mercurius, met fuJcke beteyekening als de 
deelen der fOlm descerften voorbeelts van Saturnus, 
dochdaer in verfehiIlende, dat defen inrontswech 
D :Edie ghevonden fy gheweeft na de manier vant 

F werd: befehreven int 1 voorbeelt, niet en ftreeke: 
deur den EertcJoot C , maer fniende den duyfteraer 
int punt M : Ten anderen daer het inront van Sa!U~ .. 
nus veel deender viel dan fijn weeh, ili die placts ia: 
ifi: hier veel grooter, te wcten F G in fuIcké reden tot 
DE, als indeformdes I voorftels defesByvoughsdc 
liDi P Q tot ~, voort doet den hOl1ck BeG 1 tt. 
4.s (D,en ACH ... Ir • .s 0 als bevondë wiert inde er
varing van Mercurius breede achter het 2.5 voodld· 
des 3 boucx. T' BEG HEI R DE. Wy moelen \,jD~ 
den des inrontwechs 0 E afwijcking vanden duylle. 

D Iaer,datsdenhouckAMD. 

'" a , . 
~ : 
' .. 
" 
\~ 

T' W E-:a C K. 

Deur des driehoucx DC Gdrie bekende 
palen, WOrt als op de wijfe deSl voor-
beelts ghcvonden den houd: C DG. 

En den houek De G • 
. Daer IOC den gheghevcn bODek BeG. 

Comt den houekB C D. 
Die ghetrocken van J 80 tr. blijft den houek 0 C K. 
Daer toe vergaert den gheghevcn houet KC H. 
Cornt den houck De H. 
Deur des drir.houcx E C H driebckende pa. 

len wort als op de wijfe des I vooIbechs, 
ghcvonden den houek HeL 

Die vergaert tot D C H fevende in d'oirdé, 
comt den houek . De E. 

De driehouck D C E heeft drie bekende 
palen,' te weten dien houck D C Ene· 
ghende in d'oirden, en de twee linica 
CD, CE, van den Eertcloot tot des in· 
ronts Dliddelpunt, die bekent worden 

deur 
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from the known terms of the triangle CDG. The same is also to be understood 
for the other two triangles. And such as has here been the example with Saturn, 
the same will it obviously also be with the other two upper Planets Jupiter and 
Mars. 

2nd Example of the Two Lower Plan ets. 

Although all the letters in the figure of this 2nd example have the same 
denotation as those of the first example, and it may be considered that the 
meaning of this example is sufficiently clear from the first, nevertheless, 
recognizing the difference of outward appearance, to wit, that here the deferent 
is much smaller than the epicycle, whereas in the lst example the deferent was 
much larger, while moreover this deferent does not pass through the Earth, I will 
also describe this 2nd example. 

SUPPOSITION. Let the parts of the following figure ABCDEFGHIKL be of 
Mercury, with the same denotation as the parts of the figure of the first example 
of Saturn, but differing in that this deferent DE, which shall have been found 
in the manner of the procedure described in the 1st example, does not pass 
through the Earth C, but intersects the ecliptic in the point M. Secondly, whereas 
the epicycle of Saturn was much smaller than its deferent, it is much larger here 
instead, to wit, FG in the same ratio to DE as in the figure of the 1st proposition 
of this Supplement the line PQ to QR. Further the angle BCG makes 1°45'and 
ACH 4°5', as was found in the experience of Mercury's latitude, af ter the 25th 
proposition of the 3rd book. WHAT IS REQUIRED. We have to find the 
deviation of the deferent DE from the ec1iptic, i.e. the angle AMD. 

PROCEDURE. 

From the three known terms of the triangle DCG 15 found, in the 
same manner as in the 1st example, the angle 

And the angie 
When to this is added the angle 
We get the angle 
When this is subtracted from 180°, there is left the angle 
When to this is added the given angle 
We get the angle 
From the three known terms of the triangle ECH there is found, in 

the manner of the 1st example, the angle 
When this is added to DCH (the seventh in this list), we get the angle 
The triangle DCE has three known terms, to wit, that angle DCE 

(the ninth in the list) and the two lines CD, CE, from the Earth to the 

CDG. 
DCG. 
BCG, 
BCD. 
DCK. 
KCH, 
BCD. 

HCE. 
DCE. 
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D ES n REE D E.L 0 0 P S • 

. deur t'vervolgh van het 13 voorfie1 des 3 boua:Hier me wort 
ghevonden den houck , . eDE. 

Daer toe vergaert dé houek e D G eerfie in d' oirden, comt dé hODck 
E DG,datsoockdéhouck MDG, welckeevëfijndemetAM 0, 
om dat M Dis tu1fchendetweeevewijdege K M,O G, fooisdaer 
bekent de begheerde afwijcking . AM D. 

T'is ooek kenneJick hoe ghevonden fal worden de Jangde der lIni ' 
Me, dat is foo verre de duyfi~raerfne van den Eertcloot \'alt, want 
den driehouck 0 e M heeft drie bekende palë; te Weten dë houck 
CD M, als wefende den houek eDE achtfiein d' oirden ; voort 
den houck M e D, als even lijnde metten hou ek CD G eerfie in 
d' oirden, om dat e 0 is tuffi:hen de twee evewijdeghe KC, DG; 
ten derden de lij de CO, met welde drie palen als ghefeyt is be-
kent WOrt de Iini Me: 

Noch is te weten dat Mercurius inrontwechs afwijckirig vanden duyfieraer 
metfielling eens vafien Eertcloots can gevonden worden op een ander wij
fe. welcke alfoofe noch opentlicker verclaert de gemeenfchap der twee fiel
linghen eens vafien en roerenden Eertcloots, foo fal ick die met een befchrij. 
ven. Laet als by manier van bereytfeI ghetrocken worden D K;evcn cn'eve
wii~eghe met Ge: Sghelijcx E L evejl en evewijdeghe met H e, t'welck foo 
lijnde, de cruyfvierhouck K D E L,is even en ghelijckmenen cruyfvierhouck 
LOM Pint 3lidt van Mercurius breede achter het 2.5 vOOIfiel des 3 boucx, 
daeroin hier me gherocht des inrontwechs M Dafwijcking vanden duyfie~ 
raer na de ,màJlÏtr des fel"en 3 Iidts , t'ghene daeruyt comtis t'begheefde, en 
moet nootrakelick even fijn metter befluyt vande voorgaende eerfie werc
king. En blijckt hier me fichtbaedick hoe de form der fielling eens roeren~ 
den Eertcloors, eenfelve befluyt voortbrengt als de form der fielling eens va· 
fië EeItcloots,alfo van dergelijcke wat breeder gefeyt is ach tel het I vooIbeclt. 

En fula als hier gheweefi is het voorbeelt met Mercurius ,alroo ifi kenne
Jiche fullen fijn met danderonderfie DwaelfierVenus. T BES L VYT. We .. 
fende dan ghegheven eens Dwaelders medle noorderfeheen zuyderfche brce
de, wy hebben gevonden fijn wechs afwijcking vanden duyfieraer : Oock me· 
Ge hoe verre de duyfieraerfne vanden EertcJoot valt, deur wifconfiighe wel'" 
kingghegront op ftelling eensvafien Ecrtcloors, ria den cyfdl. 

6 VOORSTEL. 

TevindeneensDvvaelders fchijnbaerduyfieraerbree ... 
de op een ghegheven tijt~deur v vifconfiige vvc:rckingge
gron top fielling eens' vafien Eertdoots. 

Om t'begbeerdc te aijghen, wy rullen eerft vInden de lini \'ànden Dwael. 
der int inront rechthouckich op den dayfteraer. Als by gelijckenis inde form 

. des 5 voorfielsdefes Byvoughs, de verdochte lini van F rechihouckich opt plat 
des duyfieraers AB: Maer fulde lini is tot allen plaeteen des inronts, even an· 
de lini van des inronts middelpuntals D, rechthouckich opA B, deur dië 0 F 
cvewijdcghe is met A B, en daerom falmen defe altijt vinden in plaets van die, 
t'welck doende foo en iàl de manier van ,'vinden der feJve geen verfchil heb
ben,mettc vinding van derghelijckclinjjn ficlJiJlgeCJls roerenden Eertcloots 

E c + bcfduc-
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epicycle's centre, which become known from tbe sequel of tbe 13tb 
proposition of the 3rd book. 

275 

Herewith is found the angle eDE. 
When to this is added the angle CDG (the first in ~e list), we get 

the angl~ EDG, i.e. also tbe angle MDG, and since this is equal to AMD, 
because MD is between the two' parallel lines KM, DG, there is known. 
the required deviation AMD. 

It is also obvious how tbe length of the line MC has to' be found,. 
i.e. as far as the line of nodes is from the Earth, for the triangle DCM 
has three known terms, to wit, the angle CDM, which is also the angle 
CDE (the eighth in tbe list); further the angle MCD, which is equal to 
the angle CDG (tbe first in the list) beca,use .CD is between the two 
parallel lines KC, DG; thirdly, the sideCD, by means of which three 
terms, as has been sàid, is found the line Me. 

It is also to be noted that the deviation of Mercury's deferent from the ediptic 
on the theory of a fixed Eartb can be found in a different manner, and, since 
this makes the similarity of the tiro theories of a fixed and a moving Earth even 
clearer, I will describe it at the same time. By way of preliminary let tbere be drawn 
DK, equal and parallel to GC. Similarly EL equal and parallel to He. This being 
so, the crossed quadrilateral KDEL is equal and similar to the crossed quadrilateral 
LOMP in the 3rd section of Mercury's latitude, af ter the 25th proposition of 
the 3rd book 1). Hence, when the deviation of the deferent MD from the 
ecliptic is sought therewith af ter the manner of the said' 3rd section, the result 
is the .required value and must needs be identical with the result of the foregoing 
first procedure. And from this it is clearly evident that the figure of the theory 
of a moving Earth leads to the same result as the figure of the theory of a 
fixed Earth, as has beensaid somewhat more fully in a similar case af ter 
the lst example. 

And such as has here been the example with Mercury, the same will it obviously be 
with the other lower Planet Venus. CONCLUSION. Given a Planet's most northerly 
and southerly latitudes, we have thus found the deviation of its deferent from 
the ecliptic; also how far the line of nodes is ftomthe Earth, by mathematical 
operations based on tbe tbeory of a fixed Eartb; as required. 

6th PROPOSITION. 

To find a Planet'sapparent eclipticál latitude at a given time, by mathematical 
operations based on the theory of a fixed Earth. 

In order to get the required value, we first have to find the line from the 
Plan et in the epicyc1e p~rpendiclliar to the ec1iptic; for example, in t):le figure 
of the 5th proposition of this Supplement, the imagined line from F perpendicular 
to the plane of the ecliptic AB. But such a line is in any place of the epicyc1e 
eqllal to the line from the epicyc1e's cent re (D) perpendicular to AB, because 
DF is parallel to AB, and therefore the one will always be found instead of the 
other. When doing so, the method of finding it will not be different from 
the finding of a similar !ine, described in the theory of a moving Earth in thc . 
24th proposition of the 3rd book. Thc callse of ~his similarity is even more 

1) In the figure on page 248. 
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be!èhreven int 24 \'oorfiel des 3 boucx : De oirfaeck dercr ghelijckheyt isdaer 
deur noch kenne1icker ,dat den DwaeIder met ftelling eens roerenden Em· 
doOls, comt ter plaets van de3 inronts middelpunt met ftelling eens vaften 
Eerlcloots. Nu dan fuJcke Iinialfoo bekent wordende,cn dan benevens deur 
t'vervolgh vant 13 voorficl des 3 bpLJCX de Jini vanden vaften Ierteloot tallen 
Dwaclder, foo heeft den rc:chthouckighen driehouck begrepen onder de felve 

Hypothenufo twee linien, en de derde* fchoenfchc dric bekenàe palen, waer me opnbaer
lick ghevonden wort de bcgheerdc breede als int 2.5 "OOIfte! des 3 bcucx met 
ftelling eens roerenden Ewcloots, fulcx dat my onnoodich ghc:dóchrheeft het 
fdve hier andcrmael int langhe te bcfchrijven. T' BES L V Y T. Wy hebben 
dan ghevonden eens Dwae1ders fchijnbaer duyftcraerbreede op een gheghe
ven tijt, deur wilèonfiighe welckingghegront apHelling eens vaftt'n Eert
dOOIS, na den eyfch. 

SAMING 

Vall ettelicke overeencomrningen en verfchillen tuf
{chen de befchrijving des breedeloops defes Byvoughs, 
mettebreedeloop van Ptolemeus. . 

Alfoo my inde voorgaende befchrijving deredlof des breedeloops,fomwi;. 
Jen vootvieleneenighe vcrfcheydcnheden !Uffchen de felv" en de breedeJoop 
by Plo!emeUJ btfchIeven,foo heeft my bequamer ghedocht die hier by den an
deren te vcr(amen, dan inde voorgaende kering te venucnghcn, fuk", dat içk 
daer af fteJlen fal <k volgncnde leden. . 

I L I. b T. 

Anghelien d'oirîaeck des breedeloopsdcr Dwaeldersghetrockcn wort \lyt 
Delling eensroerenden rettcloots die tot PfoltmcU$ tijtonbckem fcheen ,fco 
heeft hynochtans int veroirdenen derfpic:gheling vande drie bo\'enfte,de fake 
al feer na ghecommcn, fiellende het inront te wijle hetloopl altijt bycans cve
wijàkhvanden duyftetaer Ie blij l'en , wanl foo hy dat gelijck de fake vereyfcht, 
en int 2 voorUel des Byvóughs bewefen is Ie moeten fijn, ,'oor heel evewij
dich ghenornen hadde (l'fchilde als blijckr int 3 Heoftfiick fijns I ~ l:ouèx in 
Sarurnusloop alleeneJick 2 tr. 4 ®.dat den houck gemaeckt vantinront met
te weeh,ten alderhoochilen grooler wils dan den houck gemacckt \'ande wech 
metten duyfterael : J ri Iupiter was fukk verfchil aJleenelkk \'all1 tr. 6 (9, in 
Màrs van i Ir. J j 0,ja het imom anden duyfieraer fijnde, .'waffer volgens fijn 
flelling teencmael in fonder f.oyen, ghdijck na de veJcommen fpieghcling fijn 
moet) foo en waet de lallende onfek el wetcking int foucken ":'inde afwijck:ng 
dericl'Ontswegen befchreven Înt felve 3 Hoofiftick niet noodich gheweefr, en 
fuuden cl'ander rekeninghen van der Dwaelders breeden, dan deurgaens over
een ghecornmen hebben mtl defe, fondu daer afinde relt 100 te \'erfchilltn als 
int \'olghende 2lidt ghefeytfal worden. 

2- LID T. 
PtolttlJcllS tafel van Saturnus brec:deIoop int j voorftet fi;ns J 3 boucJC, en 

fchijnt geen g~nouchfacm overeencollIming te hebben met fijn fpicgheling. 
Om van t'weJck bleedeI verdaring te doen,foo i~ te weten dat hy int .. voorftel 

vanE 
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obvious from the fact that on the theory of a moving Earth the Planet comes 
at the place of the epicycle's centre on the theory of a fixed Earth. Hence, this 
line thus becoming known, and in addition, from the· sequel of the 13th 
proposition of the 3rd book, also the line from the fixed Earth to the Planet, 
the right-angled triangle contained between these two lines and the third (the 
hypotenuse) has three known terms, with which the required latitude is evidently 
found, as in the 25th proposition of the 3rd book on the theory of a moving 
Earth, so that I deemed it unnecessary to describe this here once more at length. 
CONCLUSION. We have thus found a Planet's apparent ecliptical latitude at a 
given time, by mathematical operations based on the theory of a fixed Earth; as 
required. 

COLLECTION. 
Of some similarities and differences between the description of the motion in 

latitude according to this Supplement and the motion in latitude according to 
Ptolemy. 

Since in the foregoing description of this subject matter of the motion in 
latitude I sometimes came across some differences between it and the motion in 
latitude described by Ptolemy, it seemed more suitable to me to collect them 
here with the others than to mix them with the foregoing subje,cts, so that I will 
give thereof the following sections. 

Ist SECTION. 
Since the cause of the motion in latitude of the Planets is derived from the 

theory of a moving Earth, which seemed unknown in Ptolemy' s time, nevertheless 
in framing the theory of the three upper Planets he came very near to the matter, 
assuming the epicycle, while moving, to remain always nearly parallel to the 
ecliptic; for if - as the matter requires and has been proved to be true in the 
2nd proposition of the Supplement - he had taken it to be perfectly parallel 
(as appears in the 3rd Chapter of his 13th book, the difference for Saturn's 
motion was only 2°4' by which amount the angle made by the epicycle with 
the deferent was greater at most than the angle made by the deferent with the 
ecliptic; with Jupiter this difference was only 1 °6', with Mars 10 15', nay, 
when the epicycle was in the ecliptic, according to his assumption it feIl 
altogether in it, without intersecting it, as it must be according to the perfect 
theory), the tentative, uncertain procedure in the seeking of the deviation of the 
deferents, described in the said 3rd Chapter, would not have been necessary, 
and the other calculations of the Planets' latitudes would gene rally have agreed 
with the present calculations, without further differing therefrom as much as is 
to be mentioned in the following (2nd) section. 

2nd SECTION. 
Ptolemy' stabie of Saturn's motion in latitude in the 5th chapter 1) 

of his 13th book seems not to be sufficiently in agreement with his 
theory. To explain this more fully, it is to be noted that in the 4th, 
chapter of the said 13th book he takes the deferent's deviation from 

1) Stevin designates Ptolemy's chapters by the same name of Voorstel which he also 
uses for the propositions. 
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~antfe1fdc 13 bouck,desinronlwechs afwijeking vanden duyftc .. 
. ratr, die inde eerfie form vam l voorficl defcs Byvoughs betcyc. 
kent fy metlen houck A C D neemt op ~ tr.2CS CD. 

Den hou ek CD G op 4 ft. JO ®. 
Het halfrontfchil van dien doet voor den houck·C D F J7j tt. 30 <D. 
By aldien nuvanden EencJcot C , tot des imoms vedfepuntF,we-

fende metier middelpunt an fijn wcchs\'erfiepunt D ,geuocken 
. waer de Iini CF, fy foude doen deur de Byeenvouging des i 3 

"oorficlsvanq bouek . 108718 •. 
Waer me fulcke dric:houck CO F drie bekende palen (oude hebbë. 

tcwetendéhouckC DF I7j rr.Jo,derdcind'oirden,DF 10000, 
en CF 108718 vierde in d:oirden : Hicrme ghefochtden houdt 
D C F,wott bevondë deur het j voorfiel der platte dric:houckë vä AS 0. 

Die ghcuoeken vanden houek A C D i tr. 26 CD eedle in d' oirden, 
blijft voor den houek A CF. 1 tt. I <D. 

En foo vccl moet volghens Plo!tmtll4 fpicgc1ing wefenSalurnus brecdc: als hy 
- isan des imoots verfiepUnI F, metdesinronls middelpunt an fijn wechsver-
1kpunt D. Maer volgens ['gebruyck der bovefchrevë lafc1s,fois hy dan fondet 
brcede, waet deur die tafels foO vecl van hàer fpiegheling verrchilkn, 

En doëdedergclijckeop d'ander fijde als SaIllInus is anr iriióls verfiepuiltl. 
men fal fijn breede bevinden van I Ir, j8 CV ,in wekker plaetshy volghens 
de tafels fonder breede bevonden won.lnd~n;ougen dat, volghens t'gh.cne iele 
voorgenomen hadde Ie verclarë, Pto!tmtll6 tafel van Satilrnu~ breedCloop geS 
gcnouchfaem overeencomming en fchijm ie hebbé mtl fijn fpiegelingcn. En 
dergelijcke is oock te verfia:en v:inde tarelsen fpicgelingë del Owacldcrs Jupiter 
. en Mats. Maer hoc groot foodànighc bteeden vallen mClllclling eeos loereo •. 
den Eertcloots,datsopenbaeldcu·r het 2S voorllc1dcs 3 boucx, .. 

3L lOT. 
In t I Iidt is gcCeyt dat P/~/tmt1l4 niet verre vande rechte fpicgheling en was; 

ilellende de inronden "Bnde drie bovenUe Owaelders altijt bycans evewijdich 
"anden duy!leraer te blijven, .maer [uia en ismette twee onderfie {co na niet 
geluckt, waer afhy uyt fijn gagdIagen -ervaringen niet fuleken wij Ce van fpie
geling trccken en eonde,als hy uyt de drie bo\'enfiegcdaen hadde: Dc'voorna ... 
melicfte oorfaeck die hem verhinderde fchijnl twecdcrley, d'eerLte dufdanich: 
Tgene hy Mercurius inroQt nocnide en dacr \'oor gebnijlte en waLt niet dent 
het I "oorild defes Byvoughs,maer veel çlcender dan na t'bebooren. fulce dat 
als hy t'fd ve al plouvende annam voor alti;! bycansevcwijdich vanden duyfie .. 
{aer te blijvca ;.gclijckhy mene intonden der drIe bovcnlledede, dat en hadde 
D1CllC ervadilgcn geen gemeenfchap ,wan.t het w:.1sl'à»dergroot roDt dalmeQ 
daer roc nemen moeLt, O'ander oirlàeek te weten die hemde waggelingdcs in
rootwechs dede bdluyten,cn·de duyfieraafne op een ,'crkecrde Lijde nemeD, 
~hijnt dat dl,lf4aJl.ch was: Hy·hceft fich in gebeclt alle gClbeene fneen der in. 
IQntWcgell en deS duyfteraers deurden Eericloot te Lbceken: Als bY"oorbeclt 
dë inrQntw.ceh DE.die inde form des j voorllcls defcs.By,'oughsdf duyficracr 
eygentlickiD M.4cuifnijt, beeft hy ghc~ctDtle lheckank:urden vallen Errt .. 
cloot C, waer op hy fijn rekeningë makc.ndc.foo iOh uytgcvolght dudoen hy 
meende het inroDts middelpunt gecommë teWefen \'an D totC, enalfdan be
hqij:en,inden duyllcraer AB te wefen {onder breede. Coo bevanthijt mareE 

dact 
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the ecliptie, which in the. first figure of the Sth proposition of this . 
Supplement 1) is denoted by tbe angle ACD, to be 

The angle CDG to be 
The. supplement thereof (the angle CDF) makes 
Henee, if from the Earth C to the epicycle's apogee F, being with 

the eentre at its deferent's apogee D, the line CF were drawn, by the 
Compilation of the 13th proposition of the 3rd bookit would make 2) 

Thus, this triangle CDF would have three known terms, to wit, the 
angle CDP = 175°30' (tbe tbird in the present list), DF = 10,000, 
and CF = 108,718 (the fourtb in the list). When the angle DCF is 
sought· therewith, by tbe 5th proposition of plane triangles it is 
found to be 

When this is subtraeted from tbe angle ACD = 2°26' (the first in 

279 

2°26' 
4°30' 

175°30' 

108,718 

25' 

the list), there is left for tbe angle ACF 2°1'. 
And tbis, aeeording to PtoJemy's tbeory, must be tbe amount of Saturn's latitude 

when it is at the epieycle's apogee F, with the epicycle's eentre at its deferent's 
apogee D. But aeeording to tbe use of tbe above-mentioned tables it is tben 
without latitude 3), owing to whieh these tables differ so mueh from the theory. 

And when we do the same on tbe other side, when Saturn is at the epicycle's 
apogee I, its latitude will be found to be 1°58', whereas aeeording to the tables 
it is found without latitude, 50 that, in aeeordanee with what I had intended 
to explain, Ptolemy' stabie of Saturn's motion in latitude seems not to be 
sufficiently in agreement witb his tbeories 4). Aó.d tbe same is also to be 
understood for the tables and theories eoneerning the Planets Jupiter and Mars. 
But the amounts of these latitudes on tbe theory of a moving Eartb are evident 
from the 2Sth proposition of tbe 3rd book. 

3rd SECTION. 

In the 1st seetion it has been said that Ptolemy was not far from tbe true 
theory in assuming tbe epicycles of the three upper Planets to remain always 
nearly parallel to the ecliptie, but he did not sueeeed as weIl with tbe two lower 
Planets, for whieh he eould not deduee from his observational experienees the 
same kind of theory as he had done foi: the three upper Planets. The chief 
eause that prevented him from doing so seems to be of a twofold nature, 
the first being as follows. What he ealled Mercury's epicycle (and used as sueh) 
was not so by the lst proposition of the present Supplement, but mueh smaller 
than it ought to be, 50 that when, testing it, he assumed tbis to remain always 
nearly parallel to the ecliptie, as he did witb the epicycles of the three upper 
Planets, this did not agree witb tbe experienees, beeause it was the otber greater 
circle that ought to be taken for it. The other eause, to wit, tbe one that made 
him deduee the oseillation of the deferent and take tbe line of nodes on the 
wrong side, seems to have been as follows. He imagined all tbe interseetions of 
the deferents and the ecliptic to pass through tbe Eartb. For example, he thought 

1) Page 270 . 
B) This value is not found in the 13th proposition. Compare footnote to page 26g. 
8) ') Stevin is wrong here, because he overlooks Ptolemy's remark that befare enter

ing the table of the sixtieths the argument has to be increased by 50° (for Saturn; de
creased by 20° for Jupiter). 
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daet daer buytaun N (we1vedlaende dat D N evcn geteyckent is an D q met 
[00 veel breede als verQirfaeckt WOrt deur de verheyt van C tot N, welcke mif· 
gri;ping hem heeft doë des inrontwe,hs waggeling verfieren , die befcbreven 
is int a Udt van Mercurius breede achter bet a, voodlel des 3 bou,.! • 

... LID T. 
. . '. 

Maer angeCltn Pioltmt1l4de voorfchreven waggeJing des Dwaelders van C 
tot N,fe~e deur ervaring in Mercurius bevonde IC hebben van 45 0, foo ful. 
lé wy nuonderfouckë hoe fukx hier meovereencQmt :Tot dien einde j(.gh ick 
dat de velheyt van C tOt N , angheweCen wort mette lini N R inde form des 
3 lidts van Mercurius loop achter het 25 voorfieldes 3. bouex, diens langde ick 
aldus yinde :De driehouck ~ R heeft drie bekende pale , te weten dë houck 
N Q! 5 tr. 3 ~ CD , als even fijnde meI 0 Q!. 5 tr. 3a 0 deur desvoorfehre\'é 
31idls vierde in d'oit.:ien, ~ 1 364-deur des felfden lidts vijfdein d'oirden.en 
dèn bouck ~ R recht: Hier me ghefocht de )iniN R, wort bevonden deur 
het ... v09rfiel der platte driebouckeri van 13a. 

Ey aldien my PIO!tV/tus \'crclaen haade, tot wat p)aets de Son was ten tijde· 
van fijn dadelicke ervaringë doen by de afweging van 45 0 \'andr, warr deus: 
ons met fiellingeens roerenden Eeric)oolsbekent foude fijn des felven Eert
dOOlS plaeisJoo mochlen wy na die o\'ereencommingen met meerder feker-: 
heyt uachlcn,maer dat uiet ghefchiet lijnde, wy rullen de twee uyterfie afwijc
kingheil (ou eken om te lien ofterde 45 Q) oock tuifchenvallen,als volght: 

Doende de lini N R aIS vooren 13 2)en dalmen daeran vervough t na de ma-. 
Dier des.i.s voorfiels iiu 3 bouckde me~fie verheyt .van Mercurius lolten Eert., 
eloor,doende deur dc Byeenvougingd,es ·13 voodlc1s vant 3 bouek I4,SI9, foo 
wort deur de gemeene regel des {elfden 2jvoorfiels Mercuriu~b~eedc daer me . 
bevonden van 310: Maer van IIr.U ® op deminficvcrheytS48I,luffchen 
welcke 1 1r.:U 0 en 31 0, de bo\'efchreven 45 0 der el\'aring fijn. Soo nu 
bekentwaer de lini van den Eerrc)oot tot Mercurius ten tijde der ervaring, më 
foude als gcfeyt is van defe overeencommirig nocheygentlicker connë fprcké • 

. Angaendc Venus afweging welckc PIO!tflltll4 fiell op 100, die {oude na de 
voorgacode wi;fc van Mercurius _ten deenfien bevonden worden van 200: 
Wattc:r cygheD tlick afis , daer foudcmen deur niCllwe dadclicke ga1laginghcn 
nauWcrI af,ónnCD o(!)Idce)eD. .. 

BESLVYT DES 
13REEDELOOPS~ 

. T~t hiel: '(Je Juanc!è breedeloOp' do: \'ijfDwaelde~ Satumll$,Jupiter,Mars. 
Ve.oo$enl MCJQJrins,bcfchreven t'gbeDekk ~oormy ghenomenhadde , waet 
me ick,(l.QCkmeync dc felve niet DltCI voor {co cenoJlbekcnt roerfel behoQ. 
ren ~Jll~Il.te worden gbelijckmt:n ghedaen heeft, als blijckcnde deur des 
lertclOOf$JoopJulckcverfcheydenbcden nootfakelick te moeten vallen, CD . 
dek Vwadder~hemd ClCnvoude1iokte dracyen ópbaer as , fonder dal men be
hoWjtenidJ~atuc;tlick loerlèl daer by te verfierC'n ;en.daimen al die voor
gac:~djtJli1righo~~g falmoghCI1 verlaten, <105k met oiIfakelic:ker 
lwlniUiQbvooaatmbez al oáfcncn. . . 
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that the deferent DE, which in the figure of the 5th proposition of the present 
Supplement really intersects the ecliptic in M, passes through the fixed Earth C, 
and when he based his calculations thereon, it followed that when he thought 
the epicycle's centre had moved from D to C, and then ought to be in the 
ecliptic AB, without any latitude, in actual fact he found it outside, at N (it 
being understood that DN has been drawn to beequal to DG), with so much 
latitude as is caused by the distance from C to Nj this misconception made him 
imagine the deferent's oscillation, described in the 2nd section of Mercury's 
latitude, af ter the 25th proposition of the 3rd book. 

4th SECfION. 

But since Ptolemy said that for Mercury he had found the aforesaid oscillation 
. of the Planet from C to N by experience to be 45', we will now examine how 

this agrees therewith. To this end I say that the distance from C to N is denoted 
by the line NR in the figure of the 3rd section of Mercury's motion, af ter the 
25th proposition of the 3rd book, whose length I find as follows. The triangle 
QNR has three known terms, to wit, the angle NQR = 5°32', as being equal 
to OQL = 5°32', by the fourth in the list of the aforesaid 3rd section, QN = 
1,364 by the fifth in the list of the said section, and the angle QNR being a 
right angle. When the line NR is sought therewith, by the 4th proposition of 
plane triangles it is found to be 132. 

If Ptolemy had told me at what place the Sun was at the time of his practical 
experiences, when he found the deviation of 45', from which on the theory of 
a moving Earth we should know the place of the said Earth, we might try with 
greater certainty to find those correspondences, but since this has not happened, 
we have to seek the two extreme deviations, to see whether the 45' fall in between, 
as follows: When the line NR makes, as above, 132 and to this is added, af ter 
the manner of the 25th proposition in the 3rd book, the greatest distance from 
Mercury to the Earth, which by the Compilation of the 13th proposition of the 3rd 
book makes 14,519, by the common rule of the said 25th proposition Mercury's 
latitude is therewith found to be 31'. But this would be found to be 1 °21' at 
the smallest distance 5,481, and between this 1 °21' and 31' lie the aforesaid 
45' of the experience. If now the line from· the Earth to Mercury at the time 
of the experience were known, it would be possible, as has been said, to speak 
more truly of this correspondence. 

As to Venus' deviation, which Ptolemy takes to be 10', by the foregoing 
method for Mercury this would be found to be at least 20', The true state 
of affairs might be judged more accurately by means of new practical experiences. 

CONCLUSION OF THE MOTION IN LATITUDE. 

Up to this point that part of the motion in latitude of the five Planets Saturn, 
Jupiter, Mars, Venus, and Mercury which I had intended has been described, 
and therefore lamalso of opinion that this should no longer be considered such 
an unknown motion as it has been done, since it appears that from the Earth's 
motion such differences are inevitable, and that the Heaven of each Planet simply 
turns about its axis, without our having to invent any unnatural motion, and that 
all the foregoing time-devouring complications can be abindoned, and the 
matter can henceforth be practised with better knowledge of the causes. 
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A NHA NG·H 
DES HEMEL LOOPS 

V A N DER· D W A E L DER S 
onbekende roerfels byP lolemeus gage~ . 

flagen : En vande fpieghelingen hy 
hem co Co!erllkll4 dacr uyt· 

bcfchrc"co. .. 
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APPENDIX 

TO TRE REA VENL Y MOTIONS 

OF THE PLANETS' UNKNOWN MOTIONS 

observed by Ptolemy; and the Theories 

derived therefrom by him and Copernicus 

SUMMAR Y OF THIS APPENDIX 

283 

Af ter the description of the Heavenly Motions on the assumption of a fixed 
Earth had come into the hands of Ptolemy, in the simple form in which it has 
been set forth in the foregoing, he very industriously observed and investigated 
the Planets' positions and motions, so as to see in how far they agreed therewith. 
The description of the motion of the Sun (which HiPparchus doubted) appeared 
to him to be correct, but not that of the other six Planets, for though their mean motion 
accorded weIl enough in a very long time, yet he was of opinion that there 
was some difference in the separate revolutions, so that he described his theory 
about this and combined it with the aforesaid simple motion on the assumption 
of a fixed Earth. And a similar combination was also made thereafter by 
CoperniclIs for his theory on the assumption of a moving Earth. But because 
the positions of the Planets observed thereafter are not found to agree with those 
rules, so that those motions still seem unknown, I have separated them again 
from the known motions in the foregoing, on one as weU as the other assumption. 
But in order that the reader might know more truly of what nature those separated 
additions were, for this reason as weIl as for others, which have been set forth 
more fuUy in the foregoing, this Appendix has been made about them. It is to 
comprise thirteen propositions,seven of them relating to the theory added by 
Ptolemy, to wit, the first five of the Moon, the sixth of Saturn, Jupiter, Mars, 
and Venus, the seventh of Mercury. The ()ther five relate to the theory added by 
Copernicus, to wit, the Sth of the Moon, the 9th of Saturn, Jupiter, and Mars. 
The 10th of Venus. The llth and 12th of Mercury. The 13th is an account of 
the stars' unknown motions and the ediptic's unknown deviation from the 
equator. 
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Ut ANHANGH VANDER DVVAELDERS 

EER.ST PTOLEM EVS BTGHE
'iJougháe /piCJ,heûng des D",aelders met 

fI,umg eeT/s 'VaRe" Eert,~ots. 

* VOORSTEL. 

Wefende een Dvvaelder geftelt in eenuytmiddelpun .. 
tichront, of anders in een inton t diés halfm iddellij neven 
isan defe uytmiddelpuntichrönts uytmiddelpunticheyt
lijn, en dat inront in een middelpuntichront, even in 
grootheyten Ioopant uytmiddelpuntich,en des Dvvael
dersloopintinrontghelijckinetten loop des inronts int 
middelpuntichront, doch op een verkeerde fijde: Die 
tvvee ftellinghen ghevenden Dvvaeldereen felve plaets. 

Angbdien de ftelling der Maeo in êen uytmiddelpuntighè wech na de ma. 
nier inde: voOigaende tWee boiJcken befchrt.vctl, en vblghens t'ghene inde na. 
!lxr Khijbt te beftaen ,heur de felvè plaètsgbccft diefe aijêhtn1et een middel. 
puntich inront op de wijfe defes voorfteIs. die P'otemtIN vercoos opt fijn gh~ 
vonden tweede oneventhedcn bcquämelicker te verclaren , en dat kk de felvè 
onev.enthedcri hiei befchrÎjven wil,foo hctfi my vougbelick ghcdocbt eerft re 
bewijfeo (gbelijck Ploltmtll4 oock gedaen hteft lilt j HoofdUck fijns 4 bOllO) 
ruleke twee delliDgen alfoo te oVer(Omlilèn, t'wdck d'óidàtck iSdcr bcfchrij-

. vinghen van dit voorfielloldefC plaels. . . 
. T'G HEG H E VEN. Laet voor eerfie fielling het uyrmiddeJpuotichronE 
ABC de Dwaelderwech beteyckcnen ,diens middel pUnt D • en E den vallen 
Eèrtcloót,t·punt Afy derl Dwaclde:t teileerl\en ant verftepunr,welckedaer na 
gbedaen bcbbe Ccn loop van A tot B,datsOOck den bouek A D B. 

Laet DU vOOI tweede delling op E als middelpunt, bcfèhreven worden het. 
IlÜddelpund,btont F G 11 f evenao ABC, en op F mette halfmiddellijn PA 

(die even moet vallen met E D) her inrolJt 
A r,diEs vèrftepJ,lnt A. daer na fy het inioom 
,A 1 trtiddèlplirlt F gheêommeh an G, fula: 
dat fijn loop F G,ofhouCk F E G, even fyan. 
den loop der eerfier fielling A DB, en het 

. inront bcfchrevéopt middelpunt G, fy B K. 
waer in van E deur G 8hetrocken fy E G K. 

. fOó dat K des inronts vcrllcpunt beteyckent. 
van t'wcld: den Dwaeldcr daerentufièhen... 
sbeloopen heb na B (tegen d' eerfie loop van 
F ha G) een booch ghelijck mer F G) of an· 
dersgefeyt ful(1 dat den bouek begrepen tuf. 
fchen de lini K G .en de lini van G na B tot 
inden omued: des inronts, welde lini men 

aijchttlc:ckendc: vàn Geen evcwijdeghe mctEF. TB E GHIERDE. W'I 
IltOCtal bcwijfen dat dé Dwaelder in dcfe tweede ftelling int fdve punt B valt. 

di" 
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FIRST THE THEOR Y OF THE PLANETS, 

ADDED BY PTOLEMY, ON THE ASSUMPTION 

OF A FIXED EARTH 

lst PROPOSITION. 

285 

When a Planet is placed on an eccentric' circle or ° otherwise on an epicycae 
whose semi-diameter is equal to the line of eccentricity of this eccentric circle, 
while that epicycle is on a centric 1) circle, equal in magnitude and motion to the 
eccentric circle, and the Planet' s motion on the epicycle is equal to the motion of 
the epicycle on the centric circle, but in an opposite direction, those two locations 
give the Planet the same place. ° 

Since the location of the Moon in an eccentric orbit, af ter the manner described 
in .the foregoing two books and in accordance with what seems to °exist in nature, 
gives it the same position it gets with a centric epicycle 2) in the manner of the 
present proposition, which Ptolemy chose in order to explain more conveniently 
the second inequalities found by him, and since I here wish to describe these 
inequalities, it seemed appropriate to me first to prove (as Ptolemy has also 
done in the 5th Chapter of his 4th book) that these two locations agree, which 
is the cause of the descriptions of this proposition in this place. ° 

SUPPOSITION. For the first location let the eccentric circle ABC denote the 
Planet's orbit, its centre being D, and E the fixed Earth; let the point A be the 
Planet first at the apogee, which thereafter shall have moved from A to B, 
that is also the angle ADB. 

Now for the second location let there be described about E as centre 
the centric circle FGH, equal to ABC, and about F with the semi-diameter FA (which 
has to be equal to ED) the epicycle Al, its apogee being A. Thereafter let the 
centre F of the epicycle AI have reached G, so that its motion FG, or the angle 
FEG, be equal to the motion of ADB in the first location. And let the epicycle 
described about the centre G be BK, in which let there be drawn from E 
through G the line EGK, 50 that K denotes the epicycle's apogee, from which 
let the Planet meanwhile have moved to B (contrary to the first motion from F to G) 
through an arc equal to FG, or, in other words, equal to the angle contained between 
the line KG and the line from G to B as far as the circumference of the epicycle, 
which line is obtained by drawing from G a line parallel to EP. WHAT IS 
REQUIRED. We have to prove that in this second location the Planet faUs 

1) As contrasted with an eccentric circle. 
D) Meaning an epicycle whose centre describes a centrÎc circle. 
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ONB EKEN DB ROE R.SELS. 
dacr hy in d'eerllc ftelling was. TB E WY s. Anghèfien D.B, EGtWee even 
en evewijdeghe halfmiddelJijnen fijn, ruifchen welcke E D conu;e.n dat de lini 
van G na B even en evewijdeghe met E D is, deur t'gegeven/oQ moet de form 
begrepen tmfchen de vier linien B D, D E,E G, en de lini van G na B cvewij· 
dcghe met E D,datsde form B DE Geen * e-vewijdkh vicrhouck fijn,en ver· ParaUtlo. 
volghens t'punt B, te weten den Dwaclder ,is foo wel uyterfie der Iini G Bintgrammum, 
inront K B na d'eerfie fielling, als uyterfie der lini DB illl uytmiddeJpuntich-

. wnt A B na d' eerfie fielling, en vervolgens den DwaeJder gefien vanden Eert-
cloot E aD Bint inront fonder uytmiddelpuntichront ,of an Bint uytmiddel· 
. pumichrotlt fonder inrom, het is hem al tOt een fclve plaets ghefien. T' B E-
S L V Y T; Wefende dan een Dwae1der ghefielt &c. . 

MER C K T.· 

Hoewel defe manierde Manens ware plaets oock anwijLl,foo fchijnt noch
tans datmenfe niet en behoort re ghebruycken , eenrdeeJs om dat hacr duyfict 
plecken die altijt na den E ertcloot ghekcert fiac·n , betuyghcn datfe in geen in-

· ion ten draeyt ; ten anderen om datmen met meer hafpeling twee ronden fielt 
daert dèur een can ghedaen worden: En daerom is by Ptolemtm int fiellen des· 

.. Sonloöps,en by Coptrnicfld des Eenclootloops, met reden her u}'tmiddeJpun .. 
tichront vercoren , t'weJck PtolemtllJ int fiellen des Maenloopsooek roude ge· 
nórnen hebben; ten waer dat ,foo hy feght intj Hooftfiickfijns 4 boucx, de 
11elIingdes inroms hem bequamer viel om daeI deur fijn voornemen del na-

· volg~endetweede oneventheden teverclai:en •. 

lVOORSTF..L. 

Te verdaren d'óirfaeck die P tolemeuJ be ITveeghde tOt
tetonderfoucken van fijn tvvecde oneventheden der 

· Maen, me-tfgadCrsdeghëdaèrite. vanfij n byghevou ghde . 
· f pieghding in t ghemeen. . . ... 

Alfoo PI81emellJ ghcduerlick en ker ernfielickgaflouch de Manens fchijn
baeI duyflcracdangden,heeft dickwils bevonden die te verfchillen roette rege
len hier vooren befchreven, en hem van fijn voorganghers naghelalen, welck 

··hy d'eeifie.oneventheden noemt, fulcx~dat hy daer af na fijn goctdllnckenver
heteringghedáen hCefr, ende een tWeede onevenheyt daer by vervought. Om 

· hieráffijri rneynirig·teverc1aren ick fegb aldus: Hy heeft bevonden ruit haer 
uyïcrikvoorofachtringhen in faminghen en tegellanden der Son altijt waren 
van 5 fr. ghelijck int 30 voorfieldes :& boucx d'eerfie oneventheyt mebrengt, 
maer daer buyten vic1der'verandering·, en dat ten grootfieri invierdefchijn,al
waerfc conde vallen van 7 tr. 40@,datsl tr. 400 meer als d'ahder,en fao veel 
mochte int oirdeel der toccommende Maenplaedèri feyl vallen, alfmë int re
kenen alleenelick fach na d'eerfie oneventheyt. Om nu te verclaren d'oirfaeck 
die hyfielt van dit verfchil,.foo is voorahe weten dat hy totte bequaemfie uyt
legging fijns voornemens (gbcJjjck hy feght int j Hoofdlick fijns 4 boucx) cer
flclick ghenomen heeft de fie.1ling der Maen niet in een uytmiddelpuntighe 
wech, ghelijck wy die hier vooren befchreven hebben, maer in een * middel· ~OllmitT~. 
puntichinronr, dat iste loopen in een inront, en ffeIve in eenmiddclpuntighe r",clo. 
wc:ch,na de manier befchleven inti voorftel defes Anhangs.· . 

. .. ... ..... .' . ·~f· Laet 
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in the same point B where it was in the first location. PROOF. Since DB and EG 
are two equal and parallel semi-diameters, between which ED comes, and since 
the line from G to B is equal and parallel to ED, by the supposition, the figure 
contained between the four lines BD, DE, EG, and the line from G to B parallel 
to ED, i.e. the figure BDEG, must bea parallelogram, and consequently the 
point B, to wit, the Plan et, is the extremity of the line G B on the epicycle KB 
according to the second 1) location as weIl as the extremity of the line DB on 
the eccentric circle AB according to the first .1ocation, and consequently 
whether the Planet is seen from the Earth E at B on the epicycle without eccentric 
circle or at B on the eccentric circle without epicycle, it is always seen in the 
same place. CONCLUSION. When therefore a Planet is placed, etc. 

NOTE. 

Although this method also indicates the Moon's true position, nevertheless 
it seems it ought not to. be used, in the first place because the Moon's obscure 
portions, which are always turned towards the Earth, show that it does not revolve 
in an epicycle, secondly because it is a greater complication to assume two circles 
if it can be done with one. And for this reason, when Ptolemy framed the theory 
of the Sun's motion and Coperniclis that of the Earth's motion, the eccentric 
circle was rightly chosen, which Ptolemy would also have taken. when framing 
the theory of the Moon's motion if it were not for the fact, which he mentions 
in the 5th Chapter of his 4th book, that the assumption of the epicycle was 
more convenient to him for explaining by this means his intention with regard 
to the subsequent second inequalities. . 

[The propositions 2 - 5, not reprodllced here, concern the Moon's motion] 

1) For eerste in the Dutch text read tweede. 
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o N B E IC END a Jl 0 E a. 5 E L S'!J"P . 
De driehouck EB F beeft drie bekendepalcn. te wctt:il E B41 d~el 

.u CD eerfteind'oirdcn, EF lodcel J9CD dcnlhet 3 vOOIfieldc
fes Anhangs,tn de houdt BEF 89 tr, 300 • als halfrontfchil des 

. gegeven honexD EB~·tr. 30(9: Hier me ghefocht den holi<:k 
EB F , WOrt ·bcvondcn deur het 6 voodlel der platte dIiehouc. 
ken van . Utr. I. 

Vaóde boochH I G Kdoendedeort'bereylrcl3H rr.1.i Q),getroc-
ken debooch H G 180n, blijft deboochG K, ofhouckGB K Ijltr; I:t. 

Daerloe den houck E B F Ja tr.l CD tweede in d'oirden,comt voor 
den houck E B K 16.1 trol 3. 

De driehouck E B K heefl drie bekende palen, te weten den hóuck 
EB K 165 tr.13 0 vierde in d'oirde. EB 48 deel 31(9 eerfiein 
d'oirden, en des inronts half middellijn BK 5 deelen J j 0 : Hier 
me gheCocht den begheerden houcl~ der voordering B EK, wort 
bevonden deur het 6 voorfiel der platte driehoucken van I tr. 
250,latetfijn . . .. ltr.z6. 

1" BE S L V Y T. Wy hebben dan ghevonden op. eenghcgeventijt de M~nens 
voorofachuing,deur wercking gegront op fielling van Plo/emem ~ygevough . .;· 
de fpiegheling, na den eyCch. 

VI.R VOL G H. 

Deur dit vinden der voorofachtring is openbaer hoe bekent fal worden de 
Manens fchijnbaerduy!1eraerlangde op een ghegeven tijt, want totte Middel-. 
manens duyfteraerlangde vervought de voorofachuing men heefi (begeerde. 
Merckr noch dat deur Plo/emem en anderen verfcheyden tafels ghemaeél: fijn, 
om met lichricheyt re vinden t'ghene hiel boven deur rekeninghen der platte 
driehoueken met meerder moeyle ghevonden wort, we1cke tafels wy hier on
beCchreven laten, als totte kennis vande gedaente defeI tweede oneventheden 
ofbyghevoughde fpicgheling der Maen van Plolemell4 niet voorderliclc. Dit 
dan l'ghene fijnde t'welck wy vande felve tweede onevenlheden voorgheno
men hadden te Cegghen, Cullen nu commen tot fijn onbekende oneventbeden 
van d'ander Dwae1deIS. 

6 VOO R ST EL. 

.. Te verdareJ.'lde fOInmc.van Ptolem.em byghevoughde . 
fpieghelin g des larigçleIoops van Sa turn us, Iupiter, Mars 
en Venus. . 

Anghemerckt wy deCer Dwaelders eenvoudighe loop ghelIjckfe Plo!nnell4 
ter handt quam voor bekent nemen,als int eer!1e en tweede bouek befchreven 
fijnde,foo Cal t'verclaren van fijn byvouging biet cort en licht vallen. 

Voor al is te weten dat hydefer vier Dwae1dcrs fchijnbaer duyfteraerlang
den, in faminghen en tegheftanden da Midde1Con als des inronts mjddeIpunt 
W3san fijn wechs vedlepunt of nadlcpunt,ahijt bcvantghe1ijck me brixht de 
rekening des eenvoudighcn loops Coofe hem cerft ter handt ghecommen was, 
wan t hy in yder Dwaeldcr op Culcke ftelliog vant en berekende de langde der 
nytmiddelpumicheytlijn;en desinrontshalfiniddellijn, maerdaet buylen viel· 
der verandaing. .. .... .... 

Om dan 
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6th PROPOSITION. 

To expound the sum of the theory of the motion In longitude of Satuen, 
Jupiter, Mars, and Venus, added by Ptolemy. 

Since we assume the simple motion of these Planets, as it was handed down 
to Ptolemy, to be known, as having been desccibed in the first and the second 
book, the explanation of his addition will here be short and easy. 

First of all it is to be noted that he always found the apparent ecliptical 
longitudes of these four planets, in conjunctions with and oppositions to the 
Mean Sun, when the epicycle's centre was at its deferent's apogee or perigee, 
to be as resulted from the calculation of the simple motion as it had first been 
handed down to him; for he found and calculated for each Planet, in such a 
location, the length of the line of eccentricity and of the epicycle's semi-diameter; 
but for other points he found differences. 
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~4J A N H A N G V A N D J! R D VV A B L DER. S 
Om dan totte rae~e te commeo laet ABC D den inrolltswech fijn, diens 

middel punt E. verftepunt A,uytmiddelpuntichpunt of den Eertdoot F,des in .. 
IOots middelpunt B, mer op bcfcbreven is het inront G Hl I<,daer na van E en 
F deur B ghetrocken fijndede twee rc~te linien E L. ~ K. fy fnyen h~t inr~nt 
in H en I fOo datH ist'naeftcpunt,K t velftepunt. 1 nuddeloaeftepuot,L mld
delverftepunt : V OOIt neem ick dat den Dwaelder na uytwijfen der rekening· 
des tweeden boua,dat is volghensden eenvoudigen loop rook 1'1mTllt114 eerft 

c 

ter handrquam,moelt {ijnAnG, 1bodàt fijn innmts middellangde L Gdoet 
JjO tr. en fijn fchijnbaer verheyt van t'verLlepunt A ghefien uyt den Eertdo()c 
F. roude hebben moeten fijn den houck A P G : Maer hy bevant fulckë houek 
met ter daet decoder, als neem iek A F M~inder voughen dat den Dwaelder iot 
inront wefentlick was an M,en niet volghens de rekening an G. 

Hier uyt heeft hyaldus gedocht, nàdien vanden DwaeJder tottet middelver
ftepunt moet wefen I jO tr. gelijekeerfi ge fielt wien de booch L G,en dat den 
Dwaelder in tinront Coo veel voorder is dan G ,als van G tot M , Coo moet het 
middeJverfiepunt oock even fao veel voorder fijn van t, t'Welck fy an N, en 
hiermelsN M van isotr.ghelijckLG. 

Nu dan N ghenomen fijnde aIs voor middclverltepunt, van daermen des 
DwaeJders middelloop begin t te tellen. hy heeft van N deur B gheuocken een 
Iechte lini fnyende de middeJJijn A C in 0: Heeft daer na ghefocht hoe land:: 
de lini E 0 viel, cn wan talie noOOge palen hem daer toe bekent waren,hecftfc 
even bevonden met EF,en dat niet alleen in dit VOOlbeelt, maa in allen ande. 

rCD 
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Therefore, to come to the matter, let ABCD be the deferent, its centre being 
E, its apogee A, the point of eccentricity or the Earth F, the epicycle's centre B, 
about which has been described the epicycle GHIK. If thereafter from E and F 
through B there are drawn the two straight lines EL, FK, they intersect the 
epicycle in Hand I, so that H is the perigee, K the apogee, I the mean perigee, 
L the mean apogee. Further I assume that, as shown by the calculation of the 
second book, i.e. according to the simple motion as it wg,s first handed down to 
Ptolemy, the Planet should be at G, so that its epicycle's mean longitude LG 
makes 150°, while its apparent distance from the apogee A, as seen from the 
Earth F, ought to have been the angle AFG. But he found this angle in reality 
to be smaller - I take AFM - so that the Planet on the epieycle was in reality 
at Mand not, as according to the calculation, at G. 

From this he concluded as follows: Since from the Planet to the mean apogee 
there must be 150°, as the arc LG was first assumed tó be, and since the Planet 
on the epicycle is as much in advance of G as the di stance from G to M, the 
mean apogee must also be as much in advance of L,' let this be N, then herewith 
NM is 150°, like LG . 

. If therefore N is assumed to be the mean apogee, from which we begin 
to count the Planet's mean motion, Ptolemy drew from N through B a straight 
line intersecting the diameter AC in O. Thereafter he sought the length of the 
line EO, and because all the necessary terms were known to him, he found it to 
be equal to EF, such not only in the present example, but in all others, in whatever 



- 298 -

o NB! ICS N D! II 0 E R. SEt S. 94~ 
ren tOt\v:at plaetshet inroDlsmiddelpuiu in fijn wcch, en den Dwaelder int 
inront wefen mochten: Sulcxdat hy hier afwillende fijn fpiegheling befchriF 
ven,heeft 0 genoemt het * oneveilhcyls punt, an t'welck genomen fijnde het PWJ8,.". 
oogh geOelt te wefen , men liet hel inrontsmiddelpunt B indeninrootswech ;""'1/UJ/;/';

ABCD,endenDwaelder an G oirdentli~k draeyen, waer uyt volght de~:rbatbim 
voomomde twee punten B en M onoirdenthck te draeyen ghefien uyt des in. mmam 
roill\vechs middelpunt E, of anders gcfeyt dattet inroms middelpunt B in lijn IttJ11lII1fili 
wech,en den Dwac1dcr Mint inrom, d'een tijt ra(fcher als d'ander moetë 100. 
pen,leghen de gbemeene natuerlicke oirden, en volghens fulcke ftelIing ghe. 
vonden werende der Dwaelders voorofachtringen ,en fchijnbaer duyfteraer. 
langde, foo beftaet hier in Ploltmt114 voolfchreven vondt en fpiegeling die hy 
vermengt heefl by den loop hem van fijn voorgangers ter handt gecommen~ 

.. T'B E SL Vy 1'. Wy hebbëdan verclaerrde fomme van PloltmtN4bygevough
de fpieghcling des langdeJo0l's van Saturnus, Jupiler, Marsen Venus, naden 
eyfch. . 

. . . . 

7 VOO R ST EL • 

.. Te vërdarende l'ornrrievanPto/emeu.r byghevoughde 
. fpiegheling des langdeloops van Mercurius. 

Alfco PloltmtN4 dlckwils gaflouch Mercurius plaedèn, en daer benevens 
noch acht nam op de gaflaginghen lij nder voorganghers , heeft bevonden dat 
hy in deken keertweemael [en nadien byden Eertcloot quam (ghelljckde 
Maen, die in elek Maenfehijn na fijn fegghen tweemael ten naeften comt) het 
welcke t'elckens ghebeurde doen lijn imoots middelpunt fchijnbaerlkk was 
120 tr, over weder fijden vant fehi;nbacr verftepuDt,dat hy bevant in des duy. 
fleraers 190tr. D'oirfaeek hier afftelde hy te wefen danet iDIOots middelpunt 
totte twee voorfchrcven plaetfen altijt den Eertcloot ten naeften was. Dit 
int ghemeen ghefeyt fijnde, wy fullen nu totte bef onder vcrelaring van fijn 
Dlelningcomrnen. . 

Laetin de volgende cerAe form A 13 C D de wcc:h des Inronts 6j n,difs mid
delpunt is E, verftepunt A, uytmiddelpunticheytpunt of den Eertcloot F J des 
imoms middelpunt A. waer op befchrevë is het inront G HIK, diens verfte· 
punt G, naenepuDt I , VOOrt f1 Mercurius ant verftepunt G, en dit aUes ghe. 
nomen na den eenvoudigen loop foofe PIDkmtN4 tel! bandt quam, en befchre
ven is int 1 bouek, met welcke gheftalt PloiemeNcl gbeen feyl en vandt; want 
hier me heeft hy int 8 HooftiUek fijns 9 boucx ,hefocht de reden der uytmid· 
delpuntich~tlijn; en des iDIonts halfmiddellijn tot des inrontwechs halfmid
dellii n : Maer Mercurius buyten des inIonts vcrftcpunt of naeftcpunt wefc:n
de,of des iluonts middel punt bUylen fij n wee hs verftcpunt of naeftepunt, foo 
vielder verfehil, t'welck PID/tflltll4 na verfcheyden tarunghen en onderfouckln .. 
ghen int 9 Hoofdlick fijns9 bouelt verbcterde,cn in form van fpieghelinl§ 
brocht als volght: Hy heefr opt middelpunt Edes wechs in dere geftalt lijride, 
bef eh reven ccn rondeken L M N, fnyende A C in L en N , werende ,des {elf. 
den rondekens halfmiddellijnE N den helft deruytmiddelpunticbeytlijn EF, 
hier in heeft hy t'punt L anghe(jen als voor middelpunt des inrontwechs, /loc 
wel het in deesform eyghentlick E is, en, ([elve middelpunt L ghefeyt te 
draeyèn i,Uiondeken van L tCië het vervolgh der uappé na M,dQCIldedacrin 

ccn 
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place thè epicycle's centre might be on its deferent and the Planet on the epicyck 
Thus, wishing to describe hereof his theory, he called 0 the point of inequality; 
and if the eye is tàken to be situated in this point, the epicycle's centre B is seen 
to move regularly on the deferent ABCD and the Planet to move regularly at C, 
from which it follows that the aforesaid two points Band Mare seen from the 
deferent's centre E to move irregularly or, in other words, that the epicycle's centre 
B on its deferent and the Planet M on the epicycle must move faster at one time 
than at another, contrary to the common naturalorder of things; and when 
according to this assumption the Planets' advanee-or-Iag and apparent ecliptical 
longitudes are found, this constitutes Ptolemy' s aforesaid discovery and theory, 
which he eombined with the motion that was handed down to him by his 
predecessors. CONCLUSION. We have thus expounded the sum of the theory 
of the motion in longitude of Saturn, Jupiter, Mars, and Venus, added by 
Ptolemy; as required. 

7th PROPOSITION. 

To expound the sum of the theory of the motion In longitude of Mercury, 
added by Ptolemy. 

Since Ptolemy frequently observed Mercury's positions, and in addition also 
noted the observations of his predecessors, he found that twice in each revolution 
it eame as near as possible to the Earth (just as the Moon, which aecording to him 
comes as near as possible twiee in each lunation), which happened whenever its 
epicycle's centre was apparently at 1200 on either side of the apparent apogee, 
which he found to be at 1900 of the ecliptic. He assumed that the cause of this 
was that the epicycle's centre was always as near as possible to the Earth in the 
two aforesaid plaees. This having been said in a general way, we shall now 
come to the separate exposition of his view. . 

In the subsequent first figure let ABCD be the deferent, whose centre' is E, 
its apogee A, the point of eccentricity or the Earth P, the epicycle's centre A, 
about which has been described the epicycle CHIK, whose apogee shall be C, 
its perigee J. Further let Mercury be at the apogee G, all this being taken according 
to the simple motion as it was handed down to Ptolemy and has been described 
in the 2nd book. With this disposition Ptolemy found no fault, for herewith he 
sought in the 8th Chapter of his 9th book the ratio of the line of eccentricity, 
and of the epicycle's semi-diameter, to the deferent's semi-diameter. But when 
Mercury was outside the epicycle's apogee or perigee, or the epicycle's centre was 
outside its deferent's apogee or perigee, there was a difference, which Ptolemy 
af ter several tentative efforts and investigations corrected in the 9th Chapter 
of his 9th book and cast into the form of a theory, as follows. About the centre E 
of the deferent in this disposition he described a small eircle LMN, intersecting 
AC in Land N, the semi-diameter of this small circle EN being one half of the 
line of eccentricity EP; in this he took the point L for the centre of the deferent, 
though in this fjgure it is really E, and said that this centre L moved on the small 
circle from L, against the order of the degrees, to M, performing therein one 
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J FORM. 

G 

C 

ccn keel. op den fclven tijt dattet inronts middelpunt' in fijnwcch een keèz: 
doet. op d'ander fijde na r'vervolghder trappen, dats ~D A na B • en alfoomct 

. hem droghendeden heelen inrontwech. 
Maer anghefien A L hier genomen is voor wechs half middellijn defer by

gevoughde fpiegeUng van Ploltmtw,foomoct des felven wechs ómtreck eleen
der fijn dan ABC D na fteUing des eenvoudighen loops foofe Plo/tmtw tet 
'handt quam,dacrom Jact ons op 1 als middelpunt befchrijven den inrontwech 
der fpieghelingvan PlolemtIIJ A 0 P: En hoe wel die nu c1eender is dan d'eer
fic~ foo blijft hier nochtans de verheyt vandë EertcIoot F tot A de felve,en ver
volghens foo bJijftoock des inronts grijphouck de fel ve: En als des wechs mid
delpuilt L ghecommen fal fijn van Lover M: tot N,fqo fal volghens dit geftel
de des iDIonts middelpunt A ghecommen fijn over d'ander fijde an C, en 1àl 
alfdan de verheyt \'ànden Eertcloot F • tot des inronts middelpunt ,en vervol
gbeos dès inronts grijphouckoock de fel ve fijn als na de eenvoudige loop foo
fe Plo/emew ter handt quam : Sulex dat defe fpiegeling van Plo/emew geen ver
andering en gheeft int voolfchreven foucken der reden vande uytmiddelpun
ticheytlijn,en inronts haJfmiddellijn,totte Hni tuifchen den Eertcloot en t'ver-
ftepunt. . 
. Defe ghCdaènte aldus verclaert lijnde, wefende des inIonts middclpun t an 

fpunt 
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revolution in the same time in which the epicycle's centre performs one revolution 
on its deferent - to the other side, in the order of the degrees, i.e. from A to B
while carrying with it the whole deferent. 

But since AL has here been taken for the deferent's semi-diameter according 
to this additional theory of Ptolemy, this deferent's circumference must be smaller 
than ABCD (which followed from the simple motion as it was handed down 
to PtoJemy); therefore let us describe about L as centre the deferent of the theory 
of Ptolemy AOP. And though this is now smaller than the first, nevertheless the 
distance from the Earth F to A remains the same here, and consequently the 
epicycle's angular diameter also remains the same. And when the deferent's 
centre L has moved from L via M to N, according to this supposition the 
epicycle's centre A will have moved on the other side to C, and then the distance 
from the Earth F to the epicycle's centre, and consequently the epicycle's angular 
diameter, will also be the same as according to the simple motion as it was 
handed down to Ptolemy, so that this theory of Ptolemy does not bring about 
any change in the aforesaid seeking of the ratio of the line of eccentricity and 
the epicycle's semi-diameter to the line between the Earth and the apogee. 

This disposition thus having been explained with the epicycle's centre at the 
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tpunt A,vern vanden Eertdool F,en oockanfijn teghenoverpunl C, foo ful
len wy nu noch voorbeeh ftellen werende des inrontsmiddelpunt tot een àó
derplaets, als neem ick 6Otr. middelloops vant vedlepunt A, en Mercurius 
met 100 u. inlontlangdc. Laet tOt dien cynde in defe tWcedeform de: lilii A B 
tbeckeri deur t'vcrftepuDt A (r'welckPIÏJltmell4 vandt onder des duyllcracrs . 
J9otr.) en fijn tegbenoverpuDt fy B,den Ee:ncloot C ,de:srondekens middel
punt D, wact op befcllrcvcn is l'fclvc rondekcn F G .E H (in placls vaJU ,ond~ 

" F 0 R M. 

A 

ken L M N der eedlcform) wefcndedes (elfden verltepunt F, naet\cpunt Eten 
.halfmiddelU;n DEevcnó1èt He :Voottfygheteyékent "pUDt G, foo dat de 
booch van P tOl Gteghen t'vervolgh der ttappen doc de ghegc\'en 60 tr, en op 
G als middelpUnt fy befchreven den inroDtwceh ( KL, daer na treek ick D K, 
foodàtdel'l houckA DK, even is met F DG 6Otr. welvcrftaendeda, van 1 tot 
1< isna t'vervolgh der trappen, ghelijcktvan F tot G daer tegen is ,alles (00 de 
bo\;efehteven ftelling vercyfcht: lek befchrijfdacr na opK als middelpunt het 
inront M NO P,treckvoortvanGdcurKdelini G KM, lodat M des inronts 
inidddveillepun t beteyekciu , ick neem dacr na N te fijn M e'curias p lam, en 
debooch MNte doende ghegheven JOOll.en treek K N, N C, C K,fnycnde 
het inront in O,daer na E K, EG, D K, D G, en neem het infoot van G Kge-
fneen te worden in Palsmiddclnaefiepunt. . 
. Mcrckt nu noch dat P/olemell4 des inroius middelpunt K neemt oirdcntlick 
te drcleyen gefien uyt E J en daCIomloopet onoiIdentlid gefien uyt fijn wcchs 

Gg middel. 
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point A, furthest away from the Earth F, and also at its opposite point C, we 
will now also give an example with the epicycle's centre at another place -
I assumeat' 60° of the mean motion from the apogee A - and Mercury at a 
longitude in the epicycle of 100°. To this end, in this second figure let 
the . line AB pass through the apogee A (which Ptolemy found at 190° 
of the ecliptic), and let its opposite point be B, the Earth C, the centre of the 
small circle D, about which has' been described this small circle FGEH (instead 
of the small circle LMN of the first figure) , th,e apogee thereof being F, the 
perigee E, and the semi-diameter DE being equalto Ee. Further let there be 
marked the point G such that the arc from F to G, against the order' of the 
degrees, makes the given 60°, and about G as centre let there be described the 
deferent [KL. Thereafter I draw DK so that the angle ADK is equal to FDG = 
60°, it being understood that from [ to K it is, in the order of the degrees, just 
as it is from F to G against this order, all this as required by the above supposition. 
I describe thereafter about K as centre the epicycle MNOP; further I draw from 
G through K, the line GKM, so that M denotes' the epicycle's mean apogee. 
Then I take' N to be Mercury's position and the arc MN to make the given 100°, 
and I draw KN, NC, CK, intersecting the epicycle in 0, thereafter EK, EG, 
DK, DG, and I take the epicycle to be intersected by GK in P as the'mean perigee. 

Now it is also to be noted that Ptolemy assumes the epicycle's centre K to 
move regularly when seen from E, and for that reason it moves irregularly when 
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middelpunt G. datis indeCetve wechd'een tijuafi"cher als d'a nd~r. :Macrbc 
oo<>h ghefteh andes wechs midd:lpunt G , fao neemt hy Mercunu$ ,van da" 
gh~liel1 oildentlick te loopen in lijn inlont,en daerom loopt hy felnDt inront 
oockoildentlickaltijt even ras. En volgens (uleke fielliog gevonden wefende 
Mercurius voorofachrringcn fehijnbacr duyfteraerlangdc ,fao befiaet hierin 
Pio/eml'1Id fpiegheling. T' BES L VY T. Wy hebben dan verclaert ~e fommc 
van PNJ/emef14 byghevoughde fpieghding des langdcJOops van MeleuriuSiDa. 
deileylèb. 

. Tot hier toe is gbefeyt van Plo/efllem byghevoughde fpiegheling des lang. 
deloopsdiehy vermengt heeft byden eenvolldighen Joop hem van a,n voor. 
gangers tel handt geeámmen. A ngacndc fijn fpieghdillg des brccdeloops, de 
'ommcdaer affcbijnt indevoorgaende breedcloop ghenouch vcrclaert. 

NV PAN COPERNICV S BTGHE. 
'lJlJughde ffiiegheling der DVI?aelders meI 

. jleUing eens roerende» li.ertcwotJ. 

8 VOORSTEL. 

Teverclaren de (omme van Copcrnic/ll byghevough
de fpieghelin5 der Maen. 

Nemende CoperllÎcIl4 dat Pt/llttnlll4ervaringhen vande Manens gageflagea 
khiinbaer plaetfen recht w:uen ; om dacrop als vafte gtonr een fpiegheling te 
fiichten, en fiende dat hy in fijn byghevoughde fpiegheliog haeI loop iOt in
ront,en des inronts loop in fijn wech oneven fielde, d'een tijt ralfeher alsd'án
der, ghelijek vooren gefeyt is in defes Anhangs 1 voorficl , (uia beeft hem on. 
ghcCchickt ghcdocht , al(óo oock dede het Hdlen ,'an haer groote naerdering 
tolten Eerteloot, ftrijdende tcghen d'ervaring, deur welcke men bevint haer 
grijphouck de verandering niet tcc:rijghen dieder uyt foude moeten volghen. 
inder vougen dat hy in die plaets een ander wijfe beCchreef: Om wekkete ver
c:laren, Coo iSle weten dat hy leuende op de 5 tr. grootfie voorafachtring der 
Maen in middelteghefiant en middelfaming, ma er van 7 Ir. 40 0 in euelicka 
tnid.1elvierdefchijnen door Plolemtlld gaghdlaghen,als vooren ghefcyt iS,heeft 
gbenomen die teghel vallte gaen , en g'oirfaeck ghefielt duCdanieh Ie weCen: 
Laet A B den inromweeh der Maen . beteyckenen ,diens middelpunt dats del1 
Eertclool C, en D E F het inront daet de Maen in loopt, volghens de eenvoll .. 
dighe fieIHng foofe Plol~m(1I6 eerft ter handt quam, diens middelpunt A,en ge
trocken de rechte D AF C, oock Eegerakende hèt inront an E , (00 doet den 
houel<: A C Edebovefehteven., tr. daer na [y ghetrocken de lini CG, foomt 
denhouck AC Gdoe de 7 tr.4o(!)àehtering ,en op Hals middelpunr fy he
fehreven het rondekcn E G,gherakendede linicn e E ,e G ,daer nafygetIoc
ken van A deur t'punt dcsbovefchieven raeekfels E de lini A EH G : En heefe 
de M:aenin dit tonde ken EG een loop dobbel ande middelmaenwinft,!=n des 
rondekens middelpunt H ~ceft fijn loop ghelijck mem: loop die de Maen ghc
feyt WOU tè hebben int illtont, volghcns de ceovoudighc fielliDg gheli;ckfc 
.. Plok. 
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seen from the deferent's centre G, that is in the same orbit faster at one time than 
at another. But when the eye is situated at the deferenfs centre G, he assumes 
Mercury, when seen from there, to move regularlyon its epicycle, and for 
that reason it also moves regularly on the epicycle, always with the same speed. 
And when according to this supposition Mercury's advance-or-lag and apparent 
ecliptical longitude have been found, this constitutes Ptolemy' s theory. 
CONCLUSION. We have thus expounded the sum of the theory of the motion 
in longitude of Mercury, added by Ptolèmy; as required. 

Up to this point the theory of the motion in longitude added by Ptolemy, 
which he combined with the simple motion handed down to him by his 
predecessors, has been d~scussed. As to his theory of the motion in latitude, 
the summary of this seems to have been explained sufficiently in the foregoing 
motion in latitude. 

NOW OF THE THEORY OF THE PLANETS, 
ADDED BY COPERNICUS, ON THE ASSUMPTION 

OF A MOVING EARTH 

[The Bth proposition, cóncerningthe motion of the Maan, has nat been 
repraduced here]. 
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.ghefochtd~sjnronts half middellijn A E, wort bevonden deur h~t 
-4 voorftcl dClplatte dliehouc:ken van 872 , latet fijn foO Copernictis 
ftili . - . 

Dedriehou(kECGbeêftdrie bekendepa\en ,te weten denhoilek 
EC G 2 tr.4o(9,de Lij de EC 10000, als even genoueh Lijnde met 

Po. C,cn den houek G E C recht: Hier me gherocht des rondekens 
middeUijB EG, WOrt bevond€ deur het 4- voorfie1 derplaue drie. 
houckoo van 466,latet -Lijn foo Copernict14 fielt 

Dien~ helft voorde balfmiddelJijn EH 
Tot CA lOCOO, "ergaw A D860, alseven fijode met A E(:erfte in 

d'oitdé,en.daer toe noch D K 474, als even Lijnde met EG tweede 
in d'oildcll,eOn1t VOol C Kmecftc vClhcyt:v~nde Maentotté Eert· 

860,' 

474. 

c100t . 11334. 
Van CA l'OOCO;getrocken AF 86o,alseven lijnde met A Eeerfte in 

d'oiJden, en noch 474 voor de middellijn \'-ant Iondeken al ft an F 
is,blijft voor de: minfte vCIhcyt vande Macn t.o'ttcnEendoot . . .s 666. 

Sukx dat de meeRe verheyt tot deminfie in fulckë redcn isals I I 3 34,tÓt 8666, 
,'welck Coo gtoot vedèhil der Manc:ns grijphoueken nieten geeft als Ptolemell4 
palen int 3 voorfteldefc:s Anhangsvan6,S decJéI3 Q) lot 34deelen 9 (9.want 
fegghende 34 dee\en 9 o ,geven 6.s deelen 13 CD, wat de Manens minfie grijp. 
houek 300 '!eomt deur-het6 voolfie1 des 2 boucx de Manens meefie grijp' 
houek na Ploftmtf14 byghe\'oughde fpiegheling 57 (9, maer na Coper"üm fiel. 
lingalleenelick 390, want feggbende 8666 ,gheven IIH ... , wat de Manens 
nürifiegri;phouck 300koJIuaJsvooren 390: Dochifi 3 (9 meer dan na de 
cenvoudighe fiellingfoofe PtoltmtJ14 cerft ter,handt quam. we1cke dedé .~ 6 <D 
(overeencommende foonlen feght roette dadelk~c: er\'aringhell) wan t als ge. 

-feyt is inde Byeenvouging Vlint 13 voorftel des 3 boucx, de meefte verheyt 
doet ,S3 1 ,de minfte 44 5 ,daC:lom feggende 44 5 gheeft Hl ,wat de Man cns min .. 
fiegrljphouck 30 (9? comt als vooren 360, [ulcxdat CJlperniclI& ddàkedaec 
in nac:rdergheeommen is dan Plo/tmtm. 

Ten anderen foo en heeft COfernÎ&iId mc~.let rondcken gh~en ~ngheregel
de loop d'cen macl raffcher alsd ander,gheh)ekPtolemtf14 fielhng IDhoudt. 

Angaende d' oveleencomminghen mette dadelicke e~varinghen, Copernicm -
en Ptolemtf14 ficllinghen ghevencen [clve bdluyt in alle middelraminghc:n en 
middeltegefianden. en ooek in alle midde1vierdeCchijnen in welcke de Maen 
by des imoms middel verheden is, want alfdan de voorofachtring na d'ccn en 

. d'anderwijre 7 tr. 40 0 doet,maer buytcndie plaetfen valter.tufièhend'een en 
d'ander {telling verfchil. 'I' BES L V Y T. Wy hebben dan vercJaen -dc: fomme 
van CoperiJicm byghevoughdc: fpic:ghc:lingdeI Maen, na den eyfch. 

9 VOORSTEL. 

- Teverc1aren de fomme van Copernicm byghevoughde 
fpiegeling des langddoops vanSaturnus,Iupiteren Mars. 

Nemende copernicm dat P/"o!emem ervaringhen van Saturnus. Iupiters en 
~als gagheOaghen plaetfen recht waren, om daer op als vafie groDt een Cpie
ghe\ing te nichten, en fiende dat hy in Lijn bygbevoughde fpieghdingenhael 
loop int intoDt , en des inIonts loop in fijn weth oneven fielde ~ d' ecn tijtrar.. 

rcher 
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9th PROPOSITION. 

To expound the sum of the theory of the motion In longitude of Saturn, 
Jupiter, and Mars, added by Copernicus. 

When Copernicus assumed that Ptolemf s experiences of the observed positions 
of Saturn, Jupiter, and Mars were right, to base thereon a theory as a firm 
foundation, and he saw that in his additional theories he assumed their motion 
on the epicycle and the epicycle's motion on its deferent to be unequal, at one 
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r,herals d'ander, ghelijek voorenghefeyt is in defcs Arihangs IS voorllel , fulc" 
hceti hem onghefchickt ghedoeht" inder vóughen darhy in die plaetscen an
der wijfe befchreefaldus roegaende:Laet ABC den inrontwech beteyckenen 
van een der drie bovenfte Dwaelders ,ick neem SatUrilUs , diens middelpunt 
D,den vallen Eerrcloot E, deur wcIckc ghetrockcn is de rechte lini A C, foo 
dal A t'vcrltcpunt bediet ; C t'naellepunt ,0 E de uytmiddelpunticheytlijn, 
doende na PUJie11leus rekening 3 deelen Zj ®, fulcke al1fer D A 6odocr, daec 
na fy op A als middelpunt bcfchreven her inront F G, diens verllepunt F,nae
flepum G, waer in den Dwaelder fy am verftepunt F .Dit is tot hier toe de form 
der eenvoudighe ftelling met een vallen Eencloot , foofe PIIJ!emeus eerft tel 
handt quam, waer op h y fijn bovefchreven fpiegheling veroirdende: Maer de 
fdve an Copernicus als ghefeyt is niet bevallende,heeft gedocht ofmen fij n ver
fierde roerfels niet bequamelicker cn foude te wege brengen, met den Dwael
der te'doen loopen in een rondcken befehreven int inront: En ria verfeheyden 
tafiinghen quam tot,dufdanich bdluyt: Hy nam voor fieh de Iini tufièhen den 
Ecrtdoot en het onevenheyts puntlby PIIJ/emell4 in fijn byghevoughde fpiegc
ling int j Hooflftick fijns Il bouel bevonden van 6 deeJen jO CD ,fulcke al1fer 
d~ inrontwechs halfmiddcllijn 6odoet, waer voor Copernicus int.s Hooflllick 
fijns.s bali el! ghebruyckt 1139 en 10000: Van defe 1139 der lini ru1fchen den 
Eertcloot en het onevenheytpunt,trock hy het vierëdecI doende ~8 j , en bleef 
854, die heefi hy gheteyckem van D tot H , nemende ['felvc pum H nu voor 
Eertdoot,die eedl deur E hadde,beteyckenr geweeft: Nam daer na het derden
deel van DH BH,dats E H doende 2Bj, en teyckende die langde van F tot I,be
fdueef met F 1 als halfmiddellij n het Eondcken IK, nemende den Dwaelder 

B 

c 

ten tijde van fijn 
faming mette mid
delfon tewefen an 
het naeflepunt I, 
hebbendeeëloop 
metlet vervolgn 
der trappen van I 
na K,even metten 
loop des inrondts 
middelpunt A na 
B : Mael wefende: 
den Dwacldet . in 
defe middc:lfa
ming alfoo an het 
rondekens naeftc
punt J, 't'is kenne
lick dat hy in alle 
middelfaminghen 
daet an moc:twe
fen,in allemiddc:l
tcgheLbnt an het 
verftepuDt K. en 
in alle middel vier
dcfchijn aneen 
middelverheyt,en 
quamen hier me 

Gg lover-
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time faster than at another - as has been said previously in the 6th proposition 
of this Appendix - this appeared objectionable to him, so that instead of it 
he described another method, as follows. Let ABC denote the deferent of one 
of thc. (nree upper Planets - I. assume Satuen - its centre being D, the fixed. 
Earth E, through which has been drawn the straight line AC such that A denotes 
the apogee, C the perigee, DE the line of eccentricity, making according to 

Pto1emi s calculation 3~Ö parts such as DA makes 60. Thereafter let there be 

described about A as centre the epicycle FG, its apogee being F, its perigee G, 
on which let the Planet be at the apogee F. This is, up to this point, the figure 
of the simple assumption with a fixf.d Earth, as it was first handed down to 
Ptolemy, on which he framed his above-mentioned theory. But since, as has been 
said, . this did not satisfy Copernicus, he considered whether his imagined motions 
could not be brought about more conveniently by having the Planet move on a 
small circle described upon the epicycle. And af ter several tentative efforts he 
arrived at the following conclusion. He took before him the line. between the 
Earth and the point of inequality, found by Ptolemy in his additional theory 

in the 5th Chapter of his 11th book to be 6~ parts such as the deferent's semi

diameter makes 60, for which CoperniclIs, in the 5th Chapter of his 5th book 
uses 1,139 and 10,000. From these 1,139 of the line between the Earth and the 
point of inequality he subtracted one fourth, making 285, upon which there 
wereleft 854, which he drew from D to H, nowtaking this point H for the 
Earth, which had first been denoted by E. Thereafter he took one third ·of 
DH = 854, i.e. EH, making 285, and drew this length from F to I, described 
with FI as semi-diameter the small circle IK, assuming the Planet at the time 
of its conjunction with the mean sun to be at the perigee I, moving in the order 
of the degrees from I to K, equally to the motion of the epicycle's centre A to B. 
But if th'e Planet is in thismean conjunction at the .perigee of the small circle I, 
it is obvious that it must be there in any mean conjunction, in any mean 
opposition at the apogee K, and in any mean 'quadrature at a point of medium 
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overeen Saturnusdadelieke langden na fijn meyning. Doch ~ànt fijn ,·oor. 
nemenniet en wasdefc befchrijving aldus te doen met fielhng eens vafiell 
Eertcloots maer met ftelling'eensroerenden, hy heeft die farm verandert, be. 
fchrijVendeop t'puilt ghelijck H als middelpunt, een Eertc100tweeh even anC 
bovefehreven ilUondt ,'en opt verficpunt des ~waeldcIWeehs een rondcken 
even an t' ander nemende den Dwaelder dael In te loopen •. Laet tot opent
liekel verdating vandien ABC andcrmae1 hetuytmiddeJpuntichtont beleye-

kenen,diens middel-
K punt D , en 'l'pUnt E 

fy hier in fuIckS ver
beyt van D, alfi in de 
eerfie form van D 
was, dacr na fy be. 
fchreven den Eert. 
doolwcch F G op 
t'punt Hals middel
punt, wefende t'fel ve 
punt H in CuIckS vcr. 
heyt van Dalsl'punt . 
H in d'ccrfie farm va 
D was, te weten 814 
deden, en des Eert. 
clootwcchs haIfmid
de1Ii;n F G. doe fao 
veel als daer dés in .. 
rODrs haJfiniddelJijll 
:E G 1083, daer na CJ 
mettehalfmiddcllijn 

C evé. an H E. beCchre .. 
'Ven o'p A als ~lddeipunt het ~ondeken IK, even ant londeken I K der eerlIe 
ferm, waer in Saturnus Cy ant naefiepunt J ;met een loop als in d' eerfie form va 
1 na K: Defeform met fu:lling ccnsroerendcn Eertcloots, ghecfi den Dwael .. 
del al de felve fchijnbaer duyfieraerlangden die uyt d'eerfic furm met ftelling 
eens vaften Eertcloots volgen, waerafick eerft befOnder bewijs gedaen hadde, 
maer denekende daer na de fake verftaneJick ghenouch te eonnen fijn deur het 
ghene van dergeli;cke vertoont is int Ij t,oorftel des 3 boucx • ten anderen' let. 
tende opde onfekerhcyt des gronts daerdefe ftellingop geboutièhijnt, ickhcb 
dat bewijs cortheytshalven onbcfchreven ghelaten • 

. MeIll nOch hiel vooren gefeyt te wefen dat Coptrni&1l4 het rondeken eerft 
verdacht int inront met fidling eens vaften Eendoots • ende hoewel fula in 
fijn fchrificnnier en blijekt, ick hebt nochtans foo ghefeyt om mijnmey. 
Ding int carte betel te yerclareD , CD dattet metter daet 100 fehijnt tocghegac.o 
Ie hebben • 
. Deur4eCevoorgaendefpicgheling feghr Copt,,,;t114 den Dwae1der altijttol 

fijn behoirlickeplaetsgbevonden te worden. . 
Merckt Döc;h int bovefehreven te blijeken • dat CopmJicf14 byghevoughdc 

fpicgeling een vermenging is van fijn vondt met wat uyt Plo!tmtll4 byvouging 
ghetrocken. shemerckt de lini daer hy de drievielendecl afneemt by PlOltmttM 
sbebruyckt wielt. . 

. Ansacodc het foucken van des Dwaelders fchijnbael duyfteraerlangde vol. 
. ' ghena 
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distance, and in his view Saturn's practicallongitudes agreed with this. But 
because it was not his intention to make this description thus on the assumption 
of a fixed Earth, but on the assumption of a moving Earth, he. changed that· 
figure, describing about the point H as centre an Earth's orbit equal to the above 
epicycle, and about the apogee of the Planet's deferent a small circle equal to 
the other, assuming the Plan et to move thereon. For a fuller explanation of this, 
let ABC again denote the eccentric circle, its centre being D, and let the point 
E be here at the same distance from D as it was from D in the first figure. 
Thereafter let there be described the Earth's orbit FG about the point H as centre, 
this point H being at the same distance from D as the point H was from D 
in the first figure, to wit, 854 parts, and let the semi-diameter. of the Earth's 
orbit FG make the same as there the epicycle's semi-diameter EG = 1,083. 
Thereafter let there be described, with the semi-diameter equal to HE, about A as 
centre the small circle IK, equal to the small circle IK of the first figure, on 
which let Saturn be at the perigee I, with a motion as in the first figure from 
I to K. This figure on the assumption of a moving Earth gives the Planet quite 
the same apparent ecliptical "longitudes as follow from the first figure on the 
assumption of a fixed Earth, of which I had first given a separate proof, but 
considering afterwards that the matter could be understood easily enough from 
what has been shown for a similar case in the 15th proposition of the 3rd book, 
and secondly taking into account the uncertainty of the foundation on which this 
assumption seems to be built, for brevity's sake I have left this proof unwritten. 

Note also that. it has been said above that Copernicus first imagined the small 
circle on the epicycle on the assumption of a fixed Earth, and though this does 
not appear from his writings, I have nevertheless said it so in order better 
to explain my view in brief, and because it seems really to have taken. place 
like this. 

Copernicus says that by the foregoing theory the Planet is always found at its 
appropriate place. 

Note also that it appears from the above that Copernicus' additional theory is 
a combination of what he found and what was deduced from Ptolemy' s addition, 
since the line of which he takes threefourths was used by Ptolemy. 
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gens derc fpiegeling,t'is kennelickdatmen inde tweede form fal vindë des ron. 
dekens middelpunts fchijnbaer duyfteraedangde op de wijfeghelijck int 6lidr 
vant IS voorftc1des 3 boucxghevondenwiert desDwacldersfchijnbaerduy. 
fteraerlangde,en daer noch by voughen de voorofuchtring die den Dwaelder 
deur het rondeken cri;cht, want datter uyt romt is t'begeerde. Deurt·ghene wy 
tOt hiertoe van Saturnus gefeyt hebben, isderghelijckc te vcr/iaen van Iupiter 
~n Mars. TB ESL V Y T. Wy hebben dan vercl~rt de (omme van Co/em;" 
tf14 bygh evougbde fpiegheling van Saturnus,Jupiter en Mars, na den ey{èh. 

10 VOO R S TEL. . 

Teverclaren dc (ommcvan CopernicHI hyghevoughde 
fpiegheIing des langdeloops van ~ enus. . 

Angefien Venus met ftelling eens rocrenden Eertdoots alfoo loopt ili haet 
wech die binnen den ecrtcloolwech is, gheli;ck de dde opperfie Dwaelders in 
~aer weghen loopen die boven den EertcJoOlwech fij n , foo foride mijns he
dunekens Copernicf14 meyning uyl bet voorgaende bekent fijn, alf men her ron
deken befchreefop Venuswcch binnen den Eertclootwech: Doch te wijle hy 
achle de fake claerder te wefen,met Venuswecbs middelpunt te doen draeycn 
in een rondcken even an t'ghene men anders op de wech als ghefeyt is mocht 
befchrij ven,foo 1àl iek dat verclarm. Laet ABC dé ECItclootwech lij n,diens 

A 

B 

middelpunt D,halfmiddel1ijn D A doende 10000, en ll: isdeplaetsdaer Venus 
wechs middelpunt bevonden wiert volgbensde rekening gemaecktop de een· 
voudi .. he ftelliog foofe Plo/nnt1i4 eerft ter bandt quam ,alwaer de uytmiddel
pnnri;heYllijn DE dcde 2.08 : Maer na Coptrllkf14 fpiegeling fy geteyd:ent het 
punt F , foo dat E F even is ~et E D , beduydendc t'felve punt F Vcnuswcchs 
middelpunt,waer op mette balfmiddellijo F G doende 7194. befchrcvé is Vc
Iluswcch G H in dcCe gheftalt : DW'la Cy vu E F ghCllomcn het middd I, en 

. GS" dacr 
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As to the computation of the Planet's apparent ecliptical longitude according 
to this theory, it is obvious that in. the second figure the apparent ecliptical 
longitude of the small circle's centre has to be found in the manner in which 
in the 6thsection of the 15th proposition of the 3rd book the Planet' 5 apparent 
eclipticallongitude was found, to which.has to be added the advancecor-Iag which 
the Planet gets from the sm all circle, for the result is the reqüired value. F rom 
what we have hitherto said about Saturn the same is to beunderstood for 
Jupiter and Mars. CONCLUSION. We have thus expounded the sum of the 

. theory of Saturn, Jupiter, and Mars, added by Copernicus; as required. 

10th PROPOSITION. 

To expound the sum of the theory of the motion in longitude of Venus, added 
by Coperniclis. . 

Since on the· assumption of a moving Earth Venus moves in its orbit, which 
is within the Earth's orbit, just as the three upper Planets ll10ve in their 
orbits, which are above the Earth's orbit, in my opinion Copernicllr view would 

. be known from the foregoing if the small circle were described on Venus' orbit 
within theEarth's orbit. But sincehe deemed the matter to be clearer if the 
centre of Venus' orbit were made to. move on a small circle equal to the one 
that might otherwise - as has been said - be described on the orbit, I will 
explain this. Let ABC be the Earth's orbit, its centre being D, its semi-diameter 
DA,· making 10,000; and E is the place where the centre of Venus' orbit was 
found according to the calculation made on the simple assumption, as it was first 
handed down to Ptolemy, wherethe line of eccentricity DE made 208. But 
according to Copernicus' theory let there be marked the point F such that EF 
is equal to ED, this point F denoting the centre of Venus' orbit, about which, 
with the semi-diameter FG making 7,194, has been described Venus' orbit GH 
in this disposition. Thereafter let there be taken of. EF the middle point I, and 
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daer()p aJsmiddelpuntbefchreVtD het rondekeD E F,daer des wi:chsG H mid· 
. ddpuilt·in draeyt,twcemael forasals den Een~loot, en oockna t'vcrvolgh der 
trappen, fulcx dat wanneer den Eertcloot is an t verllepu-m A of naefiepuOl C, 
foo is t'middelpunt des wcchs G H altijt an E, maer den Eerteloot all een der 
middelveibcdë lijnde,als Bloo is datmiddelpunt altijtan F. En hier me feght 
C()ptrTJÎtIl4 dat Ventisaltijttot hacr behoorlicke langde ghevonden wort. 

. T'B ESL VY T. Wy hebben dan \'erclaen de fomme van C'ltrni(fld byghe· 
voughde lpiegheling-des langdeloops van Venlni. na den eyfch. 

MER CK T. 

Alfoo CoptrnicfIJ int 25 HoofdUek des s boucx, tot Mjn fpiegeling noodich 
. verllont Mercurius te doen overentweer loopë in een rechle lini, en nochtans 
!liet willende toclalencenighe onghefchi~kte loop van ronden d'eenmad raf
Ccheralsd'ander • foo heefl hy int 4 Hooflfiick fijns 3 bouex befehrevé een Ver· 
tooch waer deur fukx11let even rocrfel van ronden te weghe canghebrocht 
worden t'felve vertooch(daer oock·af ghehandehwort deur FrQdfIJ uytlegger 
der beginfden van Et/diJtJ) fal ick hier'bykucn als u voorftel. om te dienea 
aotbewijs des volghenden u voorfiels. 

VER T 00 C H. II VOORSTEL 

Werende opt middel pun teens eerfie ronts be(chreven 
een tvveede ,diens halfmiddel'lijn eVen isande beIftder 
halfmiddellijn van t'eedle ,en opeenpuntindë omtreck 
vant tvveede befchreve een derde,even ant tvveede, heb .. 
bende een loop dobbe1anden loopvanttvveede, enop 
cen anderfijde. Yder punt des omtrc:cx vant derde he
fchrijfceen rechte halfOliddellijn vant eerfte. 

IFORM. 
TGHEGEVEN. laet 

in dees eerfie fonn ABC 
liet eerile rondt lijn, diens 
middelpunt D.halfiniddel. 
lijn AD. en op D [y he. 
1<hreven een tweede rondt 
E F, diens half middellijn 
D E even is anden helfl \'i 
A D des eedleroDls AB C. 
daer na fy op een punt al. 
Einde' omtrcck vant twee. 
de ront E F,befchre\'en een 
derde A D even ant twee. 
de E F. en hebbende een 
loop van A na de rcchla: 
ftjde, dobbel anden loop 
vant· rweede,rondt E F na 
de 1lljnçker. Laet voon A 

ccnidl 
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about this as centre let there be des cri bed the small circle EP, on which the 
centre of the orbit GH moves, twice as fast as the Earth, and also in the order 
of the degrees, so that when. the Earth is at the apogee A or the perigee C, 
the centre of the orbit G H is always at E, but when the Earth is at one of the 
points of medium distance such as B, that centre is always at P. And Copernictls 
says that herewith Venus is always found at its appropriate longitude. 

CONCLUSION. We have thus expounded the sum of the theory of the 
motion in longitude of Venus, added by Copernicus; as required. 

NOTE. 

Since Copernicus in the 25th Chapter of the 5th book deemed it necessary 
for his theory to make Mercury move to and fro in a straight line and yet 
was not prepared to admit any objectionable motion of circles, at one time faster 
than at another, in the 4th Chapter of his 3rd book he gave a demonstration 
by means of which this can be brought about with a uniform motion of circles; 
I will here add this demonstration (which is also dealt with by Proclus, the 
commentator of the elements of Euclid) as the l1th proposition, to serve as a 
proof of the subsequent l2th proposition. 

THEOREM. l1th PROPOSITION. 

When about the centre of a first circle a second is described, whose semi
diameter is equal to one half of the senii-diameter of the first, and when about 
a point on the circumference of the second a third is described, equal to the 
second; having a motion that is twice the motion of the second and in an opposite 
direction, every point of the circumference of the third describes a straight 
semi-diameter of the first. 

SUPPOSlTION~ In this first figure let ABC be the first circle, its centre 
being D, its semi-diameter AD, and about D let there be described a second 
circle EP, whose semi-diameter DE is equal to one. half of AD of the first 
circle ABC. Thereafter in a point such as E on the circumference of the second circle 
EP let there be described a third. circle AD, equal to the second EP and having 
a motion from A to the right that is twice the motion of the second circle EP to 
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cenkb genomë punt fijn des omtrecx vant dérde rondt AD'. 1".ä E G EER. 0 E: 
Wy moelen hier me bewijfcn·danei puntA des omtrea A D vaD[ derde ronr, 
CCD rechte middellijn A C bcfchrijft des eedien rondts ABC. 

'I' BE R. E YT"S Ei.~Later punt Edes tweede rondtsE F indeecrftcformge. 
commen fijn na de Oijncker fijde tot G als iil dees tweede geloopen hebbende 
de boocllE G,ofhouck A D B, fuJcx danet verftepunt A des derderonts A D 
inde ccrtle fOlm moet gecommë fijn vä A tot B in decs tweede:Hierentuffché 

~ F 0 R M. moel~et genomen roerende 
punHn het derde rondt ghe
(ommen lijn volgende t'ge. 
fielde van B na H, te weten 
na de rechter lijde I fulcx dat 
den booch BH dobbel is aD 
EG. of den houek B G H. 
dobbel anden houck B D H. 
latetlijn tOt H. Om nu op 
defc derdefolm het begeerde 
noch opentlicker te vercla
ren,wy moelen bewijfen dat 
Hvalt indeliniAC. T'B E
W y s. Angelien den houelt 
B G Hopt middelpunt G int 
rondt BH 0 dobbclis an
den houek B DH opr punt 
des omtrea D int {dve ront 
B H 0 deur t'bereytfel, en 
oae deur het.zo voortlel des c 

. $ bouex van Ellc/ides, fo fegb 
ick hierom t'punt H nootlàkelick te vallen in AC. want by aldient daer buy
len viel, ick nccm anI,fooen foudedan denhouckB G I niet het dobbel con
nen fijn des bouoe E DG, bet welck teghen t'getlelde waer. 'I' BES LV Y T. 
Wefende dan opt IDidddpunt eens rondts, bcfchreven &c. 

VER VOL Cl H. 

De Iini B H valt rechlhouckich op A C om defe reden: Laet gheteyc1cent 
worden inden omtreck E F het punt K, foo dat de booch E K even is mef EG, 
en daerom oock de booch B H met G KJ daer na fy. ghelrocken de: lini D K en 
G K : Twelck foo wefende A D fnijt de rechte G K in baer middel L, fu1cx 
datfe op malcander reehthouckich commen : Maer den driebouck B G H is 
even enghelijek metten driehotick G D K ,en de lij de B G light met G 0 in 
een rechle lini , waer dçur B H evewijdeghe is met G K. en camt ghelijck de 
felveG KoockrechlhouckichopAC. Dit foofijnde ick fegh aldus: Want 
opeen gegeven tijt bekent is de booch AB, foo wort ghevonden de houek. 
maèlpijl H A des houckmaets H B, ofhoua A D B ,in fu1cke deden a1fmcD 
A D tocfcbriifr deur het 14voolfiel vam Houtmaelmaeckfel, maer mettct 
pUnt H WOrt Mercurius beteydent, waer uyt blijckt fijn plaels inde mlddcl. 
lijn A Cbckentte worden. . . 

Gg S Ja VOOR~ 
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the left. Further let A . be any point taken on the circumference of the third 
circle AD. WHAT IS REQUIRED. We have to prove herewith that the point A 
of the circumference AD of the third circle describes a straight diameter AC of 
the first circle ABC. 

PRELIMIN AR Y. Let the point E of the second circle EF in the first figure 
have moved to the left to G, as having moved on this second circle through the arc EG, 
or angle ADB, so that the apogee A of the third circle AD in the first figure 
must have moved from A to B on this second circle. In themean time the moving 
point taken in the third circle must, according to the supposition, have moved 
from B to H, to wit, to the right, so that the arc BH is twiCe EG, or the angle BGH 
twice the angle BDH, let it be as far as H. In order now to explain in this third 
figure more clearly what is required, we have to prove that H faUs in the line AC. 
PROOF. Since the angle BGH a~ the centre G in the circle BHD is twice the 
angle BDH at the point of the circumference D in the said circle BHD, by the 
preliminary and also by the 20th proposition of the 3rd book of Euclid, I say 
that f~r this reason the point H necessarily faUs on AC, for if it fell outside it -
I assurne at l - the angle EGl could not be twice the angle EDG, which would 
be contrary to' the supposition. CONCLUSION. When thus about the centre of 
a circle is described, etc. . 

SEQUEL. 

The line BH is perpendicular to AC, for the following reason: Let there be 
marked on the circurnference EF the point K such that the arc EK is equal to 
EG, and consequently also the arc BH to GK. Thereafter let there be drawn the 
lines DK and GK. This being 50, AD intersects the straight line GK in its middle 
point L, so that they come perpendicular to one another. But the triangle BGH 
is equal and similar to tbe triangle GDK, and the side EG lies with GD· in a 
straight line, owing to which BH is parallel to GK, and like this GK also comes 
perpendicular to AC. This being so, I say as foUows: Because at a given time 
the arc AB is known, the versed sine HA of the sine HB or of angle ADB is 
found, in such parts as are ascribed to AD by the 14th proposition of 
Trigonometry 1), but by the point H Mercury is denoted, from which its position 
in the diameter AC appears to become known. 

1) For Houtmaetmaecksel in the Dutch text read Houckmaetmaecksel. See Work XI; i, I I, 

p.60. 
, 
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Il VOO R 5 T E·L. 

. Te ve~daren de fomllie van CoperniclIl byghevoughde· 
. fpleghclmg des la ngdeloops van Mercurius. .. . 

, I ., , ,. .' • 1" 

Laet A B den Eertcloot~ech b~teyckenen ,diens middelpunt C,middeilija . 
AB, uytmiddelpunticheytlijn De, ghevonden na de wijfe der eenvoudighe· 
fielling foofe Plo/emew eerft ter handt quam van 947 deelen, fulcke al1fer ~es 
Ecrtclootwechs halfmiddeJljjn A C IOOCO doet,cndc op D alsmiddc1pIiDt,.ca 

, 

B 

tnettèt derdèndeel van n c , t'we1ck fy DE, is befchre,'en een rondeken E F. 
fulcx datF ,'verftepunt beteyckent vä e,en E t'naefiepunr,daer na opFalsmid. 
dclpunt fy befchrevé den inrontwech G H, op wiens vedlepunt Hals middel-

. punt iek het inront'! K tcycken,en opt fclve middelpunt H noch een c1eemlCl 
londt L M, dieDs halfmidde1lijn H M , even is an den helft der halfmiddclHjn .. H~ 

. ! 
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12th PROPOSITION. 

To expound the sum of the theory of the motion in longitude of Mercury, 
added by Copernicus. 

Let AB denote the Earth's orbit, its centre being C, its diameter AB, the line 
of eccentricity DC, found by the method of the simple assumption, as it was 
first handed down to Ptolemy, to be 947 parts, such as the semi-diameter of the 
Earth's orbit AC makes 10,000, andabout D as centre and with one third of DC, 
which shall be DE, there is described a small circle EF such that F denotes the 
point furthest from C (apogee) and E the nearest point (perigee). Thereafter 
about F as centre let there be described the deferent GH, about whose apogee H 
as centre I draw the epicycle IK, and about this centre H also a smaller circle LM, 
whose semi-diameter HM is equal to one half of the semi-diameter Hl and 
intersects AB in Land Mj thereafter about L as centre the small circle KH, 
whose semi-diameter LH is the same as that of the circle described about HLj in 
this small circle KH Mercury is carried.· This figure thus being completed, we 
will explain its significance. F, the centre of the circle HG, performs two 
revolutions a year, one which ·it receives from the Earth's orbit, the other being 
its proper motion, and both in the order of the degrees. The centre L of the 
circle KH is fixed on the circumference of the circle LM and is carried therein 
against the order of the degrees, performing one revolution a year. The motion 
of Mercury on the circle KH is in the order of the degrees, equal to the above
mentioned motion of F, to wit, two revolutions a year, from which it follows 
that Mercury always moves to and fro on the diameter KI without leaving it, 
by the 11th proposition of this Appendix. Further it follows that when the 
Earth is at A or B, the centre of the circle HG must always be at F, that is the 
point of the circle EF furthest from C. But when the Earth is at the points of 
medium distance, i.e. 90° from A or B, the aforesaid centre of the circle HG 
must always be at E, that is the point of the circle EF nearest to C, which takes 
place in the opposite way to what happened with Venus. Further it follows that 
if, as has been said, Mercury moves to and fro on the diameter IK, the nearest 
point will always be at I when the Earth is at A or B, but at the furthest point K 
when the Earth is at the points of medium distance. In this way it occurs that 
the centre of H G (F) on the circle EF, and Mercury on the diameter IK, each 
perform two revolutions a year. And meanwhile the proper motion of the epicycle 
IK or the line FH in the circle HG is uniformly about 88 days for one revolution. 
And herewith Copernicus says that Mercury is found at its appropriate place . 
. CONCLUSION. We have thus expounded the sum of the theory of the motion in 

longitude of Mercury, added by Copernicus; as required. 
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Hl, en rniende A Bin L en M, OOcr naop L als middelpunt het rOl1dcke K H, 
diens halfriliddellijn LHde fclve is des tonts bClf.èhreven opH L, inditron .. 
deken K H wort Mercurius ghedreghen. Defe fOtnlllldUS voldaen fijn~e, foo 
fullen wy haer beteyc;kening verclaren : FmiddelpuÏlt~es rondts H G doet d~s 
jaers twee keeren, d'een diet vanden Eertclootwechontf.ingt ,d'ander fijn ey .. 
ghen ,en beyde na t'yervolgh der trappen: T'middelpunt L des rondIs K H. is 
vafi inden omtreck des rondIs I. M, en wort daer in ghedreghen teghen het 
vervolgh der trappen doende des jaers een keer: Den loop' van Mercurius int 
rondt K H, isna t'vervolgh der trappen, even anden bovefchreven loop van F, 
te weten des jaers twee keeren, waer uyt volght dat Mercurius altijt overen .. 
tweer loopt inde middellijn K I Conderdaeruyttecommcn, deur het Jl VooI
fiel defes Anhangs, Wijder volght dat wefende den Ecrtc100tan A of B, foo 
moet het middelpunt des rOll.dts H G dan altijt fijn an F ,dats des rondts E F 
verfiepunt van C: Maer den Eertcloot ande middel verheden fijnde,dats 9otr. 
van A ofB , Coo moet het voorCchreven middelpunt des rondts H G dan altijt 
fijn an E, dats des rondts E F naeftepuDt van C, het weIck op verkeerde wijfe 
toegaet van t'ghenemet Venus ghe~eurde. Wijder volght dat Mercuriusde 
middclIijn IK overentweer loopende foo ghefeyt is. altijt het naellepuDt an I 
fal fijn werende den Eertc100tan A ofB, maer an t'verftepunrK den Eertcloot 
ande llliddelverheden fijnde: Hier me ghebeuret dat hel middelpunt van H G 
als F, int rondr E F, cri Mercurius inde middelIijnIK des jaerselck twee kee
ren doen: En hierentuifchen is den eyghen loop des inrondts IK, of de Iini 
F H int rondt H G eenvaerdelick ontrent de 88 daghen over een keer. En hiel: 
me fegt Cf1perniclI4 dat Mercurius tOt fijn behoirlicke plaets ghevonden wort, 

T' BES L V Y T. Wy hebben dan verclaert de Comme van CfJptrni&1I4 byge .. 
vou<Thde fipieghcling des langdcloops van Mercurius, na den cyfch. 

ti . 

ij VOO R ST EL. 

Verhael op der fretren onbekende loop: Endesduy-
flèraers onbekende afvvijcking vanden * evenaer. .Ät'1uatore. 

De valk nerten worden ghereyt èen onbekende loop te hebben d'een tijt 
raff"cher als d'ander, want hoewelmenCe altijt eveveIIe van malcandcr bevint, 
nochtans heeft den heelen Hemelscloot ccn roerfe! van Weftcn int Oollen, 
fuIcx dat haer duylleraerlangde die ande lcntfne begint, gheduerlick grooter 
wort en van PtfJ/mwl4 tijt tot nu toe over de 21 ® vermeerdert is: Maer vol-

o ghen's decrvarirtghen îedenghefcliict, foo wort dit rocIfel feeI onghereghelt 
gheacht, d'eenmael flapperals d'ander, ja foo eenighemeynen fomwijlen rug
gheIing tè loopen, Hier affijn by ettelicke als Thebil ,de tAlfofJjifJtfJ • Purba-
chill4, CfJperfJÏ&fI4, [oafJfJeJ Ventrll4, verfcheyden * fpicghelinghen verdocht, dck '111torÏlt; 
na fijn goetdunckcn. Maerom van dit onbekent roerfel mijo ghevoelen te 
fegghen, het is te weten dat der fierren * wanfchaeuwing grooter bevonden R!ftaRio: 
wort in landen na den * aCpunt dan naden evenaer. waerafwy Ceer mcrcke· Po/um. 
lick voorbeelt hebben, deur de ervaring ghefchiet op de velmaerde feylage 
van Vlillem Barentfen metten fijnen in NovaZembla, wefende daer des af-
pun IS vcrh effiog van 76 tr, al waer hemlien de Son eelfi onder den * 6chtein .. Hori~,~ 
der ginck den vierden November 1596. diefe op den eerften behoorden ver- 0 

looren te hebben, fula daûe hooghel fcheen danfe e)'ghcnt1i~ was, of wan.. 0 

o 0 f&hacu~ 
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. 13th PROPOSITION. 

An account of the stars' unknown motion; and the ecliptic's unknown deviation 
from the equator. 

The fixed stars are said to have an unknown motion, at one time faster than 
at the other, for though they are always found at the same distances from one 
another, nevertheless the whole Heavenly Sphere has a motion from West to 
East, 50 that their ecliptical longitude, which starts at the vernal equinox, becomes 
continuously greater, andfrom Ptolemy' s time to thepresent day has increased . 
by more than 21 01). But according to the experiences that have beeri gained 
since, this motion is considered to be very irregular, at one time slower than 
at ariother, nay, as some think, it is sometimes a backward motion. About this 
many authors, such as T hebit, the Alphonsines, Pllrbachills, Copernicus, lohannes 
Vernerus 2), have invented different theories, each according as he thought fit. But 
to give my opinion about this unknown motion, it is to be noted that the refraction 
of the stars is found greater in countries towards the pole than towards the 
equator, of which we have a very notabie example through the experienee gained 
during the famous voyage of Willem Barentsen and his men to Nova Zembla 3) 
whère the elevation of the pole was 760 and where the Sun did not go down 
beneath the horizon until the fourth of November 1596, though they should 
have lost it on the first, 50 that it seemed to be higher than it really was, or had 

1) For 210 intheDutchtextread21 tr. 
2) Abû-I-1:;tasan Thäbit ibn Qurra ibn Marwän al-I:Iarränî (Rarran 826-Bagdad 

go I), mathematician and astronomer at the court of the Caliph Almustadid. Ris theory 
of "trepidation" became known mainly through al-Zarkali and the tables of Toledo; 
a treatise of Thäbit was translated into Latin and printed at Leipzig (1503). 

The Alphonsine Tables were constructed about 1250--1300 under the patronage of 
King Alphonso X of Castile. The original version is unknown, but modified tables 
bearing the same name existed in Paris about 1320; they came into general use and 
were repeatedly printed between 1483 and 1649: Alphonsi, regis Castellae, caelestium 
motuum tabulae (Venice 1483). 

Georg von Peuerbach or Purbach (Peurbach in Austria 1423-Vienna 1461), profes
sor in Vienna. Ris treatise, Theoricae novae planetarum, passed through many editions 
from 1507 onwards, during the whole ofthe 16th century. 

Johannes Wemer (Nuremberg 1 468-ibid. 1528), astronomer, mathematician and 
cartographer, discussed the precession in his treatises: De motu octavae sphaerae; Summaria 
enarratio Theoriae motus octavae Sphaerae (Nuremberg 1522). - For Venerus in the Dutch 
text read Vemerus. 

8) Novaya Zemlya. - Towards the end of the sixteenth century Dutch navigators tried 
to discover a passage towards the Indies through the arctic seas. These pioneers were 
obliged to winter on N.Z., where relics of their equipment have been found. See the 
account of the voyage by one of the participants, G. de Veer: Reizen van Wil/em Barents, 
Jacob van Heemskerck, Jan Cornelisz. Rijp en anderen naar het Noorden (1194-1197). Edited 
by S. P. L'Honoré Naber (Linschoten Vereniging XIV, 1917); translated by the Hakltiyt 
Society (1876). 

The Novaya Zemlya phenomenon has been discussed by several modern authors, of 
whom we mention especially S. W. Visser (Proc. Acad. Amsterdam, Ser. B, vol. 59 
(1956), p. 375. The exceptional refraction of 4°17' may be explained by a pronounced 
ground inversion, extending over a large distance. A similar observation was made by 
Shackleton in 1915, when the refraction reached 2.0. 
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3S6 ANHANC VANDER. DVVASLDERS 
fchaeuwing had ghelijek dek berekenen mach, van ontrent I tr, 9 ® : Maer 
SI daghen daer na, teweten den 24 Ianuadus lj97, foo heéfc den randt der 
Son haeI weerom begonnen te openbaren, welcke fy fooder geen wanfchaell
wing gheweefr en had,op den 9Februàriu~ eerfr behoorden geüen te hebben. 
indel voughen datfe hoogher fcheen danfe eyghentlick was, of wanfchaeu. 
wing had hy des tr. welcke in defe laetfre ervaring veel meerder bevonden 
wièrt als in d'cerGe, waeraf d'oirfaeck bekentghewordcn is ari philippll4 Lan(-

Obfir'V4lo1, btrgim dictich * GaQagher en vcrmaert W ifconfienaer , die daer te vooren in 
fijn crvaringhell deur oneven wanfdlacuwinghen lang he in twijffel gheweeft 

S.Yli,i. lJie. had, want hoewel de Son tot lijeknandighe plaetfen vaDl* Winters keerpunt 
ma/i,· was ,als neem ick joaf j6 tr, daer voor, en,6 tr'.daer na, fao en heeft hyfe 

nochtans in d'een en d'anderniet meteen felve hooghde boven den Îlchtein
der bevonden, maer meerderindelaetnc dan in d'eerne plaets, achtende noch .. 
tans alfdoen dit feyl van weghen wanfehaeuwing niet te connen eommen. 
om dat, als ghefeyt is. de Son in d'een en d'ander ervaring eveverre van het 
winters keerpunt was: Maer het bovefchreven \:oorbeelt van Nova Zembla 
t'fijnder kennis ghceommen lijnde, heefe d'oirfacck beflotcn te wefen, en 
mijns bedunckens mei goede reden, dat de coude winter[che vochticheden 
in Februarius dicker en waterachtigher lijn ,dan inde warmer maent Oaober 
eyndedes voorganghen Somers.Nu dan de wanfchaeuwing in Nova Zem •. 
bla fao uytnemende groot wefende, en tOt ander plaeefen daer deervarioghen . 
ghebeurt fijn, als Pruyffen. Duyt!landt, Spaeigne, Italie , Egipten , foogroot 
als yders Noorderlickheyt mebrcngt, boven dien tOt een fe\ve plaets op d'een 
tijt des jaers groot er als op d'ander, fonder nochtans byde Befchrijvers der 
voornoemde fpieghelinghen daer op acht gbenomen te weeen, [00 valt daer 
uyt te bcOuyten, dat de onevenheden by hemlien bevonden, niet nootfake
lick en fijn van weghen onevenheyr des loops der fierren ~ want al waer die 
gantfch even, fao louder om de verrcheydenheytder wanfchaeuwing moeten 
fchij nen onevenheyt te wefen : Oft anders ghclêyt, fao by hemlien voIcom
men c\"enheyt bevonden waer, t'[oude teyeken fijn van onevenheyt int we
fen, Tot breeder bevefting van het voorlèyde valt noch re anmereken,ten eer. 
fien dat uyt de ervaringhen in Egipten ghe[chiet, even loop bevonden wiert,tc 
hondert Jaren van I tr, totten tijt \'an 432 laren toe: Ten anderen dat de one
venheyt met raLrcher loop, gheoirdeelt wort uyt ctvaringhen die daer na in 

. verfcbeyden Noordetlicker landen gagheOaghen fijn, t'welck met reden ;ver. 
móeden gheefe de onberekende wanfchaeuwinghen daer af oirfaeck te meu. 
ghen wefèn, of volcommelick. of ten deele, maer welck van beyden men 
neemt, de voorfchreven fpieghelinghen vallen onghegront. en fchijnt dat fao 
de Sèhrijvers van dien defe verfcheyden grootheyden der wanfchaèuwinghen 
ghcnouch bedocht hadden,datfe de felve fpieghelingben foo niet en fouden 
veroirdem hebben, en daerom laet ick die onbefchreven,aehtende datter vOOt 
al behooren te fijn ervaringhen van ghenouchfaem fekerheyt ,eermen tOUet 
veroirdenen en beQuyren van fulcke fpieghelinghen eomt, Hier toe foudet 
eonnen voordl:rlickfijn, datmen tot Alexandrie in Egipten,daerde voorfehre. 
\:en eerfie ervaringhcnghebcurden , dcde ga!laen de Sonnens inganck del 
knrfoe en erftfne, .met haermeefie afwijcking vanden èvenaer, en darmen 
daer na (aghe hoc die overcommen met derghelijcke ons Noorderlicker erva. 
rin ghe-n op den felven I ijt ghefchiet. . 
~ Ol hiertoe is ghefeyt \'andc: onbekende roerfels der vaGe fierren:Angaen .. 

de dIe der Dwae1ders, van wclclr.e in defcn Anhallg ghehandclt is, iek acht Pil. 
lemew 
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a refraction, as anyone may calculate, of about 1 °9'. ButS1 days afterwards, to wit, 
on the 24th of January 1597, the rim of the Sun began to show again, though, if 
there had been no refraction, they ought not to have seen it until the 9th of 
February, so that it seemed higher than it re~lly was or had a refraction of 
about 5°, which in this last experience was found much greater than in the first. 
The cause of this was revealcd to Philip pus Lansbergius 1), industrious Observer and 
famous Mathematician, who previously had long been in doubt in his experiences
owing to unequal refractions, for though the Sun was in homologous places 
in relation to the winter solstice - I assume 50° or 56° in advance of it and 
56° behind it - yet he did not find it at the same height above the horizon in 
one place and thc other, but at a greater height in the last place than in the first; 
yet he then thought that this error could not be due to refraction, because, as has 
been said, the Sun was at equal di stances from the winter solstice in one experience 
and the other. But when the aforesaid example of Nova Zenibla had come to his 
knowIedge, he concluded the cause to be - in my opinion with good reason -
that the cold, humid winter atmosphere in February is denser and contains more 
water than in the warmer month of October, the end ofthe preceding summer. Since 
therefore the refraction in Nova Zembla was 50 extraordinarily great, and in 
other places where the experiences were gained, such as Prussia, Germany, 
Spain, Haly, Egypt, as great as was conditioned by the Northerliness of each, 
while moreover in the same place it was greater at one time of the year than 
at another, but without the Describers of the aforesaid theories having paid 
heed to it, it may be concluded that the inequalities found by them need not 
necessarily be due to inequality of the motion of the stars, for even if this were 
altogether equal, there must seem to be inequality owing to the variation of the 
refraction. Or in other words: if they had found perfect equality, this would 
be a sign of real inequality. For a fuller confirmation of the above it is also to 
be noted that from the experiences gained in Egypt there was found equal motion, 
of 1 ° in a hundred years, up to 432 years. Secondly, that the- inequality with 
faster motion is judged from experiences observed thereafter in different more 
Northerly countries, which justly raises the suspicion that the uncalculated 
refractions may be the cause of this, either altogether or in part. But no matter 

. which of the two is taken, the above-mentioned theories are unfounded, and 
it seems that if the Authors thereof had taken sufficient account of these different 
amounts of the refraction, they would not have framed the said theories as they 
did; and for that reason I leave them undescribed, being of opinion that before 
all there should be experiences of sufficient certainty before one proceeds to 
frame and derive such theories. To this end it might be advantageous if at 
Alexandria in Egypt, where the aforesaid first experiences were gained, the 
Sun's passage through the vernal and the autumnal equinox were made to be 
observed, with its greatest deviation from the equator, and that it were thereafter 
seen how they correspond with similar more Northerly experiences gained at 
the same time. 

Up to this point the unknown motions of the fixed stars have been discussed. 
As to those of the Planets, which have been dealt with in this Appendix, I also 

1) Philippus van Laensbergh or Lansbergen (Ghent IS61-Middelburg 1632), sur
geon and clergyman, studied the motion of the planets and advocated the theory of 
Copernicus from 1619 onwards. Ris Opera Omnia were published at Middelburg, 1663. 
In his printed works, no considerations about abnormal refractions are found. 
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km/lIJ cf\'aringhen dacr(e op ghegront fijn oock voor onfekcr, want hoewel 
by OOer in groote loofliCken aerbeyt ghedaen heeft, nochtans ghemerckt dat 
torgine!;; met een cIeene eooper* Hemelloopfiuych, van verfcheyden rin-! . 

nfirummlD 
gben gbemaeekt, eleke op hacr as draeyende , fulcxdat~en des luychs duyfte- Aflronomi-
raer altijt evewijdich creeeh metten hemelfehen : Voort dat hy de fierren deur co. 
Lichtgaetkens der wijflijnen [ach, met meerderplaetsdan de grootheyt der fier
re,onfekerdeIloegaendedan na hctgebruyck van TuyehoBrahe, fao is hem-
lien die met fuIcke reetfchappen ommegaeD,kenDclick gbenouch deonfeker. 
!leden dieder in vallen, hoe forehvuldich die oock ghemaeckt fijn, gbelijek 
Ptoltmtt14 felfdaer affomwijlen vermaen doet. Maer der fierrenhoochden of. 
verheden van D?alcander met groole reeIfchappen ghcmeten, en de reft dellr 
rekeninghen der platte en cIootfehe driehoueken ghewrocht, daeI machmen 
vafteliekeIop té wereke gaeil. 

Noch vielder in PloüI1Jtll4ervaringben eenige onfekerheyt van der Dwael. 
ders fChijI!baer duyfteraerlangden,om dat de vafte fimen felf daer de dadelieke 
mering op ghegront iS,lOt die tijt rouwclick beCehreveil waren met 10 ® voor 
c1ecnfte maet,als in fijn tafelen blijekt. Voorts boven fielling van oneven on· 
natuerlicke ioopen, foo betuyghen noch de dadelicke ghemeten·grijphoue
ken cler DwacIders, voornamelick van-Mars en de Maen ,datCe niet in {bleke 
verheyt en naerheyt des EencIools en eommen als de fpiegeling mei?rengt,ge
}ijck wy elders breeder \'ercIacrt hebben. 

Benevens t'ghene tot hier toe ghefeyt is noch vervought t'ghetuyehnis vaa 
\rerfehcyden Gaflaghers, als onder anderen RtgiomontanuJ,Btrnhardm Wat. 
theri, én Ptlrba,hill4, in druck. uYlgaende, foo;:n worden der Dwaelders plaet
fen niet bevonden t'overcommen mette fpieghelinghen: Al t'welek anghe. 
merekr,ten fchijnt niet feker ghenoueh aft er der DwaeIdersonbekende roer. 
fels fijn, ofwefende, dat wy van haer ghedaente gheen ghenouchfaem beo 
(cheyt en hebben, daerom meyn ick dat foo ymant voor hem nacm een nieu
we fpieghding van dien te befehrijven , dattèt oirboir waer fich voor al van 
foo veel ghewiffe ervaiinghen te voorfien, dat fe voor gront mochten "trfiree
ken om op Ie bouwen. Doch hier mede mijn teghenwoordich ghevoelen 
verclaert fijnde, laet daerentuffehen dek fijn goetduncken volghen. 

'1' BES LV Y T. Wy hebben dan ghedaen een verhael op der fierren on· 
bekende loop J en des duyfieraers onbekende afwijcking vanden Evenaer J na 
dencyfeh. 

DES DE R DEN Bov C x 

EYNDE. 



- 325 -

319 

consider Ptolemy' s experiences, on which they are founded, to be uncertain, for 
though he has performed a great deal of praiseworthy work in this respect, 
nevertheless, considering that this took place with a small astronomical instrument 
of copper, made of different rings, each revolving about its axis, so that the 
ecliptic of the instrument was always obtained parallel to the celestial ecliptic, 
and since he saw the stars through small peepholes in the diopter rings, wider 
than the size of the star, which was a more uncertain procedure than by the 
practice of Tycho Brahe, it will be sufficiently obvious to those who handle 
such instrurnents to what uncertainties they give ri se; however carefully they may 
have been made, as Ptolemy himself sometimes warns his readers. But when the 
altitudes of the stars or their distances from each other are measured with large 
instruments and the rest is achieved by calculations of plane and spherical triangles, 
this forms a firmer foundation on which to proceed. 

There was also some uncertainty in Ptolem y' s experiences concerning the 
Planets' apparent ecliptical longitudes, because the fixed stars themselves, on 
which practical measurement is based, up to that time had been roughly described 
with 10' as the smallest measure, as appears from his tables. Further, apart 
from the supposition of unequal unnatural motions, the practically measured 
angular diameters of the Planets, chiefly of Mars and the Moon, also show that 
they do not come as far from and near to the Earth as the theory implies, as we 
have explained more fully elsewhere. 

When to the statements made up to this point there is further added the testimony 
of different Observers, such as, among others, Regiomontanus, Bernhardus 
Waltheri, and Purbachius 1), which has been printed, the Planet's positions are not 
found to agree with the theories. Taking all this into consideration, it 
does not seem to be certain enough whether there are unknown motions 
of the Planets or whether we do not have sufficient information about their 
character. I am therefore .of opinion that if anyone intended to describe a new 
theory about this matter, it would be proper first of all to procure so many 
certain experiences that they might serve as a foundation on which to build such 
a theory. But since herewith my present view has been set forth, let everyone 
meanwhile use his own discretion. 

CONCLUSION. We have thus given an account of the stars' unknown motions 
and the ecliptic's unknown deviation from the Equator; as required. 

END OF THE THIRD BOOK. 

l)Johannes Müller (Unfind near Königsberg 1436-Rome 1476), celebrated astrono
mer, pupil and collaborator of Peurbach, worked in Vienna, in Italy, Hungaria, and 
Nuremberg. 

Bernhard Walther (Nuremberg 143o-ibid. 1504), a wealthy citizen, gave financial 
aid to Regiomontanus and continued his observations. Only parts of his manuscripts 
have been preserved. 

Georg von Peuerbach, see note p. 315. 
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CONTENTS OF THE HEAVENLY MOTIONS 

(The Chapters, marked by an asterisk, have been selected for publication. The 
numbers between brackets refer to the pages of the original Dutch text). 

Page in 
the English 
translation 

Book I: Of the Finding of the Plan ets' Mo/ions and the Motions of 
the Fixed Stars by Means of Empirical EPhemerides, on the Assumption 
of a Fixed Earth . . . . . . . . . . . . 27 

* Definitions (5 - 13) . . . . . . . . . . 31 
* Of the Finding of the Sun's Motion (14 - 30). . 49 

Of the Finding of the Moon's Motion (31 - 54) . 
* Of the Finding of Saturn's Motion (55 - 68) . 79 

Of the Finding of ]upiter's Motion (69 - 79). . 
Of the Finding of Mars' Motion (80 - 91). . . 
Of the Finding of Venus' Motion (92 - 104). . 
Of the Finding of Mercury's Motion (105 - 114) . 

* Of the Finding of the Motions of the Fixed Stars (115 - 116). 105 

Book ll: Of the Motions of the Plan ets by Means of Mathematical 
Operations, Based on the Untrue Theory of a Fixed Earth . 109 

Mathematical Theorems on Eccentric Circles (120 -133) 
The Sun's Motion (134 - 178) .'. . . . . . . 
The Moon's Motion (179 - 212) . . . . . . . 
The Planets' Motions (213 - 232). . . . . . . 
The Planets' Conjunctions, Oppositions, Eclipses (233 - 246) 

Book lIl: Of the Finding of the Motions of the Plan ets by Means of 
Mathematical Operations, Based on the True Theory of a Moving Earth 115 

* Of the Figure of the Planets' Heavens (249 - 261). . 119 
* Of the Motion in Longitude of the Earth (262 - 266). .. 145 
* Of the Motion in Longitude of the Moon (267 - 272).. 155 
* Of the Motion in Longitude of the Planets (273 - 295) .. 167 
* Of the Motion in Latitude of the Five Planets (296 - 316) . 213 

* Supplement: Of the Motion in Latitude of the Five Planets, Based 
on the Theory of a Pixed Earth (317 - 330). . . . . . : 255 

(*) Appendix: Of the Plan ets' Unknown Motio,!s Observed by Ptolemy; 
and the Theories Derived therefrom by him and Copernicus 
(331 - 357). . . . . . . . . . . . . . . . . . 283 
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INTRODUCTION 

HISTORICAL REMARKS 1) 

In Antiquity many authors described tidal phenomena and indicated their 
connection with the moon, though of ten also a comparison w\th. the breathing 
of an animal was made. Pytheas of Massilia is said to have been tbe first lo 

. indicate the connection of the half-monthly variation of the tide with the 
phases of tbe moon .. Strabo in his Geography 2) calls attention to the tidal 
currents in narrow straits, whichare connected with the ·risings, settings,. and 
meridian passages (upper and lower) of the moon. Pliny the Elder 3) is 
acquainted with the facts that the tide for any place has a constant time-interval 
with tbe moon, that the height of the tide varies with the ph ase of the moon, 
and also that near the equinoxes the ti des are higher than at the. solstices, and 
that on the coasts of tbe Atlantic they are higher than along the shores of the 
Mediterranean. 

The revival of learning in the sixteenth century, which first had to resuscitate 
and assimilate the science of Antiquity, did not show much progress as to the 
knowledge of tbe Tides. The great navigations of those days in deed made 
known a wealth of new facts on the movements of the waters. But in the 
reports of tbe navigators the westward flow in the oceans was attributed to the 
westward diurnal motion of the heavens. In a work by Julius Caesar Scaliger 4) 
(the father of the renowned mathematician and chronologist Josephus Justus) , 
published in 1557, the "desire of the moon" is mentioned as the cause of the tides; 
tbe alternation of ebb and flow is eXplained by the repulsion exerted by the long 
stretch of the Western Continent lying in the way of the westward stream. 

Francis Bacon 5) also speaks of the general westward motion of the sea, and 
he believes that the short period of half a lunar day is due to obstruction by the 
shores. In his zeal to refute old superstitions he refuses to assume here an effect 
of the moon. "Yet it will not immediately follow. ~. that things which corre
spond in the course and periods of time, or even in the manner of carriage, are 
in their nature subordinate, and the cause one of the other. For I do not go 50 

1) An extensive historical survey of the investigations on the tides is found in: Rollin 
A. Harris, Manual of Tides (Appendix 8 to U.S. Coast and Geodetic Survey, 1897). -
Pytheas wrote about 325 B.C. 

") Strabo (c. 54 B.C.-c. 24 A:D.), Geography, I.3.II-IZ. cap. 54 & 55; 3.5.8. cap. 
173-174. . 

8) Plinius (23-79 A.D.), Natural History, H. 212-222 (Loeb Classical Library, 1938, 
ed. RaCkham). 

') J. C. Scaliger, scientist and physician (Padua 1484-Agen 1558), Exotericarum 
Exercitationum ad Cardanum (Exerc. LH). . 

5) Francis Bacon 1561-1626, De jluxu et rejluxu maris (Ed. Spedding, Vol. V, p. 441). 
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far as to assert that the motions of thc': moon or sun are set· down as the causes 
of the inferior motions which are analogous to them; or that the sun and moon 
(as is commonly said) have dominion over these motions of the sea; .... indeed 
in that very half-monthly motion (if rightly observed) it would be a very strange 
and novel kind of obedience, for the tides at the new and fuIl moon to be 
affected in the same way, while the moon is affected in opposite ways ... " 6) 

Johannes Kepler in a letter to J. G. Herwartus (1598) says that thc seas 
might adhere to the moon 7). In his Astronomia Nova (1609) he writes: "If the earth 
should cease to attract its waters, all marine waters would be e1evated and would 
flow into the body of the moon" 8). Yet at other times he compares the tide 
to the breathing of an anima!. 

It is weIl knGwn that Galileo Galilei in 1616 framed a different theory 9). 
Ascribing the tides to a periodical irregularity in the velocity of the terrestrial 
surface, due to a combination of the diurnal rotation and the annual revolution, 
he makes them an important argument in favour of the Copernican world-system. 
This effect in deed must be present, but it is too smaIl to be observed and is 
lost among the irregularities of the small tidal phenomena in the Mediterranean. 

The treatise of Stevin on the Tides is part of his Wisconstighe Ghedachtenissen 
(Mathematical Memoir s) J published at Leyden in 1608 (Work XI; i, 26); it was 
translated into Latin by SneIlius (Leyden 1608, Work XI b) and into French by 
Girard (Leyden 1634, Work XIII; ii, 2). In these Memoirs, it is Book VI of the 
Eertciootschrift (Geography). 

a) Francis Bacon, Works, l.c., p. 448. 
7) Joh. Kepier, Gesammelte Werke, Vol. XIII, p. 193 (München, 1945). 
8).]oh. Kepier, Astronomia Nova (Gesammelte Werke, Vol. 111, p_ 26. Ed. Max Caspar, 

München 1937). 
9) Galileo Galilei, Discorso sopra il flusso e reflusso del mare (Ediz. Nazion. V, nl); also: 

Dia/ogo (4th dialogue) (Ediz. Nazion. VII, 442). 
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SUMMARY OF THE WORK. 

The Tidesare treated by Stevin as a chapter of geography. His knowiedge 
of this phenomenon was determined by the conditions on the coasts of Western 
Europe, especially the North Sea. To him the tides were a phenomenon to be 
explained, as they were by Kepier, by an attraction of the terrestrial oceans by 
the moon. In this attraction there is nothing of the later Newtonian theory; 
it is simply an expression of direct experience. The same experience taught him 
a second fundamental fact: the waters were attracted not only towards the 
moon but also towards the opposite side. The third fundamental fact, also taken 
simply from experience, was the alternation of spring tide at the times of the ful! 
and the new moon, and neap tide at the times of the quarters. There is no 
trace of an attempt to account for this alternation by a combination of solar ana 
lunar attraction; the tides to him were a purely lunar phenomenon. 

Starting from this basis, Stevin derives the phenomena of the tides first by 
means of what in later years was called the static theory. The earth is supposed 
to be entirely covered with water, the surf ace of which takes the form of an 
elongated ellipsoid with the high tops exactly below the moon and at its opposite 
point, and the places of lowest level forming a circle on the globe at a distance 
of 90° between the tops. Projected upon the .ce1estial sphere, they are the place 
of the moon in the sky and itsopposite point, and a celestial circle at a distance 
of 90° from the moon. The observer's zenith, also projected upon the sphere, 
owing to the diurnal rotation describes a parallel circle with a declination equal 
to his terrestrial latitude. Thus it is a problem of spherical trigonometry: when 
the observer' s zenith passes the moon (or its opposite) at the shortest distance -
i.e. when it has the same right ascension - there is high tide; when it intersects 
the 90° circle of lowest level, the observer witnesses low tide. 

These conditions are worked out for a number of special cases. When the 
moon is in the vernal or autumnal equinox, the low-level circle is the colure 
through the poles, at 90° right ascension; high tide and low tide alternate with 
a six-hour interval (neglecting the moon' s interim motion in longitude). However, 
when the moon at 90° or 270° right ascension reaches its maximum declination 
(neglecting its latitude), the. low-level circle passes through the equinoxes and 
the poles of the ecliptic; the parallel circle described by the observer's zenith 
intersects it at a point nearer to the pole of the ecliptic, at a right ascension that 
has to be computed by spherical trigonometry. Then the intervals between the 
moments of high and low tide are unequal; the rise of the water is slow, its 
fall is rapid. Since the height of the high tide depends on the distance from 
the zenith to the moon's position, it will - for medium latitudes - if the 
moon's declination is large, be different for the two high tides of one day. 
This difference increases with the observer's latitude, and beyond 61 ° (determined 
by the maximum declination 28°.6 of the moon) one of them disappears, so that 
instead of a 12-hour, a 24-hour period in the oceanic level appears. At the 
poles there is always an interval of 7 days between high tide and low tide. 
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Thus Stevin deduces the phenomena of the tides from simple statie theory. 
But he is weU aware that the real phenomena of the tides deviate from 
this theory and are far more intricate. In the next chapters he therefore gives 
an explanation, first of the fact that high tide occurs many hours (different for 
different coasts) af ter the moon's culmination; this is due to the resistance which 
the coasts of the continents offer to the progress of the tidal wave. The fact 
that in the seas of Western Europe the high ti de proceeds in the wrong dire~tion, 
from West to East, he explains by stating that small and inland seas are only 
imperceptibly attracted by the moon. An exact treatrnent of these phenomena 
was not yet possible at that time (a century before Newton). Stevin tries to give 
a demonstration in his third proposition; comparing a small and a large vessel 
with water, he shows that in the latter a greater weight of fluid can be sustained 
by a smaller sideways pressure. Thus the small attraction by the moon is more 
effective for the oceans than for minor waters, such as the North Sea; these 
receive their motion from the progress of the tide in the oceans. Hence, the 
tidal. wave slowly runs up from the western sea eastward into the broad river 
estuaries. 

Stevin emphasizes the fact that the tidal phenomena are complicated, and 
that their theory may be highly defective. Because the opinion had been expressed 
~at the motion of the waters was due not to an attraction but to arepulsion 
exerted by the moon, he examines the consequences of such a force. They can 
be described by interchanging the expressions high tide and low tide in the 
preceding results, so .. that at medium latitudes the rise of the water is rapid 
and the fall is slow; they are at varianee with the phenomena observed. And he 
concludes his treatise with the wish that· all over the earth the tides should 
be carefully studied, in order that a satisfactory theory might be based on the 
observations. 
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neoriam.' 

CO R T BEG, R. Y P. 
~,~",W"'NgefieneM.Jaringen de fektrfie gront fljn~1s int rvoor· 

aende breder ghefeyt i4, daermen ghemeene reghelen 
uyt trech J om tot k!nnir atr fak!n tecommen ~ en dat 

~ 'k' · ~ ons deur dt[er landengroote fey/Agen, bequamer middel 
,,,:!S1.f.\_<: ,ontmoet d'ander tervooren gherv"Pees7 i4~om te gera~en 
~~;:.,j~:'~, ' tot rz)eelgherv"PiJfe errz;aringhender eyghenjèhappen 

rvanebbe enrz;loet: soobeejt ol) tottet bervoordermrvanfolcx, oirboir ghe
docht rvan defeflof em "* Sptegheling te befchr~'7JC1J, ghegrimt ten deete 
op errvaringhen dtemen nu heeft ~ ten deeleop JleUing die de natuer/jek! rtdm 
lijcliformich Jchijnt, dit,tm;de als begin;om bymanier t''C)anbejèhrerr.ien Cj)nfl 
hier af te handelen ~ en deur breed er er"Paringhen diemen namaels crijghm 
mocht, oirdentl.tck...na grondehck!r k!nni4te trachten. " 

eAngttende ymttnt denck!n mocht,dattet <'Van my <'Voor t' uytgef''C;en<'V~" 
áefen rvougheuch!rt'lJ"Vaergherv"Peefi ,{ulck.! dinghenteril fek!rlicftondn-

Jocht te hebben, oj doen onderfluc{tn: Hier op fegh iek.. dllt [uh niet een of 
'7/veynich mtrifèhens ,,-,"Vercft rv"Pefmde ,Joo hee/tmy dit de beqU4emfle 
rt-"Pech ghedocht~om op corten tijt rveel befch~yt en fek...erheytte,crijgen,rvl'ant 
'Veelmenfchen time borvefchrerr.:en gaJlaginghen rvermaentftjnde ~ t' can sJle .. 
beuren datter hun tot rverfcheyden p/AetJen meer toefuUen beg erven" dan deur 
mijtJ beflnder rvoorderin~ an bcfonder menfcben meughe1ickJoudervl'efen. 

I BE-
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OF THE THEORY OF EBB AND FLOW 

SUMMARY. 

Since experience is the surest ground, as has been said more fulIy in the 
foregoing, from which to draw general mIes in order to gain knowledge of 
things, and since thanks to the great navigations of these countries we have better 
means than before for obtaining many sure experiences of the properties of ebb 
and flow, it seemed suitable to me, in order to promote this, to describe a theory 
of this subject matter, based in part on experiences now available and in part on 
suppositions which seem to be in accordance with natural reason, which description 
may serve as a starting point, in order to deal with this in the manner of a textbook 
and properly strive to gain Juller knowledge by means of ampler experience thaJ 
may be obtained later. 

If anyone should be of opinion tha~ it would have been more fitting if, before 
publishing this treatise, I had first examined these things with certainty or caused 
them to be so examined, I say to this that since that is not the work of one man or 
a small number of men, this seemed to me the best method for getting much 
information and certainty in a short time, forwhen many people have been 
admonished to make the above-mentioned observations, it may happen that in 
:different places more people will proceed to do so than would be possible by 
my private admonition to some private persons. 
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BEGHEERTEN. 
t BEGHEERTE. 

Wy begheeren toeghela ten te vvorden,da t de l\1aen en 
hàer teghepuDt het vvater des Eertdoots gheduerlick na 
hun {uyghen. ' 

VER C LAR ING. 

~~~n. E 1'1 bevint deur' daghelickfche gh.eduerighe ervaringhen , dat 

l'oflu/8tuil; . 

ebbe en vloet van,de Maen ~hereglert ~orden. ooc,kden vloet 
ten hoochfien te commen 10 V'oUe en meu Maen, dIemen dan 
[prine kvloet noemt;maer te~lee~hfien in * vierdefchijn: Waer Q..,uaárátUJ"4~ 

~"",,",~~affulcken ghemeenen kenms lÎJnde, datmenmetghenouch_ 
faem fekerheyt van te "boren weet de urr v~n toero,iilmende ghetijden, 
tot groot voordeel der zeevaert , foo en lfi met noodich daer af toelating 
te begheeren. Maer want metdcken Ma€nkeer om den Eertcloot (die on-
trent alle 2.5 uyren eensghebeurr) twee vloeden en ooektwee ebben Com-
menjoo wort by ettdicke vermoet de Maen en haer teghepunt eeneyghen-
fehap te hebben, datfè het water na hun fuyghen.inde hooghde: Doch hl on-
feker oft inde natuer foo toegaet, want deur haer perling (t'welck t'yerkeerde 
~an fu yginá is )fouden oock dagelicx twee e bbëri en vloeddi commen. Mat':I' 
welck van teyden, ofwat ander derde nat!létlicke.eygh~fchap daer af d' oir-
faeek is,ineyn iek ónbekentte fijn deur ghebteek van ervaring. lek heb eenl-
ghe ons Indivaerders ondervraegbt ba de ghtdaente van watergheryen tot 
feker plaetiên, inaer niet connen vinden t'ghene iek föcht : Doch anghelien 
fvennoen van ettèlieke is, ffèlve deur de voörfthreven fuyging te gefèhien, 
fo ifi dat wybegheeren fukx toegelaten te wordeh,om alfo ons voorgheno-
men fpiegheling een gront te gheven, we1ckc befchreven fijhde,fullen eyne. 
lick int lladl: lactfie voorfiel fegghen wat verandering üyt perling volg hen 
foude. " 

2. B E ei H EE RT E. 

Den Eertclootheel met vvater bedeekt te fijn, {onder 
vvintof yetdatanebbeen vloet verhindcrnisgheeft. 

V E Re LAR ING. 

, De natuerlicke oirden van ebbe en vloet, wort deur winden> oock deur 
'landen boven t'water uytfi:ekende, verhinden,fulcx dat tot àne plaerfen geen 
hoochfie water en is, wefende de maen ofhaer teghenpunt int middachront. 
ghelijck de ghèmeene reghel vereyfch t volghendc d' eerfie begheerte , maer 
mach dan ten leegfien fijn;ofmin verfchillen : Tellanderen dat de vloet nic:t 
;lneommen en fal uyt den oofien.na wefien, maer uyt den weften of eenigen 
anderen oÏi·c.Ten derden datmen tot fommighe plaetfen diens toppunt ver
revande Maen is'; den' daghe1ic1dèhen vloet hoogher bcvintdan tot ander 
plaetfen overdiens toppunt de Maen gheweeft heeft,daerfe volghende t'ge;. 
!telde ten hooch!l:en foude tijn., 

" ~aet 
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We postulate that the Moon and its opposite continually suck the water of the 
Earth towards them. 

EXPLANATION. 

It is found by daily continual experiences that ebb and flow are governed 
by the Moon, and also that the flOod-tide is highest at full and new Moon, 
which is then called spring-ti de, but lowest at quadrature. This being such 
common knowledge that the hour of future tides is known beforehand with 
sufficient certainty, to the great advantage of navigation, it is not necessary to 
postulate this. But because with every revolution of the Moon about the Earth 
(which takes place once in about every 25 hours) there are NO flood-tides and 
also NO ebb-tides, it is suspected by several people that the Moon and its opposite 
have the property of sucking the water up towards them. It is, however, uncertain 
whether it happens like this in nature, for in consequence of their pressure 
(which is the opposite of suction) there would also be NO flood-tides and NO 
ebb-tides every day. But I think that for lack of experience it is unknown which 
of the NO or what other (third) natural property is the cause of this. I have 
inquired with some of our mariners sailing to the Indies about the nature of the 
tides in certain places, but have not been able to find what I sought. But since 
several people suppose that it is due to the aforesaid suction, we postulate this 
in order thus to give our intended theory a basis. And af ter this has been 
described, wewill finally say in the last proposition but one what change would 
result from pressure. 

2nd POSTULATE. 

That the Earth is covered entirely with water, without the wind or anything 
else impeding ebb and flow. 

EXPLANATION. 

The naturalorder of ebb and flow is impeded by winds, also by lands sticking 
out above the water, so th at not in all places is the ti de highest when the moon 
or its opposite is in the meridian, as the general mIe requires according to the 
first postulate, but it may be lowest or differ less. Secondly, the flood may come 
not from the east .to the west, but from the west or some other direction. 
Thirdly, in some places, whose zenith is far from the Moon, the daily flood-tide 
is found to be higher than in other places, in whose zenith the Moon has been, 
where according to the supposition it ought to be highest. 
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1806 BOVCltD E S EER TCL 00 TS'C HRIFTS, 

Maeropdat'ailedefe ongheregheltheden)oi1s~ieteJl ,'erllÎ~de~enom . te 
begrijpen de grooteghemeene 'eyghenfchap 'van ebbe en v}oet.di~ wy fple
gheliugfche wijfe \'oornemente befchl'ijve(J • foQbegheeren wyh.ttr boven 
toeghelaten te worden,denEertcloot heel met water bedeckt te fiJD, fonder. 
wint gf yet dat 3nebbeenvloet 'hinder.gheèft·, 'om daer na vande ~hedae~te 

Tiltoria GtQ-d,er belctfelen onderfcheydelid::er te meughen fpreken: 'Want gehjck"* fple.:. 
mtlr~. glièling der Meetcorifi ~~order1ickis )(- tottemeetdaet~hoe wel da~r in noch.
:;;.;;::. Geo- tans:platten en rechte lmlc~der meet~aer velden cn ~cha~en, met de vol-

eommenheyt en hcbbendle debepalmghen der Spleghehnghcn mebren .. 
·~he~,al[oo can'defefpiegheling 'oock voorderlijck fijn totte uact,v?,orname;. 
lick mtfiuck de..- zeevaert,hoe wel nochtans de formender zeen,met de yol
com rnenheytenhebben die defe ·begheerte en de volghende bepalillghen 
inhouden. . .. 

B:EP A LING·HEN·. 
BE PAL ING. 

Werende ghetrockèn een rechtelini van des Eerrcloots 
middèlpunttotte Mael1 : Het pUiltdaerfe des vvaters op'" 
pervlack gheraeckt nocmenvvy Manens vloettop: En 
t'punt déter teghenoverTeghepunts vloettop. 

v: ER CL A R.I NG. 
Latet rondt ABC 0 den Eertclootbeteyckencn) diens middelpunt E, 

welcke teenemaelbedeckt fy met water, totten omtreck F G H I toè , en dat 
ronder fiorm;wint,ofee'nich beletfel,na luyt der bovefchl,'evcn 2 begheerte: 
Voort fy het rondt K L de M~enw'ech, waer in K de Macn bedict, en L haer 
teghepunt: Welcke twee deur haer treekingniet toe en laten , het water om 
den Eertcloot fijnde,hem totte rontheyt te begheven, maer eeh eyfche fonn 

. doen hebben: lek treckdaer na de rechte lini K EL:. fnyendedes waters op
pervlack in F en H : Voort treek ick IE Greehthouekichop KL. Dit fo fijn
de, f is des vloets hoochfie ptint,of top na de Maen toe, t'wclck ickdaerom 
noem Manens vloettop. En omderghèlicke redenen H ha"r teghepunts 
vloettop. ..' .' . 

1 BE PA L ING. 

Het rondtopden Eertdootdiens pJatde rechte Iini tuf
[chen berde de vloettoppen in t middel denrrnijt~ en daer 
op rechthouckich is,noemen vvy Ebront. 

VER C LAR 1 N G. 

Als het rondt I F G overcantghefien,heet Ebront jom dat daer in aItijt 
~bbeofIceghfiewatergheféhiet. En valtdaerin tenalderleeghfien om dat 
E I cic corttl:c lini is,diemen vall des Eertcloots middelpuntE,tot des waterS 
op perv laek treeken eau. . . . 

NV 
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But in order that all these irregularities may not prevent us from understanding 
the great general property of ebb and flow, which we intend to describe in 
theory, we postulated above that the Earth is covered entirely with water, without 
the wind or anything else impeding ebb and flow, af ter which we may discuss 
more particularly the character of the impediments. For just as Theoretical 
Geometry forms a suitable preliminary to practical geometry, although in the 
latter the planes and straight lines of. the fields and bodies to be measured 
do not have the perfection which the definitions of the Theories imply, the 
present theory mayalso form a suitable preliminary to practice, especially in the 
matter of navigation, although nevertheless the forms of the seas do not have 
the perfection which. the present postulate and the following definitions imply. 

DEFINITIONS 

lst DEFINITION. 

When a straight line is drawn from the centre of the Earth to the Moon, 
we call the point where it touches the surface of the water the Moon's Flood 
Top, and the point opposite it the Opposite's Flood Top. 

EXPLANATION. 

Let the circle ABCD denote the Earth, whose centre is E,· and let it be covered 
entirely with water, up to the circumference FGHI, such without storm, wind 
or any impediment, according to the above-mentioned 2nd postulate. Further 
let the circle KL be the Moon's orbit, in which K denotes the Moon and L its 
opposite. Owing to their attraction these two do not permit the water surrounding 
the Earth to take a spherical shape, but cause it to have the shape of an egg. 
I then draw the straight line KEL, intersecting the water's surface in F and H. 
Further I draw lEG at right angles to KL. This being so, F is the highest point 
of flood, or the top directed towards the Moon, whieh I therefore eall the 
Moon's flood top. And for the same reasons I call Hits opposite's flood top. 

2nd DEFINITION. 

We eall the circle on the Earth, whose plane intersects the straight line between 
the two flood tops in the middle ·and is at right angles thereto, Ebb Circle. 

EXPLANATION. 

Thus the circle lEG 1), seen transversely, is called EbbCircle, because ebb or 
lowest tide always occurs in this. And it is lowest of all in this, beeause EI is the 
shortest line that can be drawn from the eentre of the Earth E to the water's 
surface. 

1) IFC is a printer's or clerical error in tbe Dutch text. 
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V ANDE SPIEGELING Dl:.ll EBBENVLOET. iSI 

.K 

L 

NV DE 

VOO R STEL L E N. 
1 VOORSTEL. 

T'ondc:rfouckeri de ghemeene ghedaente van ebbe en 
vloet. . . . .. 
. Om lijckformiCheyt te hebben der gheftalt van vloettoppcn en ebront toe 

alle plaelfen des Eerldóols,foo ifi voordedick Ie doen nuken een ebbenvloet. 
tuych \velcke op een Eertclool gheleYI, en daer op verrchoven fijnde na ons 
wiJle; altijl de felvetwee vloettoppen en cbront anwijfe: Hier toe heefr fijn 
Va R S TEL ie KEG HEN AD E hem in dees fpiegheling oetfenende , doen 
beIeyden feker ronden van fiijfpapier,daer me fulcx te weghe ghebrochl wiert, 
t'wetckyder totd~rgheli;cke lufthebbende,oock foroumeughen doen. Doch 
want op de heme1clooten der vaft.è ft.erren , [eker t\vee ronden en .vier punten 
ghereyckent worden,die ons verfireckcn meugen voor ebronden en vloetlop
pen van eenighe befonderplaetfen,foo fullen wy die voorbeeltfche wijfe dacr 
toeghebruycken,want den fin daer me verft.aen fijnde ,foo falfe metten bove-
fchreven ebbenvloeftuych openbaer weren int ghemeen overal. . 

Q.... 1 rOOf. 
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NOW THE PROPOSITIONS 

lst PROPOSITION. 

To examine the general figure of ebb and flow. 

In order to have uniformity in the form of flood tops and ebb circle in all 
places of the Earth, it is efficacious to have a tidal instrument constructed, which, 
when laid on a Globe and displaced thereon as desired, shall always show the 
two flood tops and ebb circle. To this end his PRINCELY GRACE, when 
he practised the present theory, had certain circles of stiff paper prepared, with 
which this was brought about, a thing which anyone having a mind to it might 
also do in this way. But because on the celestial globe of the fixed stars 
are drawn two circles and four points which may serve as ebb circles and flood 
tops of some particular places, we will use them for this purpose by way of 
exarnple, for if the meaning has been understood in this way, it will be clear in 
general with the above-mentioned tidal instrument. 
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t82 6 BoveK DE s E'Elt TCLOOTSCHR.IFTS. 

IVoorheelt gaende de Mam onder de lentfne, dat.1~o'Ven 
t' midde/ront .. 

S<t1l0/t'''' In handen hebbende etn -Heme1c1oor,ickfic1 mv voor *·leOlfneen herbfne 
~"eri;"!,,,~ (;r de twee vloenoppen te fijn , wefende de Maen onder t'begin des duyfieraers. ' 
IfUlmnlla:el11. . 

en lal aUtian cbr0ni fijn het rondt deur den 90tr.en de afpunten des Eertdools. 
Dit aldus wefetlde,foo lang de Maen onder de lentulC loopt,falt tot elcke plaet5 
Opt midde1rondt daer de Maen,bo\'en is hoochwater lijn: En 6 uyren dacr na 
(meer van weghen hacr eyghen loopontrent ~ dais6 -;- uyren) fal het ebrom 
tOt die pl:!etsghecommen fijn,en daeromalfdan,{'water ten keghIlen:En bin. 
nen ander 6 ;-uyr daer file weerom hooghe vloet , cn foo, overhant ghcduer. 
lick mctrevolghende ebbe en vloel-. 

2 Vöorbcelt gaende de Mam önder da dUyjtcr.Jcrs 90 Ir. ' 
Ten tweeden flel ick my op den HemcIdoot ;'·oor, des duyftcraers90 tr. en 

. haertcghcnoverpun t den 270 tr. de twee v loettoppcnte fijn, wè[ende de Maen 
onder den90 tr. en fal a)(öm t'ront deur de Iendile,cn desduylleraers afpUnten 
cbront fijn. Hier me en fullen de tijden mffchen ebbe en vloet niet e\'egroot 
vallen als int eerfie voorbeel I,maer verfchilIen, en dat tot d' cen pttcIs meer als 
d'ander na t'veflèbil haerder brcc:den, Om nu t'fclve te vinden tot een ghcge. 
ven breede,alsvan jotr. ick verhef den afpunt op fukken hooghde boven dm 
fichteiuder,en breng den 90 u.des duyll:eraersonder l'middachront, keer daer 
na den doot tot dattetcbront dcurfnijt het middachront inden voorfchrevcll 
~o tr. der breede,dats int toppun t: En fie hoe veel trappen des evenaers dacren
tufièhen verloopen fijn,bevinde neem ick 1.21 tr.l3 ®,die,l,S tr.op de uyrghe
rekent,bedraghen 8 uyr 5 0, voor den tijt van t'hoochfiewatc:tlouet leeghfie: 
:En van dacr tot d'ander vloet fal. fijn 3 uyr 5.5 ® , te wetc:n t'verfchil tuffchen 
S uyr 5 0en u llyrel1;welverfiaendedat hier lot ckk noch foude moeten ver. 
gae.rt worden t'ghene de Mancns eyghenloop vcroirfac:çkt, t'wekk ickcon. 
heyts hal ven achterlaet. . 

MER. C K 1'. 
Sij n V'o R S TEL t C KEG i-I E N A D E dit bm-P.'fchreven ~ vöorbeelt metten 

HemeIdoot onderfouckende, en voorder letten de Opt vervolgh van verfchey. 
den ebben cn vloeden achter malcander. heeft daer in de voJghendc oirden be:. 
mcrckt. . 

Den tijt van ebbe na de bO'vefchreven vloet, fal fijn van 3 üyr.s.s 0: En de 
volgbende vloet weerom 8 llyt j 0. Sulex dat by aldien de Maen gheduerlid; 
tiep in des d!lyfieraers 90 tr.(t·welck om de Ieerings wilfoomachghc:fte1t wor .. 
den) d'oirden \'an ebbe .en vloeI foude dulaanich fijn. . 

Ebbe 8uyr 50 
. Vloet 3 uyr 55 ® 
Ebbe3uyr.ss ® 
Vloer 8 uyr 5 ® 
Ebbe 8uyr 5® 
Vloet 3 uyr SS 0 
Ebbe 3 uyI.ss (9 
Vloet 8 uyr .5 ® 
Ebbe 8 uyr jeD 
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lst Example, the Moon moving under the 
vernal equinox, i.e. abovethe Equator. 

339 

Having in my hands a celestial globe, 1 imagine, the vernal and the autumnal 
equinox to be the two flood tops when, the Moon is at the beginning of the 

'ecliptic;then the circle through 90° and the poles of the Earth wiIl be the 
ebb circle. This being 50, as long as the Moon is moving under the vernal 
equinox, 'it will be high tide in every place on the equator where the Moon is in 
the zenith. And 6 hours later (about V-i hour more, on account of its own 
motion, i.e. 6V-i hours) the ebb circle will have reached that place, and therefore 
the water will then be lowest. And another 6V-i hours later it will be high 
flood-tide again, and so, on continually with the next ebb and flow. 

2nd Example, the Moon moving under 
the point at 90° of the Ecliptic. 

Secondly 'I imagine on the <:;elestial Globe that die point at' 90° and its 
opposite at 270° [~f ecliptical longitude] are the two flood tops, the Moon 
being under 90°, then, the circle through the vernal equinox and the poles of the 
ecliptic will be the ebb circle. Herewith the intervals between ebb and flow will 
not be equally long, as they were in the first example, but they' will be different, 
such in one place more than in another, according to the difference of their 
latitudes. In order to find it at a given latitude, e.g. of 50°, I raise the pole to 
that height above the horizon and bring the 90° of the ecliptic under the meridian, 
then turn the globe until the ebb circle intersects the meridian at the aforesaid 
50° of latitude, i.e. in the zenith, and I ascertain how many degrees of the 
equator have passed between the two positions. I find e.g. 121°13', which -
taking 15 ° to the hour - is equivalent to 8 hours 5 minutes for the interval 
from the highest to the lowest tide. And from there to the next high tide 
will be 3 hours 55 minutes, to wit, the difference between 8 hours 5 minutes 
and 12 hours, it being understood that to each there would still have to be 
added what the Moon's own motion ,causes, which I omit for brevity's sake. 

NOTE. 

When his PRINCELY GRACE examined the above-mentioned· 2nd example 
, with the Celestial Globe and further observed the sequence of many sucéessive 
tides, he noted in this the following regularity. 

The time from the above flood-tide to the next ebb-tide wiIl be 3 hours 
55 minutes, and then to the next flood-tide again 8 hours 5 minutes, so that 
if the Moon were continuallyat 90° of the ecliptic (which may thus be assumed 
for didactic purposes), the order of the tides would be as follows: 

Ebb-tide af ter 8 hours 5, minutes 
Flood-tide " 3 hours 55 minutes 
Ebb-tide ,,3 hours 55 minutes 
Flood-tide 8 hours 5 minutes 
Ebb-tide ,,8 hours 5 minutes 
Flood-tide 3 hours 55 minutes 
Ebb-tide 3 hours 55 minutes 
Flood-tide 8 hours 5 minutes 
Ebb-tide 8 hours 5 minutes 
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. VANDE Sp1EGELING DER EBBENVLO~T. J8J 
Én foo ghcduerlick voort~ . Doch valt hier dagheIicx noch fuicke verande-

ring by,als de Maenloop veroirfaeckt~ . . 
. Maerom de voorCchreven vinding des tijts deur rekening der c100tfche drie

houeken afte veerdigen, iek aenfie int eynde dervoorgaende wereking op den 
Hemelcloot, de geftalt desdriehoucx begrepen mLrchen de drie punten als Eert
eloots afpunt, Duyfteraers afpunt, mettet toppunt,en merck den houck an des 
duyfieraers aCpunt recht te weCen : De fijde . tuffchen beyde de afpunten te doen 
23 II.30 0: En de fijde van, des EertdooIs afpunt tottet toppunt 40tr. te weten 
R:hilbooch vande gegevé breede 50 tI.Suleké driehouc teycken ïcwer als AB C, 
alwael A het toppunt bedie! , B des Eertdoots afpunt, 
C des duyfieraers aCpunt,wefende den hOlJck ande fe!ve· A 
C recht,de fijde A. B van 40 tr.en B C 23 tr.30 (9. Sulex 
dat den driehouckdrie bekende palen heeft, waer me 
ghefocht den hou ek B , wort deur het 32, voorfie! der 
elootfche driehoucken bevonden van S 8 tI. 470: Die 
ghetrocken van I 80 tr.blijft 121 tr~13 0,en foogrootÏlo •. 
den vei:loopen evenaerbooch die doet vooi: t'begheerde 
8 uyrs 0. 'B 

TBEWYS. 

B A,B C, voortghetrocken totten evenaer,begrijpen daer des evenaers booch 
aisgroothcytdes houcx B, dafs 5 8 tr.47 ,0: MaerdevoortghelIOcken .BCvalt 
in desduyfteraers 270 tr.mifchcn welde en des eveilaers 90 tr.fijn J 80 tI.die ten 
tijde des hooghen waters int middachront was, daerom van den tijt des hoog
flenwaters totten tijt des leeghften dattetebront deurfneet het middachrondt 
inden SO tr.der breede,fijn verloopen ISo tr. min den houck B 58 tr.470,dats 
UI tI. 13 0,alsintwerck. 

I VER VOL G H. 

Twater is op de Iertcloots afpunten ten leeghfien,loopende de Maen onder 
den evenaer als gheCeyt is int I voorbeelr; En tenhoochften weCende in haex 
uyterfte noorrCche en zl1ytfche breede, waer nyt volght datmen daer met e1ck 
MaenCchijn maertweemael hooch wateren heeft,en tweemaelleeghwater: En. 
dattet ten leeghften fijnde daer na 0I!trent 7 daghen land~, waft,en weerom on
ttent 7 daghen dac:1t,CD fo overhant voort. Doch criJcht dcfe oirdentlickeebbe . 
cn vloetfoo da,er als overal eenighe verandering deur dien de vloettoppen hoo
gher rijfen, in faming en tc:gheitant van Son en Maen.dan aHlè een vierendeel .. 
ronts fchijn baerlick van malcandel fijn. 

~ VER VOL G H. 

Tiskennelick dat ebbe en vloet opt middeIront e1ck alti;tghedueren ontrent 
6 ~ .uyren, tot wat plac:ts de Maen oockis. Lac:tfe by voorbeelt fijn in des Duy
fleraers 90 tr. Dit foo ghenomen,hetront deur Ie lentfne en weerelts afpunten 
ilreckende is dan cbront, dat openbaerlick 6 uyren in everiaerloop verfchilt 
vanden felven 90 tr. des duyfteraers: En derghelijcke bevirit Geh oockalfoo tot 
alle plaetfendaerde Maen is, ghelijckmen lichtelicker fiet deur t'behulpeens 
papieren ebbenvloettuychsdaer int begin des I voorftelsafghefeyt is. 

Q..; 3 VER-
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And thus continually on. But to this, daily changes have to be added as caused 
by the Moon. 

However, in order to effect the aforesaid finding of tbe time by means of 
spherical triangles, at the end of tbe foregoing operation on the Celestial Globe 1 
note tbe form of the triangle contained between the following three points: the 
pole of the Earth, the pole of the Ecliptic, and the zenith, and I note that the 
angle at the pole of the ecliptic is right, that the side between the two poles is 
23°30', and that the side from the pole of the Earth to the zenith is 40°, to wit, 
the complement of tbe given latitude of 50°. I here draw tbis triangle, namely 
ABC, where A denotes the zenith, B tbe pole of the Earth, C the pole of the 
ecliptic, the artgle at the said C being right, the side AB 40°, and BC 23°30', 
so that the triangle has three known terms. When by these means the angle B 
is sought, by tbe 32nd proposition of spherical triangles 1) it is found to be 58°47'. 
When this is subtracted from 180°, there remains 121 °13', and this is the arc 
of the equator passed through, which is equivalent to the required 8 hours 
5 niinutes. 

PROOF. 

When BA, BC are produced to the equator, they there contain the equator's 
arc which is the magnitude of the angle B, i.e. 58°47'. But BC produced passes 
through 270° of the ec~iptic, and between this and 90° of the equator there 
are 180°, which were in tbe meridian at the time of high tide; therefore from 
the time of the highest tide to the time of the lowest, when the ebb circle 
intersected the meridian at 50° of latitude, 180° have passed minus the angle B 
of 58°47', i.e. 121°13', as in the trigonometrical operation. 

Ist SEQUEL. 

The water is lowest at the poles of the Earth when' the Moon moves under 
the equator, as has been said in the Ist example, and highest when it is at its 
extreme northerly and southerly latitudes, from which it follows th at there they 
have twice high tide and twice low tide in every lunation, and that when it is 
lowest, thereafter it rises for about 7 days and ebbs again for about 7 days, and 
thus continually. But this regular ebb and flow will undergo some change 
there as weIl·. as everywhere because the flood tops ri se higher when Sun and 
Moon are in conjunction and opposition than when they are apparently aquarter 
circle apart. 

2nd SEQUEL. 

It is evident that on the equator low and high ti de each always lasts about 
6Vi hours, no matter in what pi ace the Moon is. Let it be, for example, at 90° of 
the Ecliptic. This being assumed, the circle passing through the vernal equinox 
and the poles of the ecliptic 2) is then the ebb circle, which evidently differs 
6 hours in equatorial motion from the said 90° of the ecliptic. And the same 
is also found in all places where the Moon is, as is seen more easily by means 
of a tidal instrument of paper as referred to at the beginning of the Ist propo
sition. 

1) Stevin's Spherical Trigorwmetry (Work XI; i, 13), p. 234. 
2) For weerelts aspunten in the Dutch text read duysteraers aspunten. 



- 348 -

!Sof. 6 EoOVCK DES EElt TeLOO TSCHIUFT$, 

3 VE R. VOL G H. 

Hel bli jekt op den Eertcloot, dat plaetfen naerder den afpunt ,dan de M:ien 
den evenaer,alläan vam (brom niet gherocht en worden: SuJcx <latfe op dien 

. tij t foó lèeghen ebbe niet en crijghen, als wanneer bel ebrom wer over tornt.. 

ME RC KT. 

Alfóo lijn V 0 R S TEL leK E G HEN A D E het inhout des vöOrgaende 
3 vervolghs deur een Hemelcloot onddfocht , heeft met een wille1l'weten. 
wanijt dateer tOt ful'cke plaetsverloópt, tuffchen h(:tleeghfie der ebbe en 
boochfie des vloets; Maer b::vant (foo yghelickfal die dcrgheli jcke doet )al-

. tijt 12 uyren,bef1oot daer uyt dat fulek geval fom wijlen roude moeten over. 
commen alle plaetfen diens breede over de 61 tr. 3 0 0 fireckt, waht {oo veel 
blijfl'er alfm'en de Manens gro'Otfieevenaerbreede 2. 8 tr. 30 <DJ trecktvan 
90. tr.. . . 

Nu ghedenckt myeenich zee\;arent volek te hebben hooren bèvefiighen. 
datfe totplaedèn gheweell: hadden daert J 2. uyren ebde,cn Il uyren vloey. 
de,doch datfulcx niet lang en duerde, dan dat daerna weerom een onghere:.. 
ghelde ebbe en vloc:t volghde. Maer of dit om derf oidàeck ghefchiet ,daer 
foudemen befcheyt af connen weten, alfinen deerval'inghen re werek Helde 
daer int 9 voorfie1 af ghefeyt làl worden. ' 

4 VER V b L G H. 

Tis kenrielick dattet een der twee vloettoppen t' welek een geftelde plaetS. 
naefi cortu,aldaer hoogher vloet veroirfaeekt als t'ander. Waeruyt volght 
dat wefende de Maenover de noortftjde, foo fullen des Eertcloors plaedèn 
overde noortfijde g,heleghen hooghei' vloet crijgen 'lande Manens vloettop, 
als van haer teghepunts vloettop. Maer wefende het teghepunt over de 
noortlijde,dat alfdan t'verkeerde ghebeuren làl. 

M ERC KT. 

uyt het voórgaende valt te bef1uyteh, cianer op den Ecrtcloot vier mer~ 
kelicke verfchcydenheden van ebben en vloeden lijn angaende de ghedue. 
richeyt. 

Ten èel'fien opt iniddelront altijtvanontrent 6+uyren,alsint 1 voorbeelt 
cnz. vervolgh. 

Ten tweeden buyten t'midde1ront, tot op ontrem den 6.1 tr; 300 der bree
de, alwacrCc verCehillen eonnen na t'inhout des 2 \'oorbeelts. 

Ten derden \'anden 61 Ir 030 ® tor byden afpunt, daerfe tOt fominige tijden . 
dek van 12 uyren fiJn,alsint Merek des 3 vervolghs. 

Ten vierden ondlll' den afpunt,daer ebbe en vloer alti,itclck ontrent 7daghen 
duyren als intI vervolgh. -

5 VER VOL G H. 
Tis kennelick dat deur de bovtfchre\'en twee voorbeelden en vervoIghen~ 

in wele kc doettoppcn en cbronden op den HemdcIoot gheteyckeht waren~ 
!ichre1ickcan \erfiaen worden~e ghemeene regel van ander voorbeelden. 
diens vloettoppel1 en ('bront daer op niet en fijn, doch daér op beteyckent . 
connen worden metten cbbenvloettuych dael' int begin dé{es voorfie1s af ' 

gefeyt 
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3rd SEQUEL 

It appears on the Eilrth that pI aces nearer to the pole thim the Moon is to 
the equator are not reached by the ebb circle, so that at that time they do not 
get as low an ebb-tide as when the ebb circle passes through them. 

NOTE. 

When his PRINCELY GRACE examined the contents of the foregoing 3rd 
sequel by means of .a Celestial Globe, he wanted to knowat the same time 
how much time elapses in that place between the Iowest point of the ebb-tide 
and the highest point of the flood-tide. But he found (as will anyone who does so) 
this was always 12 hours. From this he concluded that this case would sometimes 
have to occur for all those places whose latitude is more than 61°30', for this 
is what remains when the Moon's greatest equatoriallatitude of 28°30' is 
subtracted from 90°. 

Now I remember that I have heard certain mariners assert that they had been 
in pi aces where the water ebbed during 12 hours and flowed during 12 hours, 
but that this did not last long and was followed again by an irregular ebb and 
flow. But whether this is due to this cause might become·known if the experiences 
to be dealt with in the 9th proposition were put to use. . . 

4th SEQUEL. 

It is evident that the one of the two flood tops which comes nearest to a 
given place causes a higher flood-tide there than the other. From this it follows 
'that when the Moon is on the north side, the places on the Earth lying on the 
north side will get a higherflood-tide from the Moon's flood top than from the 
flood top of its opposite.· But when the opposite is on the north side, the 
contrary will happen. 

NOTE. 

From the foregoing it is to be concluded that on the Earth there are four 
notabie diversities between the tides as to their alternating duration. 

Firstly, on the equator always about 6~ hours, as in the Ist example and the 
2nd sequel. 

Secondly, outside the equator; up to about 61°30' of latitude, whei:e they 
may differ, according to the 2nd example. 

Thirdly, from 61 °30' to near the pole, where at some times they both last 
12 hours, as in the Note to the 3rd sequel. 

Fourthly, at the pole, where ebb- and flood-tide each always lasts about 
7 days, as in the Ist sequel. 

. 5th SEQUEL. 

It is evident that from the above two examples and sequels, in which flood 
tops and ebb circles were drawn on the Celestial Globe, the general rule for 
other examples can easily be understood, for which the flood tops and ebb 
circle are not present thereon, but can be drawn thereon with the tidal instrument 
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V ANDE SPIEGELING DER. EBBENVLOET. Us 

gdèytis. TB ES L VY T. Wy hebben danondeifoc;ht degemeenegedaentc!: 
van ebbe ën vloet,na den eylèh. 

1 VOORS iEL. 

T'e vérclàrend'oirfaèckvvaerom na de hooghe fprinck
vloeden leegher ebben volghen dan na let:ghe vloeden. 

TwoIt dadclick bevonden dat de ebbe die nae fprinckvloet volght, leeghet 
comt dan de ebbe na vloet ontrent vierdefchijn : Sulex datmen in zccwercken 
die op diepe drooghe gront moeten ghemaeckt worden, als onder anderen nU 
ter tijt inde.bdegherde Stadt Ofrende, na fprinckvlöcr wacht, om het ftrant lee:
ghe drooch te: hebben. D' oirfaèck hierafis openbaer om defe/reden : Anghe:
lien indeform van d'eerlle bepaling l'wateI met fprinckvloe:t; die: in'!àming en 
tegnefram ghebeurr,in meerder inenichte hoogher ghetrocken WOIt an F enH; 
dan tcntijde van vierdeCchijn , Coomoetet alrdan optebroDt I G meer ghebre:
ken ,en daei: minder eh leeghc:r weCen dan ten tijdeyan vierdefchijn. 

TB ES LV Y T. Wy hebben dan vei:daert d'oir!àeck waerolil nadc:haoghc: 
fprinckvloeden Jcegher ebben volghen dan na leeghe vloeden,na den eyfcn. 

701 hier toe fijn de voorfiellen ghewceft vande ghemeene eyghenfchappen 
\'an ebbe en vloet: De v'olghende fullen van bef onder wefen, te wèten van 
de oirfaken waeroin cp beConder plaet(en des Ei:rtclOCits, de voorgaendê ghe
meen\': reghels gheen plaets en houden. 

3 VOORSTEL 

Tevcrclaren de reden, vvaerom cleene \rva teren vande 
Maen cnhaer teghepun t ; [00 hooch niet ghetrocken . en 
vvorden als groote. 

Men merckt niet dat cleene waterkens,als binnelantfche meerkens,grachten. 
water in een glas of ander vat, vande Maen opgheti"ocken worden: Nochtans 
mocht ymant dcneken; fo de eyghenfehap dcr Maen waer t'water na heur inde 
hooghde te tiecken,dat foude fo wel over fukke c1eene behooren tegefehien. 
als over ander der groote zeen:Ia datCe de deyne noch hoogher behoort te tree
ken,deurdienCe lichter fijn dan de groore. Om hier af dé reden te verclarenjlaet 
AB CD E FGeen val vol waters Hjn,eleke fijde als ABC Deen Ieehthouck: 
wefendq. voet lanck,eh 4 voet breet, en Iàltegeh defelve fijde ABC D perff"en 
cen ghewicht even ant'ghewicht F· G 
.van ;2. voeten waters deur het 
15 voorllel vande, begin felen des 
waterwichts , en t'geheel water fal 
begrijpen 64 voeten. Ghenomen •. 
VOOrt dat eleke lijde die wy geftelt 
hebben op 4 voet lanek en breer; 
ghemaeckt fy \'an 4 plancken dek 
land 4 voet,en breet 1 voet,als de E 
planckAH ID metdiergheJijcke. 
cn 1àl teghen eleke planekaneom. 
men een ghewidu even an t' ghe-

t.,~H 

" D I 

.'" B 

o 
wicht 
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mentioned at the beginning of this proposition. CONCLUSION. We have thus 
examined the general figure of ebb and flow; as required. 

2nd PROPOSITION. 

To explain the reason why the high spring-tides are foIlowed by lower ebb
tides than are low flood-tides. 

It is found in practice that the ebb-tide foIlowing spring-tide is lower than 
the ebb-tide af ter flood-tide at quadrature, so that builders of coastal defences, 
which ·have to be made on deep, dry ground, such as e.g. at the present time 
in the besieged City of Ostend, wait until af ter spring-tide, to have the beach 
low and dry 1). The cause of this is evident for the foIlowing reason: Since 
in the figure of the first definition the water at spring-tide, which occurs at 
conjunction and opposition, is raised higher in larger quantities at F and H 
than at quadrature, on the ebb circle I G there must be a greater shortage and 
there it must be less and lower than at the time of quadrature. 

CONCLUSION. We have thus explained the reason why the· high spring-. 
tides are followed by lower ebb-tides than are low flood-tides; as required. 

Up to this point the propositions related to the general properties of ebb and 
flow. The following are to relate to particular properties, to wit, to the reasons 
why in particular places of the Earth the foregoing general mIes do not apply. 

3rd PROPOSITION. 

To explain the reason why small waters are not raised as high as big waters 
by the Moon and its opposite. 

SmaIl waters, such as inland ·lakes, canals, water in a glass or some other 
vessel are not perceived to be raised by the Moon. And yet a man might think 
that if the property of the Moon were to raise the water up to it, this would 
have to happen with such smaIl waters just as weIl as with others, of the big 
seas; nay, that it even ought to raise the smaller ones higher still, because they 
are lighter than the big ones. In order to explain the reason of this, let ABCDEFG 
be a vessel full of water, each side (e.g. ABCD) being a rectangle 4 feet long 
and 4 feet broad; against this side ABCD there will press a weight equal to the 
weight of 32 [cubic] feet of water, by the 15th proposition of the elements 
of hydrostatics, and the whole of the water will be 64 [cubic] feet. Assuming. 
further that each side, which we have said to be 4 feet long and broad, be made 
of 4 boards, each 4 feet long and 1 foot broad, such as the board AHID and 
the like, then the weight pressing against each board will beequal to the weight 

1) This passage gives rather precise information on ihe year when Stevin's Ebb and 
Flow was written. Ostend was besieged from 1601 to 1604 by the Archduke Albert and 
the Spànish genera) Spinola; finally it was taken and entirely destroyed. 
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186 6 BOVClt D1!S EEllTCLOOTSCHllIfTS, 

wicht v:ln S voeten waters ,als vierendeel ,;ande 3-2. voeten ,en Mlenderin als 
fijn 16fulcke planeken; Ghenomen Voortdatdcke planel: om indic fiandt 
ghehoudcn Ie worden, <cn tCghendrucking moet h<bben vanbuyl<:n,even fo , 
fiijf als t'waler vanbinnen,dat is t'ghcwicht ghdi;ck voor ghefeyt is van 8 voet 
waters:, Hier toe neem ick tI! wefc:nlS4 vcrfchc.yden oachten ,<lfombydaerdcr 
vOOlbed t IC fpreken 64 mannen, te wclcn foo veel aHIèr voelen waters int vat 
fijn, en falcommcn t<=gen eleke planck 4- mannen. Lael nu K cm ander e1een. 
der vat vol waters fijn,ghcmaeckt alleenclick van 4 plan,ken , even en ghelijck 
n1ette voorgaenJe, enfal dat vat begrijpen 4- voet waters, fiaende 4 voel hooch. 
Dit [00 lijnde, dat );.mant nu aldus feyde:,Anghefj(:n 64 mannen·anl groot vat 
connen houden 64 voelen 'waters 4 voethooch , foo (OllDen 4 mannen 
antdeen vathouden4 voet waters ... voerhóoch,.enwildeover fukx teghen 
eleke der vier planckcn·des deen vals K, fieHen .alleençlick een man, daer tegen 
yder planckdes groot vats ghellelt fijn 4- mannen; dat waeI ghcmift, om dal te. ' 
ghen elçke planck des eleen \'alS, c,'cn [00 veel ghewicht ,perfi als leghen elckc 
planck des groot vals ·deur het 11 voorficl vande bèginklen des waterwichts. 
Sulcxdat teghen de 4 planeken des deen vats, 'niet en fouden moetengheOelt 
fijn 4 mannen,om t~walerindidtandt te houden,rnacr 'I6mannen:En vcrvol. 
ghens 4'mannen en fullen 4 voelen waters int deen vat foo hoocil niet c~nnen 
oppcdfen, a1S64- mannen fi.1Uènconnen opperflèn 64 voeten waters int groot 
,'at .Waer uynvijder \'Olght,d:\t foo een bevelhebbcrover f\,llck volck, t01een 
deen water ecn mCl1ichte v3nmanncn veroirdende, in fuleken reden ,fotte 
'mannen teghen ec-n grootwater,alshctclcen water lottetgroot,dat hy dacr me 
de cleene watéIen 100 'hooch niet perffen ·en [al als de gtoote: En alfoo is·der.· 
ghelijcke Ie verOaenmette Maen en haer teghcpunt, welcke deur haer treckirig. 
overeveveelwalers eveveel ghewelrs·doende,en trecken de deenewateren.foo 
hoocbnict als degrootc:En "er\'olghenshoe wel ry heuItIcck,endewerck foo 
fietdt doen op c1eene'water kens als ópgroote,1Oo cncaiu nochtans op de dee .. 
necom de. bovcfchreven oirfaken·nict benlerckt worden. 

TSE S L V Y T .Wy;hebben dan veIdaert de reden wäeromc1cenewatcren 
1'2nde Maen en hacr teghcpunt,fo hóo<!hniet shetrocJr.cn cn wordenalsgroo
te, naden eyfch. 

4 VOORSTEL. 

, Te vérclarendc reden 'vvaerom de. vloet tot'veel plaet .. 
{çn niet anen comt van oollen na vveften ,ghelijckde gc .. 
~~.ene reghel der {pîeghelingmebrengt. 

Het blijckt deur het 2. voorllel, datclcenewaters wohOOèh niet ghetrockcn 
en worden als groote:-Hieruyt volght dat rivierencleene·waters.-fijnde,in haet 

. felven gheen "loe.t en hebben, en dat de vloeidiemender in fiet, nietuyt de ri- , 
vier,maer uyt de zeecomr,waeruyt wijder volght ,dat alO: vande'monf<der ri. 
vieropWaert , ~f na de lantfijde, vàn wellen na ,oofien·ftreckt, dardande v.}oct 
dac:r in mOet loopen,teghen de ghemcene rcghel van wefien na ~ofien ,en die: 
fireçkingder riyierahders fijnde,locomr den vloeroock anders in. AIsdevJoec 
commcnde uyl zee in ScheldeJoopt van Berghen op ZOOm-na AmwcJ:pC1l 
zuyrwaert van d1er na Itaefiroo ghelijck haer de form der rivier leyt. Tgenewy 
hier ghdèyt hebben vandezceen een rivier., veUlaethemooa aUê»met een 

srootc: 
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of 8 [cubic] feet of water (being one fourth of the 32 [cubic] feet) , and there 
will be 16 such boards in all. It is further assumed that each board, to be kept 
in that position, must be subjected to a counter-pressure from the outside as 
great as that of the water on the inside, i.e. the weight of 8 [cubic] feet of water, 
referred to before. For this I assume there are 64 distinct forces or, to give a 
clearer example, 64 men, to wit, as many as there are [cubic] feet of water 
in the vessel; then against each board will press 4 men. Now let K be another -
smaller - vessel full of water, made of only 4 boards, equal and similar to the 
foregoing; then that vessel will contain 4 [cubic] feet of water, standing 4 feet 
high. This being so, if a man now said as follows: Since at the big vessel 64 men 
can retain 64 feet of water, 4 feet high, at the small vessel 4 men can retain 
4 feet of water, 4 feet high, and because of this he wanted to put only one 
man against each of the four boards of the sm all vessel K, whereas against each 
board of the big vessel are placed 4 men, this would be wrong, because the same 
weight presses against each board of the small vessel as against each board of the 
big vessel, by the 11 th proposition of the elements of hydrostatics 1); 50 that 
against [each of] the 4 boards of the small vessel there would not have to be 
placed 4 men to keep the water in that position, but 16 men. And consequently 
4 men will not be able to raise 4 feet of water in the small vessel to the same 
height as 64 men will be able to raise 64 feet of water in the big vessel. From 
this it follows further that if a commander of such men were to order to a small 
water a number of men having the same ratio to the men he orde red to a big 
water as the smal! water itself has to the big water, he will not thus raise the 
small as high as the big waters. And the same is to be understood for the Moon 
and its opposite, which, by their attraction exercising the same force on the 
same quantity of water, do not raise the small as high as the big waters. And 
consequently, though they exercise their attraction as much on small as on big 
waters, nevertheless it cannot be perceived on the small ones, for the above
mentioned re;lsons. 

CONCLUSION. We have tl1us explained the reason why sm all waters are 
not raised as high as big waters by the Moon and its opposite; as required. 

4th PROPOSITION. 

To explain the reason why in many places the flood does not come from east 
to west, as would be in accordance with the general rule of the theory. 

It appears from the 2nd proposition that small waters are not raised as high 
as big waters. From this it follows that rivers, being. small waters, do not in 
themselves have aflood, and that the flood seen in them does not come from 
the river, but from the sea; from which it follows further that if the direction 
from the mouth of the river upwards, or to the side of the land, is from west 
to east, the flood must enter, against the general rule, from west to east, and 
if the direction of the river is different, the flood also enters differently. Thus 
the flood coming from the sea to the Scheldt passes from Berghen op Zoom to 
Antwerp southwards, from there to Baestroo according as the form of the river 

1) This has been demonstrated in The Elements of Hydrostatics, Proposition XI. See 
Vol. I, p. 421. 
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groote zte en een cleene: Als byvoorbeelt,men ftet langs de Franfche, Vlaem. 
felle en HoUantfcheLlranden , den vloet incommen uyl weLlen na ooLlen, en 
dat deur dien de grrote wijde Spaenfche zee areekende lot America toe , ghe
fcheyden wort met Engelant en Schotlant, vànde eleene Duytfche zee, in 
wekkefukkevemeffing niet wefendeals in d'ander , foocomt de gtOote vloet 
uyt de grootezee tuflèhen Enghelant en V ranckri jek daer in vallen van weLlen 
na ooften,ghelijckwy vooren van t'vallen des vloets in een rivierghefeYI heb. 
ben(I'wekk in veel zeen fchijnende teghen de gb'emt;ene reghel der fpieghe. 
ling te wefcn,nochtans om bekendeoirfaken [00 wefèn moet. 

TB ES L V Y T. Wy hebben dan vercJaende reden waerom de vloet tot veel 
plaetfen niet an en cornt van oofien na weLlen, gheJijd deghemccne regel der 
fpieghding mebrengt,na den eyfch. . 

5 VOORSTEL. 

Teverclarcn d'oirfaeck, vvaeromdatrettotveel plact
fen gheen hoochfte vva [eI en is, vvefende deMaen of hac.I 
teghenovcrpun tin t middachront, ghehjck de ghemeenc 
reghel der fpieghelingmebrengt. 

Angefien devloet der eleene zeen, veroirfaeckl Wort deur de vloet der grome 
ghclijck int 4 voorftel ghefeyt is, foo \'olght daeruyt dat de plaetfen der cleene 
. zee naeLl de gtoote ghclegen ,eer hooch water moeren hebben als ander verdei' 
plaetfen der eleene zee: Daetom alwaert inde groote zee altij. hooch water we
fendede Maen ofhaer tcghepunr int middachront, ·fooen cant op denfelven 
tijt tOJ an'der plaetfen vene ghenouch inde cleene zee gheen hoochfie water 
1ijn:Ghelijckmen fiet in ons cJeene 1)uytfche, zee,alwaer de ooftlickcr plactfcn 
later vloeI hebben dan de wellelicker; TB[ $L V Y T. Wy htbbcn dan ver. 
claertd'oirfaeck waeromdattettot veel plaetfen gheen hoochLle water en is 
wefende de Maen of haer teghenoverpunt int middachront, ghcJijck deghe. 
meene reghel der fpiegheling mebiengt;na den eyfch~ .. 

6VO ORST EL. 

Te verclaren d'oirfaeck vvaerom fprinckvloeuot fom
mighe plaetfendeurgaenseenighe dagen later comtdan 
met volle of nieu Maen. 

Int j voorfiel is ghefeyt, dattet hoochLle water totettèlickë plàetfc:n eenighe . 
uyren gherchiet na de comft der Maen of bac:r teghenoverpunts int mîddaèb~ 
ront~ waer uyt niet vreemt en is dat de fprinckvloeden die al tij t metten boogen 
vloetcommen~aldaer oock foo veel uyren latervaUen dan na de ghemeene re
ghel: Maer etteli.cke daghen . van volle en nicu Maen,te vetfchillen ghelijck da. 
delick bevonden wort (want voor Hollandt, Coo iek'van zeevolck verfiae , ver
fchillet over de twee daghen, weftwaert min ,oofiwaert meer) dat mocht ymant 
bcdencking ghcven. Om hier af d' oirfaeck te verdàren, iek fegh voor al kenne
liek,te weren deur t' ghene ghefeyt isint 4 voorfte1, dat fprinckvloet der'rivieren 
cn c\eene zeen,niet en commen uyt haer fclven,maer veroirfaecktfijn deur de 
fprinckvloet der gtoore zce, wact uyt volght dauet verfchil des tijts tum:hen de, 

. , Q. .. fprinck· 
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directs it'l). What we have here said about the sea and a river applies in the same 
way to a big and a small sea. For example, along the French, Flemish, and 
Dutch shores the flood is seen to come from west to east, such because the 
big, wide Spanish sea, extending to America, is separated by England and 
Scotland from the small Dutch sea, and since in the latter there is not the same 
elevation as in the other, the big flood enters from the big sea between England 
and France from west to 'east, as' we have said before about the entrance of 
the flood into a river; and though this seems to be against the general rule of 
the theory in many seas, this must be so for known reasons. 

CONCLUSION. We have thus explained the reason why in many places the 
flood does not come from east to west, in accordance with the general rule of the 
theory; as required. 

5th PROPOSITION. 

To explain the reason why in many places the ti de is not highest when the 
Moon or its opposite is in the meridian, as would be in accordance with the 
general rule of the theory. 

Since the flood of· the small seas is caused by the flood of the big seas, as has 
been said in the 4th proposition, it follows th at those places of the small sea 
which are situated nearest to the big sea must have high tide sooner than other 
remoter places of ~he sm all sea. Therefore, even if it were always high tide in 
the big sea when the Moon or its opposite is in the meridian, at the same time 
the tide may not be highest in other places far enough away in the small sea, 
as is seen in our small Dutch sea, where the more eastward places have the 
flood-tide later than the more westward places. CONCLUSION. We have thus 
explained the reason why in many places the ti de is not highest when the Moon 
or its opposite is in the meridian, as would be in accordance with the general 
rule of the theory; as required. 

6th PROPOSITION. 

To explain the reason why in some places spring-tide usually occurs a few 
days later than full or new Moon. 

In the 5th proposition it has been said that in several places the highest tide 
occurs a few hours af ter the Moon or its opposite. is in the meridian, 50 that 
it is not strange that the spring-tides always occurring at the high flood-tide also' 
occur there 50 many hours later than according to the general ruIe. But that they 
should differ several days from full and new Moon, as is found in practice (for 
in Holland, as I understand from mariners, the difference is more than two days, 
to the west less and to the east more), this might give rise to objections. To 
explain the cause of this, I say first of all that it is evident from wh at has been 
said in the 4th proposition that spring-tides-of rivers and small seas are not due 
to themselves, but are caused by the spring-ti de of the big sea, from which it 
follows that the ·difference in time between the spring-ti des of a big and a small 

1) See the map on pag. 358. 



- 356 -

188 6 BO'fCK D,E S EUtTCLOOTSCHRIFTS, 

1f.rinckvlocden van 'een groorcen c1eenezee,groottrcan lijndan t'verfchildes 
tlJl~, tuffi:he~, de fprinckvloet der groote zee en een rivier, uyt oirfaeck dat de 
IJ ~Jerens fpnnckv loet om het afcornmende watc:r <iatachtcr veel hoogher is, 
niet foo "errdoopen en can als de fpripckvlocrder cleenezeé , die van achter 
foo veel niet hoogherenis. Om hier af deur een form breCder verclaring te 
docn,laet ABC D E F Ghet oppervlack der deene 'Zee beteyckenen , waer af 
~e~erheventheyt ~ , ~Y' ande mont der groote zee beduydendeden hooghen 
4111nckv loet, welcKe'bmnen fes uyren daer na ten leeghilen fijnde;cn fes uyren 
d~er na weerom t,enhoochilen,foo wort die cleenezee in gheduerlickebewC'. 
glOg ghch,ouden,mer ~'crfeheydcn hooghe fprinckvloedC'ft, en 'ebben tuffehen 
beyden, d cenachter dander, al veroirfaeckt uyt den «rfien hooghen fprinck. 
,'10ct A, wordc:nde allenci decnder en c1eender,fulcx datmen ten laelftengecn 

E G 

~, 
ebbe en vloet meer en merckt. Maer wanttet eenighe dägh'enèan a'nloopen eer 
d~n cerLlen hoogen (princkvloet A, comt totten laedlcn hoogbcn fptincvlod 
G, en dat de hooghe vloeden in aJlenieu'en volle Macn'oock den fprinck me 
brenghen aIsghefeytis, fooen cao den grootCten vloet diemen fprinck'noemt 
'an A ten grootften wefende , haer aldcrgrootfien vloet te weten frrinek an G, 
niet v~roirfàkèndan foo veeI tiHs na nieu cif voIle Maeri,als den cerftçn fpIinek 

'an,A, behouftom overal'defprinckvloedcn B, C, D, E, F. tOt G re coturnen. 
, t'wekk na da!tèt verre iscuelicke daghen an cao loopen:Als by voorbeelt: An
gelien het nalLiyt dCr Almenacken,met volle en nieu Maen hooch water is tot 
ealis tcn 10 uyren: Tot Nieupóort ten 1 I uyren : TOt Oftende ten 1 I;' uyren. 
TotBlanckcberge te 1 uyr:Tot Vliffinghen len z uyIen: Tot Bergen op Z(jOIl\ 
ten .. uyren: Tot Anrwc:rpèn tén 6uyren : Tor Bàéftroo ten 8üyren :Soo is de 
vloet 1 uyr doende met teCOmmen van Calis ,tot Nienpoort: i- uyr van Nieu .. 
poorttot Oftende: z uyreil van,Oflendetot B)ánckebe'rghe:~ uyt van Blancke~ 
bergbe tot Vliffing: 2. uyren v~n Vliffing tot Berghenop Zoóm: 2. uyrenvan ' 
Berghen op Zoom tot Antwerpen: z uyrèn van Antwerpe tot Baellr90de:, 
Maecktt'famen omden vloet te commc:n van Calis tot Baellroo I 0 uyren~ 
Waer uyt blijcktdat wanrieert te Calis fprinckvloet is,fo moetette Baeftroo 
10 uyren daer na e~rft fprinckvloet weren. En die derghelijcke berekende op 
een plaets van Baefiroo veel, verder well:waerr dan Calis,foude alfo in plaets 
van 10 uyren meughen vinden verfchil vaneenighc'daghcn : Daerom al ift 
dat Cprinckvloet ter plaets daer geen hinder en is, lh~tvolIeMaen comt,~o1-
ghende deghemeene reghel der fp!egheling , foo moe~ nochtarisci~ t'be1et 
deruytftt;kende landen, tot fommlghe 'plaetfencle fpnnckvloet eemghe1ia .. 
ghc:n nae vóIle en nieu Maen (om m,en. TB E S lV Y T. Wy hebben -dan , 
verclaert d'oirfacck, waerom fprinckvloettot fommighe,plaetfell deurgacns 
eenighedaghen lateI'Comtdaurriet volle of nieu Maen, na den'eyfch. 

7 VOORSTEL. 
"Te verclaren d'oirfaeck vvaerom tot (brnmige plactren 
verder vanden v]oettop ghdeghen als ander, nochtans 
hOQgher'vloet comt. ' 

Na' 
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sea may be greater than the difference in time between the spring-tide of the 
big sea and a river, because the spring-tide of a river, on account of the water 
flowing downward, which is much higher behind, cannot proceed as far as tbe 
spring-tide of the small sea, which is not so much higher behind. In order to 
explain this more fully by means of a figure, let ABCDEFG denote the surf ace 
of the small sea, of which let the elevation A be at the mouth of the big sea, 
denoting the high spring-tide, and since this is lowest six hours afterwards and 
six hours later highest again, thissmall sea is kept in continual movement, with 
several high spring-tides and ebb-tides between them, ,one af ter the other, all 
caused by the first high spring-tide A, which gradually become smaller and 
smaller, so that finally no ebb and flow is perceived any more. But because 
it may be some days before the first high spring-tide A reaches the last high 
spring-tide G and the high floods at every new and full Moon also bring on 
the spring-tide, as has been said, the greatest flood-tide, which is called spring-tide 
at A, when at its greatest, can only cause its greatest flood of all, to wit, the 
spring-tide at G, as much time af ter new or full Moon as the first spring-ti de at 
A requires te reach' G via all tbe spring-tides B, C, D, E, P, which may be several 
days, according to the distance. For example 1): according to the Almanacs at full 
and new Moon it is high tide at Calais at 10 o'dock, at Nieuwpoort at 11, at 
Ostend at 11.30, at Blankenberge at 1, at Flushing at 2, at Bergen op Zoom at 4, 
at Antwerp at 6, at Baestroo at 8. The flood thus takes 1 hour to come from 
Calais to Nieuwpoort, % hour from Nieuwpoort to Ostend, 2 hours from Ostend 
to Blankenberge, Y2 hour 2) fromBlankenberge to Flushing, 2 hours from Flushing 
to Berghen op Zoom, 2 hours from Berghen op Zoom to Antwerp, 2 hours from 
Antwerp to Baestroode. This makes together 10 hours for the flood to come 
from Calais to Baestroo. From tbis it appears tbat when it is spring-tide at Calais, 
it must be spring-tide at Baestroo as much as 10 hours later. And if anyone werc 
to calculate this for a place much further to the west of Baestroo than Calais, 
he might find instead of 10 hours a difference of some days. Therefore, though 
spring-tide comes at full Moon in a place where tbere is no impediment, according to 
the general mIe of the theory, nevertheless in some places, on account of the 
impediment formed by lands sticking out, the spring-tide must come some days . 
af ter full and new Moon. CONCLUSION. We have thus explained the reason 
why in some places spring-tide usually occurs a few days later than full or new 
Moon; as required. 

7th PROPOSITION. 

To explain the reason why in some places situated further away from the flood 
top than others the flood-tide may yet be higher. 

1) See the map on p. 358. 
2) These numbers fit only ifit were high tide at Blankenberge at 1.30 p.m. 
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V A NDB SPIE C ELrNG DER EBBE NVLOE T. J8~ 
Na de ghemeene reghel der fpiegheling,fo behoort den vloet ten hooeh. 

freh te wefen anden vloettop,en do plaedèn die den vloettop Î1aerder lijn,be
hooren den doet oöck hoogher te hebben als ander vel'de} daer af ghelegenj 
nochtans lietmen dadelick tot veel plaetfen t'ü:rkeerde ghebeuren. Om hier 
af d'oirfaeek te verclaren, foo îcgh iek eedl: by voorbeelt aldus: Men fiet dat 
een bare \vaterscommende teghen cel} hooft in zee u)'tftekende, darfe daer 
vooren verhoocht,ja daer overloopt veel hoogherals ander baren in zee:De 
reden daer afis defe : Soo t'voorfie der baer teghen fhooft il:eucende alleen 
wae!" fonder vetvolgh van water, het [oude als. kennelick is il:racx te rugghe 
keeten fonder fulcke hooge verheffing te doen: Maer de reft der fware groote 
baer op haet ganCk welende; en ean op foo corten tijt niet keeren,dan het 
\'ooril:e water wort opghehouden ':alt het volghehde,en dat volghende ooek 
van ander volghende, fidcx dat t'eent'ander onderhoudende en vooredrin. 
ghende,het gheraeckt tot die voorfchreven ü:rheffing, hoogher dan t'ghe
meen water der zee. Dit 'veril:acn lijnde, laet ons !Jet heel verheven water 
eens vioets nemen voor een baer,wekkeettelieke mijlen lanekfijnde, ten is 
gheen wónder dat daer af tOt fommighe plaetfen daede recht tegen an eomt, 
hoogher verheffing ghefchiet dan in zee, als by voorbeeltde vloet der groote 
Spaenfche zee,treckende na de Ieeghe deyne Duytlèhe zee áls boven gefeyt 
is,en vallende teghen de landen des inhams· van Bretaigne ,erijeht een ver
heffing boven de ebbe van 10 of I I v:uTIcn,dàts hoogherdan de vloet tot an
der plaetren die den vlocttop naerde!" lijn;ja hooger dan onder den vloettop 
felf,endatoin bekende reden~ TBESLVYT. Wyhebbendan verelaert 
d'air1àeck~waerom tOt fommighe plaetren verdervanden vloettop ghc:legen 
als ander,noehtans hoogher vloet eomt,na. den eyfeh. 

8 va ORS TEL. 

Te vercIaren d' eygenCcha pperi dieder van ebbe en vloet 
fijn [ouden, [oolè gheCchiede deur perfingder Maen en 
haer teghepun t. 

Wy hebben tOt hiertoe de faeek ghenomen, al of de Maen enhaer teghe
punt het zeewater na hun track affoghen, volghende t'inhoudt van d' eerfic 
begheertc: Maer foodereen verkeerde cyghcnfchap van pel'ling in waer, foo 
fOl\~en eeuigh.e reghelen verkeert vallen. Om van t'welck In: \'oorbeelt te 
fpreken j laet mde voIghende fb,riD de letteren van beteyckehmg Wl fen als 
inde form der I bepaling,uytghenomen dat de Maen K,en haer teghepunt L. 
nu t'water niet en treeken als daer,maer perffen als hier, fulcx dat de lini F H 
nu eorterfydan I G. Twelckfoogh.enomen,F en H fullen ebtoppenftjn, 
I G vloetrom,en veel gedaenren van ebbe en v loet fullen op verkeerde wijfe 
commen vande voorgaende des Ien 2. voorbcelts,obckdes I,~, 3, en 4 ver· 
volghs vam I vooril:el. 

Ten eeril:cn,foo faIt ter piaetIèh daer de Maen boven is leegh water fijn,te. 
ghen d'ecrfte ftelling. . 

Ten tweeden, gaende de Maen onder dcs duyfieraers 90 tr.foo fal t'ghene int 
2 voorbeelt deS I voorfiels berekent wort op 8 uyren S (D,Ctjn van 3 uyr SS (D; 
En weerom verkeen dat dacr berekent wiert op 3 uyr SS 0 ,fal fijn van 
SuyrS 0. 

Ten 
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According to the general rule of the theory the flood-tide ought to be highest 
at the flood top, and the places which are nearer to the flood top also ought to 
have the flood-tide higher than others which are further away fr om it; never- . 
theless, in practiee the contrary is seen to occur in many places. In order to 
explain the cause of this, I first say as follows, by way of example: It is seen 
that a billow of water striking on a mole sticking out into the sea is raised in 
front of it, nay, overflows it, mueh higher than other waves in the sea. The reason 
of this is the following: If the foremost part of the billow striking on the mole 
were by itself, without any water following it, it would - as is evident - at 
once turn back without rising to sueh an elevation. But the rest of the heavy 
billow, being already on its way, cannot turn back in so short a time; then the 
foremost water is retained by the next, and this next also by more that follows, 
so that, one retaining and urging on the· other, the aforesaid elevation, higher 
than Out at sea, is reaehed. This being understood, let us take the whole of the 
elevated water of a flood-tide for a wave; then since this is many miles long, 
it is no wonder that in some places against which it strikes directly it gives 
rise to a higher elevation than occurs out at sea; thus, for example, the flood-tide 
of the big Spanish sea, flowing to the low, small Dutch sea, as said above, 
and striking against the lands of the bay of Brittany, gets an elevation of 10 to 
11 fathoms above ebb-tide, i.e. higher than the flood-tide in other places which 
are nearer to the flood top, nay, higher than at the flood top itself, such for 
known reasons. CONCLUSION. We hilve thus explained the reason why in some 
places situated further away from the flood top than others the flood-tide may 
yet be higher; as required. 

8th PROPOSITION. 

To set forth the properties which ebb and flow would have if they we re 
oecasioned by pressure from the Moon and its opposite. 

Up to this point we assumed that the Moon and its opposite attracted or 
sueked the sea-water towards them, according to the contents of the first postulate. 
But if it were due to tbe opposite property, namely pressure, some rules would 
become reversed. In order to speak of this by way of example, in the following 
figure let the refere~ce letters be the same as in tbe figu,re of the lst definition, 
except that the Moon K and its opposite L do not now attract tbe water as tbere, 
but press it as here, 50 th at the line PH be now, shorter than JG. When this is 
so taken, F and H will be ebb tops, IG the flood .circle, and many qualities of 
ebb and flow will be the converse of the foregoing of the lst and 2nd examples, 
as also of the lst, 2nd, 3rd, and 4th sequels to the lst proposition. 

Firstly, in those places where the Moon is in the zenith it will be low tide, 
eontrary to the first theory. 

Secondly, when the Moon is under 90° of the ecliptic, the interval whieh 
in the 2nd example of the lst ptoposition is calculated to be 8 hours 5 minutes 
will be 3 hours 55 minutes; and conversely, what was ealculated there to be 
3 hours 55 minutes, will now be 8 hours 5 minutes. 
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Ten derden,fal t'Water op des Eertcloots afpunten ten hoochllen lijn, 100-
pende de Ma en onder den evenaer , en ten 1eeghfièn wefcnde in haer uyterfic 
noortCchc en zuytCche breede,tcghen de regheI des I vervolghs vant I voorftcl. 

Ten vierdcn,«n der twee chtoppen dat een ghefielde plaers naefi comt,ver. 
oirfaeekt aldacr lcegher ebbe als t'ander: T'weJck verfchilheefr vant 4 vervolgb 
des.I voorfieIs. 

Ten vijfden. blijeket dat plaetîen naerder den afpunt, dan de Maenden Ive. 
naer,alCdan vant vloetront niet gherocht wordcn,fulcx datfeopdien tijtfohoo. 
gben vlocrniet en crijghen,als plaetfen dacr het vloctront over comt, tegen de 
reghel vant 3 vervolgh des I voorficIs. 

Nu weJckc fielling van beyden recht is,of wat ander derde int naluerlick we. 
fen mach fijn, daer af acht iek ons dadclieke ervaringhen te ghebreken; mact 
hoemen daer toe foude meughen commen, van dies fal iek mijn ghevoelen int 
yoIghendC\'oorllel lègghen. TB ES LV Y T. Wy hebben dan \'crclaen d'ey
genfc:happen dieder van ebbe en vloet fijn fouden,ioofe deur l'crfwg der Mae.n 
~n haer teghcpunt ghefc:hiede. 

9 VOORSTEL. 

Te verclaren hoet fchijnt datmen de faeeK an {oude 
'meugen legghcn,om te gheraken totgrondelicker kennis 
van ebbenvloetdander nu af is. 

Als 
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Thirdly, the water will be highest at the poles of the Earth when the Moon 
moves under the equator, and lowest when it is at its extreme northerly and 
southerly latitudes, eontrary to the rule of the lst sequel to the lst proposition. 

Fourthly, the one of the two ebb tops which comes nearest to a given place eaus es 
there a lower ebb·tide than the other; which differs from the 4th sequel to the 
lst proposition. 

Fifthly, it appears that plaees nearer to th~ pole than the Moon is to the 
Equator are not then reached by the flood circle, 50 that at that time they do not 
get as high a flood-tide as places through which the flood circle does pass, contrary 
to the rule of the 3rd sequel to the lst proposition. 

Now I consider that we lack practical experience to decide which of the two 
theories is the right one, or what other (third) theory may be in accordance with 
nature; but in the following proposition 1 wilI give my opinion about the way 
in which such experience might be obtained. CONCLUSION. We have thus 
explained the properties which ebb and flow would have if they were occasioned 
by pressure from the Moon and its opposite. 

9th PROPOSITION. 

To explain how it seems we might proceed to gain fulIer knowledge of ebb 
and flow than we now have. 

When ebb-tide, flood-tide, and spring-tide are not in accordance as to time 
and magnitude with the general calculation of the tides to which mariners 
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VANDE SPIEGELING DER EBBENVLOE.T. '91 
Als ebbe, vloeten fprinek,nieten o\'creommen in tijt cn grootheyt, met te 

gemeene rekening der ghetijden daerde Schippers hun na ghevougen, als wat 
vrougher oflater ghebeurde, of datter leeghe v loet comr, met wint die noch
tans hooghe vloet veroirraeekt, of verkeert hooghe vloet met wint die deene 
vloet mebrengt, men Îegt dan ghemeenelick daer moer ander wint in zee fijn, 
ofghewedl: hebben,daert nochtans milfchicn ÎaI meugen ghebeurt lijn om re
denen der ghemecne reghcI die wy boven befchre\'en hebben, ofbyanderen 
daer afbefchrijveIick fijn. Doch want hier uyr ÎomwijIen volcht verlies van 
lèhip Iijfen goet, 100 en rehijnet niet buyten reden darmen rracht na fekerheyt 
en kennis dcr oirlàken deÎer fior. Maer want uyt veel ghewifiè ervaringhen de 
fekeIlle reghels gelllacckr wordcn,lo foudet reer \"Oordedick lijn dat veel men
fchen,tot jllen plaerfen des Eerteloots daert te pas can commen, daghelicx ga
floughen en opÎchreven al t" ghene fy dadclick daer af1ien gebeuren, als tot wat 
'uyr ebbe. tot wat uyr vloeI comt,metende ooekde hooghde van ydcr \'loet, en 
de leeghdev:m yder ebbe, dacr by opteyckenende de wind"'n offiilten dieder 
dan lijn,liJkke fchriften daer na int ghemeen,en (foo den Gal1agher fcIf gheen 
fi,iegheIaer en is) ter hant der Îpicghc1aers commende , Îy fouden lien hoc alles 
mene ghemecnc fpkgheling overquaem, acht nemende op des ghemeene re
ghcls belet ... an Ian~en en winden. 'fis ooek te weten dat d'onderroucking der 
ghemeene ghedaente "an ebbe en vloet daer in t i voorfic1 af ghefe)'t is, bequa
melicxt foude meughen ghefchien op deene Eylandekens in een groote zee ge
leghen,en (om geen hinder der ebbe en vloet te hebben) feer ,'ene van lant,aIs 
Sint Helena en diergheIijcke. Hier uyt foudemen meughen mereken, ten eer· 
{len ofter recht onder de Maen en haer tegepunt twee vloettoppen loopen met 
cen ebront,voIghencle t'cerile gheficlde: Of twee ebtoppen met een vloetIOnt, 
volgbende het nveede ghdlelde des 8 voorfiçls. 

J en tweeden, als de Maen onder den ev'enaer loopt, of dailebbeen vloet 
6~ uyren achter malcander \'olghen na t'inhout der fpiegheling vereIaen in des 
1 voorfic:1s 1 ,·oorbeelt. 

Ten derden,als de Maen met groote afwijcking van den ëvenaer loopt,of dan 
fuleke tijden tuflèhen ebbe en vloer, vetfchillen na t'inhoutder fpiegeling ver
c1aen in des I voorficls:. yoorbeelt ; of nae t'inhoudt des z lidtsvant 8 \'oorfieJ, 
want ons dat oeck verfekeren foude ,'an fuyging of perfing. 

Ten "ierden, ofl'water ontrent des eertcloo! s afpunten ten Ieegh Il:en is 100-
o pende de Maen onder den ever.aer, vo!ghendc t'ccrUe ghell:ddc , a:s int I ver
volgh des I voodlcls,of ten hooehllen volghende het tweede sl:dlelde, als int 
S voorfiels derde lidt, t'welek ons \"an fuyging of pcrllng oock t"oude weten
fchap ghe\·en. 

Ten vijfäen, of alfdan dien vloet hoogfi comt,wiens treekende eracht te we· 
ten det Maen ofhaer tcghepunts, naefi des * Doenders toppunt is, na (inhout E[#titm" 
der fpiegcling vel'claert in des I \'oorllels Z ,'oorbcclt; Ofandersdatde vloeden 1';",8um 
even hooch commen, maer dart er {iIIck ,'erlchil inde ebben ,'alt, t'welek uyt "TJtrllCáll. 

perling \'olghen foude. Alle wclcke dinghen Coofe bevonden wierden te over
commen mer een der twee ,'oorgaende lpieghclinghen,t'foude yerfireeken tot 
fekerheyt des handels: Maer verÎehilIende men foude deur dat ghevonden meu-
ghen trachten na verbetering. TB ES LV Y T. Wy hebben dan vereIaert hoet 
fchijm da'men de faeck an foude meughen Iegghen,om te geraken tot gronde-
licker kcnni$ van ebbe en ",loet d'ander nu afis,na den eyfch. 

EBBENVLOETS 

EYNDE. 
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conform, namely their setting in a little earlier or later, or that the flood-tide 
is low with a wind which nevertheless occasions a high flood-tide, or conversely 
the flood-tide is high with a wind which causes a low flood-tide, it is usually 
said that there must be or must have been a different wind at sea, thought it .may 
perhaps have happened on account of the general rule we have described above, 
or according to others still to be described. But because loss of ship, life, and 
property sometimes results from this, it does not seem inopportune to try to get 
certainty and knowledge of the causes of this matter. But because the surest rules 
are made from many certain experiences, it would be very propitious if in all places 
of the Earth where this may be appropriate many people were to observe and write 
down daily what they see happening in actual fact, e.g. at what time there is 
ebb-tide, at what hour flood-tide, measuring also the height of every flood-tide 
and the depth of every ebb-tide, and also noting the wind or calm at that 
moment; if such writings thereafter become public and (if the Observer himself 

. is no theoretician) fall into the hands of the theoreticians, these wil! have to find 
out how far everything was in accordance with the general theory, taking into 
account the impediment to the general rule caused by lands ànd winds. It is also 
to be noted that the examination of the general qualities of ebb and flow, as 
referred to in the 2nd proposition, might be effected most efficaciously in sman 
islands situated in a big sea and (in order not to have ebb and flow impeded) 
very far from the land, e.g. St. Helena and the like. From this, one might note: 
firstly, whether directly under the Moon and its opposite there are two flood 
tops with one ebb circle, according to the first theory, or two ebb tops with one 
flood circle, according to the second theory of the 8th proposition. 

Secondly, whether when the Moon moves under the equator, the tides succeed 
one another af ter 6y! hours, according to the contents of the theory set forth 
in the lst example of the lst proposition. 

Thirdly, whether when the Moon has great deviation from the equator, these 
intervals' between ebb-tide and flood-tide differ according to the contents of the 
theory set forth in the 2nd example of the lst proposition, ot according 
to the second section of the 8th proposition, for this would also give us certainty 
whether it is a matter of suction or of pressure. 

Fourthly, whether the water is lowest about the poles of the earth when the 
Moon moves under the equator, according to the lst theory, e.g. in tbe lst sequel 
to the lst proposition, or highest according to the second theory, e.g. in the 
third section of the 8th proposition, which would also furnish us with knowledge 
as to suction or pressure. 

Fifthly, whether then that floocl-tide will be highest for which the attraction, 
to wit, that of the Moon or its opposite, is nearest to the zenith of the Observer, 
according to the wording of the theory set forth in the 2nd example of the 
lst proposition; or otherwise whether the flood-tides will be the same height, 
but there is such a difference between the ebb-tides, which would result from 
pressure. And if all these things were found to be in agreement with one of the 
two . foregoing theories, this would provide certainty in the practical work. But 
if no agreement were found, one might strive for correction by means of the 
data found. CONCLUSION. We have thus explained how it seems we might 
proceed to gain fuller knowledge of ebb and flow than we now have; as required. 

END OF EBB AND FLOW. 
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INTRODUCTION 

§ 1 

INTRODUCTION AND GENERAL REMARKS 

The main mIes followed in Stevin's day - and even for a long time af ter 
in conducting aship safely across the ocean to her destination were: 
a. conduct the ship to the latitude of the parallel through the placè she 'is 

bound for; 
b. sail east or west along this parallel. 

A place situated on the seaboardof the continent was certain to be reached 
in this way, but the time of arrival could not be predicted. The rules equally 
applied if the land to be made was an island, but this involved considerable risk, 
as was proved all too frequently in actual fact. Indeed, a navigator would some
times guess he was west of an island, whereas actually he was east of it. If in 
such a case he headed east, he went in the wrong direction, an error which was 
not detected until much later and af ter much doubt. Stevin refers to such a case 
(p. 427), where a ship sought for St. Helena for several weeks and the navigator 
"sailed several times around it before he got there" 1). 
. The resultant prolongation of the voyage and the complete uncertainty as to 
the time at which a landfall would be made formed two out of the numero us 
and very great dangers attendant on navigation in those aays. In fact, prolonga
tion of the voyage entailed longer exposition to all sorts of wind and weather, 
a greater risk of water shortage, illness, and 1055 of lives. Such uncertainty in
volved the possibility that in the holirs of the night one might suddenly approach 
land, land which was usually a lee shore and not lit by warning lighthouses. 
Vnder such circumstances good seamanship demanded that navigators should 
keep a very sharp look-out and exercise the greatest caution, while the ship must. 
make no headway during the night, when dangers could not be sighted. Further, 
the lead had to .be kept going. But in spite of all this, in many cases ",hen land 
suddenly loomed ahead, there was neither time nor opportunity to turn the ship 
round and avoid peri! of death. Indeed, how of ten a sailing-vessel is driven on 
by the wind at haphazard, thus meeting its doom, generally with disastrous con
sequences! 

If the determination of longitudeby land and by sea had been possible, the 
seaman would have found coasts and islands in the right place on the chart. 
He would have been able to mark the position of his ship on the chart and thus 

1) When, more than sixty years later, in his Kort Onderwijs aengaende het gebruyck der 
Horologien tot het vinden der lenghten van Oost en West (see: Oeuvres Complètes de Chr. Huygens, 
Vol. XVII; La Haye 1932, pp. 191-237) ChristiaanHuygens explains the use at sea ofhis 
pendulum dock, he cites a perfectly similar instance of a considerable misconjecture and 
great uncertainty. This concerned a fleet which in 1664 wanted to make land at Fogo, 
one ofthe Cape Verde Islands, on account of water shortage. 
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would have known its position relative to the coast, in consequence of which 
the uncertainty would have been removed. But th is possibility did not exist. 
From the early sixteenth century the basic idea of the method of determining 
longitude with the aid of the chronometer and by means of lunar di stances in
deed had beenknown. But the praCtical application of both these methods was 
not arrived at until the second half of the eighteenth century. Aboard they were 
not commonly used until the nineteenth century. 

During the sixteenth, seventeenth, and eighteenth centuries a sol ut ion of the 
great problem was diligently and passionately sought in countries like Portugal, 
Spain, France, England, and the Netherlands, where the seafaring trade flourished 
and tbe art of navigation was practised and developed scientifically. The 
problem was studied in those countries both by sailors, who daily feIt the lack 
of knowiedge, and by scholars. The latter made proposals on a great many 
points. But many more ideas - fantastic ideas in our eyes - were advanced by 
seafaring and non-seafaring men, who thought they could make useful suggestions 
and thus hoped to receive the high pecuniary rewards offered for the solution 
of the problem. The thought and endeavours of all these people form the 
subject-matter of an important and fascinating chapter of the history of navi
gation, a chapter which bears the heading "The Problem of Longitude". 

A self-contained andcompletedsection of this chapter must be considered 
to be formed by the efforts which sought the solution in the deviation of the 
magnetic needie from tbe astronomical meridian 2). The title of this part should 

S) The vertical plane through tbe vector representing the geomagnetic force bears the 
name of the plane of the magnetic meridian, and the intersection of this plane with the 
horizontal plane is called the magnetic meridian, direction of the magnetic north, or 
magnetic north and south line. It is the direction in which a magnetic needie pivoting 
on a vertical pin aligns itself under the inftuence of terrestrial magnetism. In general 
this direction does not coincide with the astronomical meridian, which is also called 
tbe true north and south line. The magnetic meridian may deviate to the east or to the 
west of the astronomical meridian. The angle between these two meridians is called 
declination. The merchant navy speaks . of variation of the compass, a name which will 
be used henceforth. In the navigable parts of the world the variation is an acute angle. 
(see tbe figure on page 368) 

For a given place on theearth the amount ofthe variation is not constant. It is liable 
to a very slow increase or decrease (secular variation), further to a small diurnal ftuctu
ation, and sometimes to sudden irregularities. 

At tbe present day maps exist on which lines have been drawn joining the places 
where tbe variationhas tbe same value, expressed in degrees; these lines are called 
isogonics. The lines joining the pi aces at which the variation is nil are called agonics. 
These maps mention the secular variation. They make it possible to 1ind the amount of 
the variation for a given point at sea and for a given year. It is dear that the diurnal 
ftuctuation arid the above-mentioned irregularities cannot be taken into account. 

When a magnetic needie is not directed exclusively under tbe infiuence of earth 
magnetism, but mounted on board a ship where disturbing inftuences due to surrounding 
iron occur, the magnetic needie will deviate from tbe magnetic nortb and soutb line. 
This is called deviation. 

In those days ships were made of wood. Deviation thus could not be due to the ship's 
iron, but it could be caused by tbe nearness of guns, objects of iron in tbe neighbourhood 
oftbe compass, knives in the pockets of tbe helmsman, etc. It is known that a warning 
was sounded against such inftuences as far back as the seventeenth century. It may tbere
fore be assumed that navigators were on their guard with regard to this point and that 
the compasses referred to in the present introduction showed no deviation, so that this 
deviation wilJ not be taken into account and no more reference will be made to its 
existence. 
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be: "the determinationof longitude at sea by means of the variation of the com- . 
pass" 3). The matter played a part around 1500 to the second half of the eighteenth 
century. 

A good many people in Holland as well as elsewhere tbought and wrote about 
this subject. In the sixteenth century opinions about the possibility of using the 
variation for the determination of longitude differed widely, between absolute 
rejection and hopes of complete success. Stevin was among the convineed 
champions. His Haven-Finding Art, published in 1599 4), is a lucid scientific 
treatise, in which the author, making use of existing observational data, states· his 
view of the magnetism of the earth. In an intelligible idiom he sets forth a 
method which is to enable the seaman, on the streilgth of the variation of the 
compass needie observed by him, to conduct his ship unerringly to her destina
tion, without being kept in uncertainty and without having to knoweither the 
geographical longitude of the place for which the ship is bound or the longitude 
of the ship at sea. In Stevin's time, however, the. data about the magnetism of 
the earth were extremely scanty and quite insufficient to base thereon such a method 
of determining longitude. It was not until the eighteenth century, wh en more 
information about the variation of the magnetic needie on the oceans had been 
collected, that the method became of practical value and, for want ofanything 
better, was used andappreciated by mariners. The basic idea of Stevin's system 
then proved to be correct. At tbe present day, when the variation has been measured 
everywhere and charls show its value for any given place in any given year, 
a rough determination of longitude by this method would be possible. But the 
need of this .solution is no longer feIt. Nowadays ships are steered across 
tbe ocean by astronomical navigation, while the chronometer, checked by means 
of radio time-signals, forms the backbone of this system. It is hardly necessary 
to refer to up-to-date electron ic aids to navigation in this place. 

However, all this does not alter the fact that Stevin has supplied the material 
for a particularly interesting page out of the· history of navigation. His treatise 
mar be called a verr remarkable book, remarkable for its place in this history 
as weIl as for its contents. 

§ 2 

THE PLACE OF THE HAVEN-FINDING ART AMONG 
SIXTEENTH-CENTURY TEXTBOOKS ON NAVIGATION 

The question may be asked whether The Haven-Finding Art is one among 
the early publications on navigation in Holland. 

The navigator of the second half of the sixteenth century, sailing along the 
seaboard of western Europe and to the Baltic was in aposition to consult short 
elementary treatises on navigation, which were incIudedin some "rutters" and 
atlases destined for this trade. Such books gave a description of the route as well 
as some information about the compass, about the calculation of the hours 
of high and low water, about plane charts, etc., the latter with a view to the 

8) In § 5 this subject is to be briefly discussed under this title. 
') Works, X. 
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compilation of maps 5). But in consequence of the rapid deve10pment of deep 
sea navigation in Holland there was a growing need of wider nautical know
ledge, required for carrying on this trade. It is natural that people looked to tbe 
country which had long been in possession of knowledge and experience of deep 
sea navigation to supply this want. It was Spain which provided the required 
instruction,. botll directly and also· indirectly via England. This development may 
be. briefly outlined here. 

In 1580 a Dutch translation of Medina's Atte de navegar 6) appeared at Ant
werp 7). Although the book had been written by one who was no sailor, it was 
looked upon as a standard work, and it had become very famous and wide1y 
diffused. Of the original work, which had appeared 35 years earlier, Italian, 
French, and English translations had long been in existence. To tbe Dutch 
edition the Antwerp mathematician and nautical expert Michie1 Coignet added 
an excellent commentary, Nieuwe' Onderwijsinghe 8). This latter work, wruch 
was better adapted to practiee than was Medina's Arte, argues the great nautical 
knowledge of the expert author. The said translation of Medina, combined with 
Coignet's· appendix, was reprinted several times at Amsterdam, invariably by 
Corne1is Claeszoon, publisher of a great many books on nautical subjects. In 
1598 he already published the fourth edition, which points to a rapid diffusion 
even in Holland. It appears that the book, in its combination witb. Coignet's 
treatise, played a useful part in the advancement of nautical knowiedge. 

The textbook of Zamorano 9), which was greatly valued in Spain and passed 
through four reprints there, appeared in a Dutch translation at Amsterdam in 
1598 10) .The book of William Bourne 11 ), based on Spanish sources, which 
was. highly popular in England and was repeatedly reprinted there, appeared in 
a Duteh translation at Amsterdam in 1594 and onee again in 1599 12). 

The fact that the emimeration of the textbooks available in Holland in 1599 is 
thus exbausted shows tbat Coignet in. the southern and Stevin in the northern 
Netherlands . were foremost among those who devoted treatises to scientific 
navigation, although mention must also be made of Adriaan Veen, who in tbe 
same period and during the early years of the seventeenth century tried to serve 
ocean navigation with his charts in tbe form of a spherieal cap 13). The sailors, 
who traditionally learned to sail and find their way at sea in practice, through 
instruction by old salts and their own watchfulness, and who regarded this as 

5) See: Cornelis Anthoniszoon, Onderwijsinge vander zee, om stueTmanschap te leeren, 
derdewerf nu ghedruckt, neersteliJck ghecomgeerdt ende verbetert. Anno 1558. Described by 
J. Keuning, Tijdschrift ~on. Ned. Aardrijkskundig Genootschap, 1950, p. 687. See 
further the works of Lucas Jansz. Waghenaer and others. 

8) Pedro de Medina, Arle de navegar. Valladolid 1545. 
1) Pedro de Medina, De zeevaert oft conste van ter zee te varen. In onse nederduytsche tale 

overgeset ende met annotatiën verciert bij M. Merten Everaert Brug. Antwerp 1580. 
8) Michiel Coignet, Nieuwe onderwijsinghe op de principaelste puncten der zee-vaert. Antwerp 

1580. 
81 Rodrigo Zamorano, Compendio de la arte de navegar. SevilIe 1581 . 

10 Rodrigo Zamorano, Cort onderwijs van de Conste der zeevaert. Amsterdam 1598. 
11 William Bourne, A Regimentfor the Sea. London 1574 .. 
11 William Bourne, De const der zee-vaerdt. Amsterdam 1594. 
13) Contained in his book: Tractaet vant Zee-bouck houden op de ronde gebulte pas-kaert, 

Amsterdam 1597, which forms part of his Napasser, Amsterdam 1597. Adriaan Veen 
tried to overcome the defects inherent in the sea charts of those days by teaching hls 
readers to work out the sailing problems on segments of tbe globe. 
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sufficient, were as a rule reluctant to learn from arm-chair theorists, unacquainted 
with day-to-day practice. Stevin was of cour~e aware of this re1uctance, but it 
did not deter him, sound scientist as he was, from" putting his work and his· 
discoveries at the disposal of seamen. Stevin, being convirtced that he had some
thing valuable to offer, made an attempt to improve safety atseaand, if possible, 
to solve a burning question, a problem which the navigational world was yearn
ing to solve. His work roused the interest of· Prince Maurice, for he gratefully 
rdates (p. 431 )how the Stadtholder had acquainted himself with· the subjeèt and. 
had become convinced of the possibility thus opened for greater safety in naviga
tion. The Prince gave orders for navigators henceforth to determine carefully,' 
with the aid of suitable instruments, the variation of the magnetic needie in the 
places at which they touched, and to submit the results of their observations to 
the Admiralty. The latter was to publish the data thus collected. In this way the 
Stadtholder backed up Stevin. His measures advanced the research on terrestrial 
magnetism, the result of which wasexpected to. benefit navigation. " .. 

FinaUy it may be observed that the "Privilege" with which The Haven-Finding 
Art opens shows that the States General of. the United Netherlands by letters 
patent of 18th March 1599 granted to Christoffel van Raphelingen, printer at 
Leiden and a grandsón of the famous Christoffel Plantijn (Christophe Plantin) 
at Antwerp, for a period of six years, the sole right of printing, publishing, and 
seUing this book. We also read there that Van Raphelingen intended to publish 
the treatise not only in Dutch but in Latin, French, and other versions as wen. 

Van Raphelingen brought out Latin and French editions almost simultaneously, . 
but he" did not af ter all publish the treatise in other translations. The English 
translation, . which we owe to Edward Wfight, was printed and published in 
London, also in 1599 14). 
" The name of the writer does not occur in the original Dutchbook. Stevin's 
authorshipappears from the Latiti translation, which is due to Grotius. Inthe "de
dication", dated lst April 1599, Stevin is mentioned as such (p. 4), and th", same 
is the case in Wright's preface (page B-2 verso) to his translation, the title of 
which is: The Haven,finding Art. Reference may further be made to Snellius, 
who says in his Tiphys Batavus 15) :' "But this subject has been treated by others 
and it induced our Stevin (Stevino nostro) to write his ijaven-Finding Art (suae 
Limeneuretices). You wiU find it in 'the work Wisconstighe Ghedachtenissen of 
H.R.H. Prince Maurice, which was translated' into "Latin' and "published by us 
previously." 

§ 3 

THE CONTENTS OF THE HAVEN-FINDING ART OF 1599 

a. STEVIN'S "CONJECTURE" ABOUT TERRESTRIAL MAGNETISM 
"It is known, says Stevin, that for a long time past, especially af ter the great" 

voyages of exploration to the Indies and America, people have sought for means 
to determine longitude at sea, so as to make it possible to reach one's destinàtion. 
However, all these attempts failed. Some investigators had hoped that the vari, 

~~~X"" " 
. ~5) Willebrord Snellius, Tiphys Batavus sive histiodromice de navium cursibus et re navali. 
Lelden 1624, p. 67. " ". 
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ation of the compass might furnish the basis of a method for the deter
mination of longitude, and they had ass'umed a magnetic pole, by which they 
understood a point on the earth towards which any magnetic needie, no matter 
where it was mounted, would point. But experienee had taught that the variation 
had nothing to do with such apoie. This idea therefore had been found to be 
unsound. By emphatically rejecting such a magnetic pole, Stevin reveals one of 
the foundations of his stand point, which was diametrically öpposed to that of his 
great contemporary Petrus Plancius, the famous cartographer and scholar who 
prepared the ground scientifically for the important first nautical expeditions of 
the Dutch and taught the navigators who were sent out on these voyages. 

Stevin goes on to say that investigations had indeed furnished a method which 
made it possible to head for the desired harbour unerringly, even if neither the 
longitude of the place of the ship nor that of the harbour in question was known. 
The only requirement was that one had to know the amount of the variation 
for the place of destination and had to be able to determine this for the place of 
the ship by observation. One thenhad to follow the parallel of the port of desti~ 
nation to a point where the variation was identical with that holding for that 
place. By observing whether the variation measured was increasing or decreasing 
the navigator learned whether he was sailing in the right direction. This method 
appeared so sound to Stevin that in his opinion the position found by dead reckoning 
had· to beconsidered less reliable than the result obtained in this way. He regards 

Fig. I 

the variation of a given place as con
stant. 

Stevin dismisses the objection that· 
several places with the same variation 
might be situated on the same parallel. 
This need not cause errors, since such 
places were very far: apart. 

There was . yet another reason why 
knowledge of the variation was nee
essary. The navigator of an ocean-going 
ship had to know it if he was to be able 
to deduce the troe· course from· the 

L,--_.1-.J-f~?l~:oiiii:Qii1lii8 course steered by the compass, in order 
tore-ëind-Qtt line I h h bi toearn ow t es p was moving on 

the surface of the earth in relation to 
the meridians 16). As a ruIe the 
seaman assumed that his compass -

16) The course which is steered and kept while sailing by the compass is the angle 
between the compass needie and the fóre-and-aft line. It is read into degrees or points 
on the division at the circurnference of the compass card. Since the present discussion 
does not take account of deviation due to iron in the vicinity, the direction pointed by the 
compass needie implies the direction of the magnetic north and south line. In this case 
therefore the course steered is the angle between the magnetic north and south line and 
the fore-artd-aft line. Because this course is measured by reference to the magnetic north 
and south line it is called the magnetic course (I). 

The direction of the ship mayalso be measured by reference to the meridian. This 

(Continuation on next page) .. 
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constructed in such away as to allow for the variation found at his port of departure 
- continued to point to the true north throughout the voyage. Most sailors had no 
idea that the variation changed as they moved across the earth. In consequence errors 
arose in the data about directions, or in the positions of places, which data they sub
mitted upon coming home, with the object of marking them on charts and on 
globes. Large:scale inquiries and collection of data in the matter of measurement 
of the variatioq were desirabie to avoid such inaccuracies. As has been said, the 
Stadtholder urged home this desirability by his measures and orders. 

It is in this connection that Stevin recommends the use of a compass with an 
adjustable needie, a type which was in use side by side with other compasses in 
Holland as weIl as elsewhere. With such instruments it was possible to set the 
needie for the value of the variation at the place in: question, so that the north 
and south line invariably indicated the true north or the direction of the astrono
mical meridian' and the courses steered by such a compass were true courses. 
Compasses of this typecontinued to be made and used by the Dutch until far 
into the nineteenth century. 

For the benefit of those who wanted to study th is matter the book contains a 
table of the values of the variations in a number of places, in so far as they had 
already been observed, which values Planciushad "collected by protracted labour 
and not without great expense from different corners of the earth, both far and 
near". It was to Plancius, writes Stevin, thatcredit would be chiefly due if by 
this system it were to be possible for the seaman to reach different lands and 
harbours~ Stevin feels obliged. to express his gratitude, for the numerical data 
were taken from Plancius, and it must have been quite a job in deed .to collect, 
elaborate, and arrange them. But in his theoretical discussions Stevin does not 
follow the train of thought of Plancius. He adopts a course of his own, which 
- as has been said - was of importance. for the pratice of navigation during a 
period long af ter his day, whereas the theories of Plancius were soon exploded. 

Before publishing the table and proceeding to discuss it in detail, Stevin, being 
a scientist who. hopes to make a contribution to the solution of the problem of 
determining longitude at sea, addresses the seaman who will have to supply the 
further data. He provides him with a golden rule aiming at the advancement of 
both theory and practice. Even if further observations of variation, latitude, and 
longitude should furnish values different from those listed in the table and if 
consequently differeÏlt explanations should have to be framed, this was not to deter 
the seaman from the'inquiry; on the contrary, he was to do eyerything that might help 
to collect more information about the method, with the ultimate object of jointly 
finding its true character. In his concluding sentence (p. 459) Stevin says once more 
that if the results of later inquiries should be different from the outlook on· the 

(Continuation of note 16) 

course is called the true course; it is the angle between the meridian (or true north and 
south Hne) and the fore-aIid-aft Hne (2). . 

The course steered, which is read on thecompass-in this case the magnetic course
is reduced to the true course with the aid ofthe variation. The amount ofthe variation 
in degrees therefore has to be added or subtracted. Once the true course is known; the 
direction of the path followed by the ship can be drawn on the chart in relation to the 
meridian. 
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variation based on the table of Plancius, it will be necessary to modify ,the 
conclusions. 

It was actually in this way that the theory was developed. The orders of the 
Stadtholder were obeyed and Stevin's wish was fulfilled, though much later than 
he may have hoped. Indeed, we know that the gaining of an understanding of 
terrestrial magnetism was a process which required several centuries. The sea-, 
man may consider himself fortunate in having advanced the art of navigation by 
making ample contributions to the knowledge concerning the indications of the 
magnetic needIe on the earth (see § 5). Even in the present century he made 
some valuable contributions. The scientific investigation of terrestrial magnetism 
is still far from being complete even to-day, but it is no longer a subject of study 
for the seamen. 

For 24 places on the northern and for 19 pI aces on the southern hemisphere 
the table gives the variation, the latitude, and the longitude, the latter being 
reckoned by reference to the meridian through Corvo, one of the westernmost 
islands of the Azores. The easternmost places given are situated in longitude 160° E. 
They are the mouth of Canton River in China in latitude 23° N. and "Bunam, 
46 German mil es to the east from the eastern end of Java" in latitude south 17). 
No data are supplied for the part of the world to the west of Corvo and to the 
east of Canton, i.e. a part comprising 200 degrees of longitude. The observations 
which Plancius had received about that part of the world from Spanish, English, 
and Dutch sailors were not in conformity with one another, "because they had 
been taken without suitable instrurnents and sufficient knowiedge" . Plancius was 
looking forward to receiving new and more accurate data. 

The variation is nil in the island of Corvo. Going eastward on the northern 
hemisphere, we find easterly variation which increases to 13° 24' at Plymouth; 
upon which it decreases to zero at the island of Hjelmsöy, at about '30 miles west 
of the North Cape, and according to the table in longitude 60° E. On the southern 
hemisphere, east of the meridian through Corv:o, the variation is also easterly, 
increasing from zero to the maximum of 19° in the vicinity of Tristan da Cunha 
3:nd then decreasing again to zero in longitude 60° E. It appears that the two 
maximum values lie in longitudé 30° E., i.e. on the mid-meridian of the lune 
contained between longitude 0° and 60° E.; this lune is called a "perck" (seg
ment) by Stevin. 

Stevin draws special attention to the regularity he seems to detect in these 
figures, and on this ground he arrives at a, bold conclusion. In fact, he "con
cludes" that the value zero of the variation hólds for the whole meridian through 
Corvo - from one pole to the other - and equally for the meridian through 
Hjelmsöy. The maximum values faU on the mid-meridian of longitude 30° E. 
He assumes that the increase of the easterly variation holds for the whole lune 

1') 46 German miles stand for a distance of 184 nautical miles, because 15 German 
miles are reckoned for one degree oflatitude of60 nautical miles. Bunam or Bima, on the 
north coast of "Java Menor", is to be found on the map of China, etc. by Van Langeren 
1595 (reproduced in Vol. XLIII of the Linschoten Ver., Map V) and on the map of 

Javl1 (in the Caert-thresoor, 1598, p. 61). It is referred to as Buma on the page ofthe 
2nd edition of the map of the world of Plancius, reproduced in Wieder; Monumenta 
Cartografica, Vol. 11, 1926, p. 40 111. The place Bima and Bima Bay are situated on the 
north coast of the island of Sumbawa; 
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between 10ngitudesOO and 30° E., and the decrease for th at between longitudes 
30° and 60° E. 

The phenomena in the lune between longitudes 60° and 160° E. confirm this 
picture. Here we have westerly variation, increasing from zero to the maximum 
value of 33° near Novaya Zemlya in the northern, and to 22° at the island of 
St. Brendan's in the southern hemisphere, upon which it decreases to zero in the 
meridian of longitude 160° E. again in both hemispheres. The places in which 
the two maxima occur again lie on the mid-meridian of the lune, viz. in longitude 
110° E. 

The conclusion now is obvious. The meridian of longitude 160° E. is a line 
joining points where the variation is nil, a line which is now called an agonic. 
The meridians of longitude 0° and 60° E. too are agonics. The increasing varia
tion holds for the whole lune between longitudes 60° and 110° E., the decreasing 
variation for the lune between longitudes 110° and 160° E. 

When in his attempt to give a picture of terrestrial magnetism Stevin here 
assigns a particular property to all pI aces situated on the same meridian because 
in one or two points of that meridian either a value zero or a maximum value is 
found for the variation, he takes a view held by others before him. This point is 
to be discussed more fully later on. Stevin leaves it an open question how one is 
to conceive the difference of the variation on the mid-meridian, considering that 
unequal values are found in the northern and the southern hemisphere. To him 
the main thing is whether during a movement either to the east or to the west an 
increasing or a decreasing variation is observed. 

For the part of' the world comprising 200 degrees of longitude for which 
Plancius possessed no observational material, but for which he was expecting. 
fuller and more reliable data, Stevin merely states how he "somewhatsuspects" 
the magnetic needie will point there. On the same lines henow continues as fol
lows. 

The property of the magnetic needie of pointing to the north on the meridian 
through Corvo and through those of longitude 600 and 160° E. is also assumed 
by him for those of longitude 180°, 240°, and 340° E., i.e. the meridians in the 
longitudes 180° away from longitudes 0°, 60°, and 160°. All these lines are 
agonics. In this way the surface of the earth is divided into six lunes, with alter
nate easterly and westerly variation, each subdivided into one half with increasing 
and one with decreasing variation. In each of these lunes the maximum falls on 
the mid-meridian, i.e. the 30th, the 1l0th, the 170th, the 210th, the 290th, and 
the 350th meridian. 

In a remark at the end of his theoretical discussion Stevin cautiously calls his 
picture a "conjecture", which may not be confirmed by observation. He regards 
the whole picture as descriptive of the division of the earth's surface in connec
tion with the behaviour of the magnetic needie. However, he has great confidence 
in the core of his idea, viz. the possibility of reaching a place on the earth with 
the aid of the latitude and the value of the variation. This confidence appears 
from the instanee given on pp. 456 - 458 of a voyage from Amsterdam to Brazil. 
Here again he considers the results more reliable than the longituqe deduced Erom 
the course and the distance sailed. Thus he is able to conclude his discussion with 
the hopeful expectation: "If therefore the needle-pointing and the latitude are 
duly observed in all corners of the world and made known to everybody, it will 
be possible to sail the world in another way than hitherto". 
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Stevin's method also enables ships - which have been scattered by a storm, 
for instanee - to assembie at an appointed place at sea. . 

We have thus seen how the learned author ventures to draw conclusions from 
a small number of observations, holding only for one· sixth of the earth's surface. 
The regularity he has found is met with again in the hine between longitudes 60° 
and 160 0 E., upon which he utters the "surmise" that it will also hold for the rest 
of the earth's surface. The picture here outlined was to help the seaman to find his 

. destination as long as the great problem of the determination of longitude at sea had 
not yet been solved. 

Stevin makes no attempt to account for all these things in his. treatise. He ex
plicitly rejected a magnetic pole, a point on which he was right .as long as this . 
pole was considered the centre at which the magnetic needie had to point. In his 
refusal to assume a magnetic pole Stevin took up a standpoint diametrically op
posed to that of Mercator as weIl as Plancius. 

In our view his "conjectures" and "surmises" appear extremely speculative. 
Many· contemporaries, hankering as they were af ter the possibility of determining 
longitude at sea, held a different view of the matter from ours. 

b. THE MEASUREMENT OF THE VARlATION OF THE COMPASS 
ACCORDING . TO STEVIN 

As was to be expected, Stevin's treatise expounds in what way the variation of 
the compass can be determined on board a moving ship, even though - accord
ing to the author - many people wereacquainted with this subject. 

The instructionsfound on pp. 461 - 465 do not call for much comment. They 
state that if a mariner's compass is used, this should be one in which the magne
tic needie coincides with the north and south line of the compass card. In taking. 
a bearing one has to hold a vertically suspended cord near the compass in such a 
way that the shadow cast by it passes through the centre of the graduation. The 
place of the shadow on the graduation is read before and af ter noon at equal 
altitudes of the sun. The point situated midway between the two observations 
indicates the direction of the meridian. Since the needie coincides with the north 
and south line, thè amount and the direction of the variation are thus found . 

. The observation could also be taken by means of a compass-needle pivotally 
mounted in a box, against the inner wall of which the graduation had been marked. 
During the observation the box had to be held in such a way that the needie 
coincided with the zero line of the graduation. Otherwise the method remained 
unchanged. 

There were some navigators who used a compass fitted with an adjustable 
azimuth circle, which is described on p. 467. On p. 468 it is illustrated, unfortu
nately not completely, for though the drawing does show the bowl, the needie, 
and the azimuth circle, it does not include the system of suspension. The latter 
it said to have been an invention due to Reynier Pietersz, who had suspended 
the instrument "on two different pins, in the manner of the mariner's compass". 
For steering compasses this sus pension system was quite familiar at the time. It 
is usually called an invention of Cardanus (1501-1576), an Italian mathematician 
and physicist, astronomer, and professor of medicine at Pavia. But with regard 
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to an azimuth compass it was indeed justifiable to speak of an invention, as wiIl 
appear in § 4 b. -

Along the graduated circumference of the quadrant an àlidade, equipped with 
sights, was adapted to pivot. This made possible a rough measurement- of the 
altitude of the sun or another heavenly body. Thc azimuth quadrant turned 
on á pivot mounted in the centre of the glass cover. To ensurc its remaining per
pèndicular to the glass cover of the bowl as it turned, it was provided with two 
lateral supports, as mentioned in the text. The bowl was weighted on the under-

- side 50 as to ensure the horizontal position of the cover. Along the circumference 
of the bowl as weIl as on its inner wall, graduations had been provided,in such 
a way that the zero points of the two coincided. On the formcr the direction of _ 
the quadrant could be read. The nee dIe was set to the zero point of the latter. 

The observation took pIa.ce as follows. The adjustment -of the compass needie 
was brought about by the rotation of the compass bowl within its gimbalring. 
Owing to the deviations from the course to-Ieft and right due to the movement 
of the ship as she sailed, th is adjustment was undone. Accordingly, for the neu
tralization of this so-called yawing the bowl had to be repeatedly turned to the 
right and to the left by hand. At the same time the quadrant had to be directed 
towards the sun. Once the quadrant had been given the right direction, the turn
ing and readjustment of the bowl alone sufficed to maintain the proper adjust
ment of the needie as weIl as that of the quadrant. When thishad becn achieved, 
the angle between the quadrant - or, which comes to the same thing, the azi
muthal direction of the sun - and the compass needie was read on the graduated 
circumference. 

Later in the day a second bearing was taken at an altitude of the sun equal to 
that of the morning observation, af ter which the amount of the deviation of the 
needie from the meridian appeared from the readings of the morning and the 
afternoon, i.e. the deViation was equal to half the difference between these read-
ings. _ 

In the same way it waspossible to determine the deviation by night at equal 
altitudes of the same star. With the aid of the moon this was impossible - as 
Stevin writes - in view ofits rapid proper motion and its large parallax, due 
to its short distánce from the earth 18). --

The allegation th at the rapidity of the moon's motion gives rise to errors is 
already to be found in William Bourne, A Regiment for the~ Sea, in the chapter 
on "How to find the true meridian" (in the edition of 1577 on p. 28). About 
the taking of bearings it is stated: "you may do the like by night by any of the 
starres that you perfectly do know, doing. as you do by the sun in all points, but 
youcannot do it so wel and truly by the moone, by the meanes of the swiftnesse 
of the moones motion in the Zodiack". There exist Dutch translations of Bourne's 
book, published at Amsterdam in 1594 and 1599. It seerris fairly probable that 
this work was available to Stevin. 

18) These words willhave to be interpreted as a not untimely warning: do not take 
bearings of the moon. The reason why this should not be done is not expressed very 
felicitously. It is especially the rapid change in the declination between the instants of 
observation which may give rise to errors, for an increase or decrease of 2° is quite 
conceivable. Other inaccuracies fall within the limits of the errors of observation. 
Perhaps Stevin c~sidered it superfluous to give an exact explanation. 
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At the end of the chapter there is yet another warning. When the ship is in a 
region where the variation changes rapidly as one sails eastward and westward, so 
that the variation is not the same for the morning and thè afternoon position, this ap
pears fromthefact that the deviation found by combining the first forenoon.and the 
last afternoon observation does not agree with that obtained by the combination of 
the last forenoon· and the first afternoon observation. According to Stevin this 
need not point to inaccuracy on thepart of the navigator. The phenomenon might 
even serve to gain some idea of the speed with which the variation changed 
during a known number of sailing hours i 9) . 
- Let us devote some attention to this remark of Stevin's. 

It is only if the change of. the variation due to the movement of the ship is 
considerable and moreover is not equal during equal movements -, i.e. if· the 
change is irregular- that the phenomenon referred to can be revealed. In that 
case high demands as regards accuracy of measurement are made on the compass.·· 
It is beyond doubt that the compasses of those days could not yet meet these 
demands. . 

But Stevin, who knew no more about the amount of the variation in various 
points on the earth than he mentions in The Haven-Finding Art, can have had 
no idea of the speed withwhich the variation changed in consequence of the 
said movement of theship, nor can he have known whether this .change was 
regular or irregular. He is not likely to have possessed observational data about 
this. If this had been the case, he would no doubt 'have mentioned.it in this 
context. 

In answer to the question what may have induced Stevin to make the above 
remark two suppositions may be suggested. Either' we have to regard it as an 
entirely theoretical one, which arose in the mind of a mathematician who had 
reflected profoulldly about his problem, or - what is more likely - the source 
must be sought in England again. In fact, in this connection attention may be 
drawn to an interesting booklet, viz. Robert Norman's The Newe Attractive, 
London 1581 20). 

In Chapter 9 Norman 21) disputes the view of those who assume that the 
change of the variation from one place to another is regular; he explains quite 
clearly that he feels justified in speaking of reg~arity if, with àn equal move-

19) Stevin has omitted to drawattention to an influence due to the change in the 
latitude through the movement ofthe ship and one in the declination ofthe sun between 
the forenoon and the aftemoon observation. Either he forgot to mention it or he con
sidered these influences to be of minor importance for practical purposes. The 'change 
in the declination, which can be no more than a few minutes of arc, indeed does not 
have to be taken into account. The change in the latitude wiIl seldom have amounted 
to more than one degree. 

10) Robert Norman, The Newe Attractive,' containing a short discourse of the magnes or 
loadstone, and amongst other his vertues of a new discovered seCTet and subtill propertie, concerning the 
declining of the needie, touched therewith under the plaine of the Horizon. London 1581. Reprinted 
in 1585, in 1596, and again in 1614. 

11) Norman (t 1596), who in the 18 or 20 years of his seafaring life had diligently 
collected data about the behaviour of the compass-needle and who, after having settled 
on shore, became known as "Norman, the compass-maker", was the discoverer of the 
inclination of the magnetic needie, which phenomenon he describes in his booklet. "A 
matter never before found or written by any", thus William Borough calls this phenome
non in the preface to bis book A Discourse of the Variation of the Cumpas or Magneticall 
Needie, London 1581, which was intended as an "annexe" to Norman's treatise. 
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ment of the ship is associated an equal change of the variation. Martin Cortes, 
too, had assumed this regularity. But Norman caUs the assumption an error. 
According to him no such regularity exists. In some regions the change is rapid 
and sudden, in others it is slow.For the same place on the earth, however, the 
deviation remains constant. 
Norman expresses the wish that sailors on .their voyages may observe the 
variation with accurate instruments, a practice which wiIl benefit them at a later 
date, in particular in those regions where the variation changes rapidly over short 
distances. Norman does not state how the phenomenon is revealed by observation, 
as Stevin does. 

It may be. considered probablethat Stevin was acquainted with Norman's view. 
Further it is quite conceivable that the wish of Norman just mentioned was the 
origin of Stevin' s similar wish, as weIl as of Prince Maurice' s order of 1599 about 
the collecting of observational data. 

c. THE LATIN TRANSLATION 

The jurist Hugo Grotius (1583-1645), a figure famed in world history, at the 
age of 16 years had translated The Haven-Finding Art faithfully· into elegant 
Latin. The title of the translation is: . 

Limenheuretica, sive porluum investigandorum ratio. 
Metaphraste Hug. Grotio Batavo .. 
Ex officina Plantiniana apud Christophorum Raphelengium. 
Academiae Lugduno-Batavae Typographum. 1599. 22) 

Grotius wrote for the booklet a dedicatory epistie, addressed to the Doge, the 
·'Senate, and the people of Venice and dated Delft, Ist April 1599. This date 
shows that the translation appeared almost simultaneously with the original Dutch 
version. It is not merelyon account of the courtesy of' the wording that th is 
dedication is worth reading. It also contains some personal impressions of the 
author. It drives Stevin's meaning home to the reader more clearly than he him
self had done and it throws fulilight on the importance attached toStevin's work 
by the leader of the country, Lieutenant-Admiral Prince Maurice. 

Grotius relates that he had .met the Venetian ambassador while accompanying 
the Dutch embassy sent to Paris. Af ter making a polite comparison. between 

. Venice and the Republic he states he had resolved to dedicate a work' to the 
Venetians. The favourable occasion which was worthy of them and which enabled 
him to add a contribution of his own - a reference to his dedicatory epistle -
had now arisen. He was able to offer and recommend a booklet containing in
structions given by the Prince to the commanders of the navy and to their boards, 
to be followed by them. The Lieutenant-Admiral himself had previously· studied 
the subject. 

Af ter a circumstantial discussion of the development of ancient navigation and 
the knowledge of the compass,' Grotius recalis how on voyages from east to west 
the compass-needlehad been found to deviategradually and not inconsiderábly 

.18) WOTks. X. 
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from the true north, which had caused great doubt and uncertainty among seamen. 
Thanks to prolonged observation of the magnetic declination at different times 
and pi aces it had been found by the most learned mathematicians - as one of 
whom he con~iders Prince Maurice - that this was no mere accident, but th at 
in nature a certain regularity (ratio et norma) existed according to which the 
pointings of the needie varied. The Prince had now presented these instructions, 
written about the matter by his mathematician Stevin, to those in authority in 
maritime affairs, in order that, if there should be found to exist disagreement 
between theory and personal observation, every effort might be made to deduce 
a rule from different experiments. 

In order that as many data as possible might be collected, the Prince had 
decided to present the booldet to the Doge, so that the Venetian navigators might 
take similar observations, which would make for greater certainty in the finding 
of any destination: 

Grotius concludes his dedicatory epistle with a general recommendation of the 
method and with the wish that "this small present" might be sympathetically 
received, "which will be of benefit to both parties and to the whole of the human 
race". 

The high expectations that were entertained - by the Prince in particular -
of the fmits of Stevin's work could hardly be expressed more eloquently. 

d. THE ENGLISH TRANSLATION 23) 

Not long af ter the appearance of the Dutch edit ion of The Haven-Finding Art 
an English translation was published, prepared by the mathematician and nauti
cal expert Edward Wright (1558-1615), famed in the history of navigation .. 
He added a solemnly worded dedicatory epistle to Charles, Earl of Nottingham, 
Lord High Admiral of England, dated 23rd August 1599. Wright very urgenti}' 
solicits the admiral's interest in the subject, which was considered by Prince Maurice 
to he of exceptional value for deep-sea navigation. 

Wright had undertaken the translation in order to spread the knowledge of 
this method among all English seafarers, although he was aware that there we re 
EngIish navigators who had found the position of their ship by means of latitude 
and variation "more then ten yeres since" . However, his countrymen were not to 
be behind the Dutch, and that was why he recommended this useful booklet -
he calls it "this Dutch Pilot" - to the admiral, requesting him to induce English 
seamen to test the method and to take observations all over the world. 
"Proofe already made by some of our skilfullest English navigators" had already 
raised good hopes of success, a success which would benefit not only seamen, but 
also "the whole body of the Christian commonwealth". 

Af ter this, in an introduction Wright wishes "Richard Poulter, the maister and 
brotherhood of Trinitie House and all English mariners and sea-men in generall 
that love the perfection of their owne profession, health and happiness". Wright 
here uses the words in which Grotius had addressed the Doge and the Venetians, 
and he expatiates on the wide importance of the knowledge of the variation for 
the improvement of navigation. 

. The two introductions are followed by the translation of the body of T he 

11) WorM, X. 



- 383 -

377 

Haven-Finding Art, with the exception of the Appendix at the end. The figures 
are reproduced extremely faithfully. " 

The name of Edward Wright lives on in lhe history of navigation on account 
of his famous book Certaine Errors in" Navigation Detected and Corrected, of 
which three editions appeared, viz. in 1599, in 1610, and the last in 1657,pu
blished posthumously and edited by Joseph Moxon. When Wright revised the 
work for the second edition and addressed Henry, Prince of Wales, in a dedica
tory epistle, in which he described in glowing colours the perfect state of ship
ping and navigation at that time, he evinced such great confidence in the system 
of haven-finding that this nautical writer, who was one of the greatest experts 
of his country and his age, wrote: "this variation performeth almost so much in 
effect as the invention of the longitude". 
" Since the translation of The Haven-Finding Art already existed, Wright did 
not consider it necessary in 16'1. 0 to include this treatise in his book, but he did 
add An Addition Touching th"e Variation of the Compasse, an essay of only three 
pages. There was a definite reason for his writing this addition. The opening 
paragraph at once gives the explanation of it. In fact, it is stated that "some have 
been of opinion that there be two magneticall poles" . The author mentions no 
names, but the identity of his adversaries is revealed by Moxon, in his preface 
to the reader in the third edit ion of Certaine Errors referred to above. It was! 
Anthony Linton and his followers who propagated this theory, which resembles 
that of Plancius. Linton published a small book 24) coiltaining an enumeration 
of all sorts of improvements to be made in navigation. One of them concerned 
the possibility of determining the longitude from the variation. The starting-point 
was that although "a great learned man and his followers absolutely denie that 
there is any fixed pole magneticall", there must be two fixed magnetic poles, 
which furnished the basis for the possibility of determining a ship's position. 
Both magnetic poles were situated on the surface of the earth, within the arctic 
circles, one in the Arctic and the other in the Antarctic regiöns. They were alto
gether different from the geographical poles and were unlike anything written 
up to that time about magnetic pales. Linton imagined these two pöles to be 
joined by a magnetic axis passing through the centre of the earth. A magnetic 
equator with parallels and meridians could be imagined at right angles to the 
line joining these poles. The meridian through the two magnetic and the two 
geographical poles had to be regarded as the prime meridian. IE the variation and 
the latitude of a place were known, it was assumed to be possible to determine 
the longitude of this place by "arithmeticall calculation". Conversely, if the lati
tude and the longitude of a given place were known, the variation for th is place 
could of course also be calculated. 

In his AdditionWright refutes this opinion. In accordance with his views, al
ways assuming that the magnetic pole must be the central point towards which 
the magnetic needie points, wherever it is placed on the earth, logically there 
would have to be as many pairs of magnetic poles as agonics were known.All 
those poles cannot be reduced to two. Wright draws abrief conclusion: Linton's 

24) Newes cif the complement of the art cif navigation and cif the mightie EmPire of Catai a 
together with the Strails of Anian. by A. L., London 1609. 

The author mentions his name, AnthonieLynton, in the dedicatory epistle on page I. 
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supposition "is absurd and therefore no such magneticall poles". In other words: 
away with them! 

W right finds the impossibility of such magnetic poles confirmed in a series of 
values of the variation of the compass which follows the Addition. The obser
vational data had partly been supplied by the author himself, but he had obtained 
the majority from English and foreign mariners. The table runs to twe1ve pages 
and contains 283 values for places wide1y dispersed over the earth, a very con-
siderable extension indeed of the original material of Plancius of 1599, published ç 
by Stevin at the time. 

It thus appears that Wright made no alterations in Stevin's train of thought. 
There can be no magnetic pole, at least none of the kind imagined at that time. 
The variations of the compass are enumerated and listed such as they had been 
observed. No attempt is made 't~ give an explanation of terrestrial magnetism. 

And there the matter rested. As already said, Moxonpublished the third 
edition of Wright's book, because he considered it undesirable for the English. 
nation "that this so usefull a book 'should sleep it self to death". The Addition 
of 1610 was printed unchanged at the end, along with the list of the observed 
variations. As an appendix he included The Haven-Finding Art, the text being 
that of the translation of 1599. It is curious that the same book thus contains 
both the list of the variations of 1599 and the enlarged list of 1610, now published 
again af ter almost fiftyyears. Although this seems to indicate stagnation, 
progress did exist in the matter of the knowledge of the variation; this will be 
discussed in § 5. 

e. THE FRENCH TRANSLATION 

The French translation 25) bears the following title: 
Le Trouve-Port, traduict d' Alleman en Françoys à Leyde en I' Imprimerie de 
Plantin, par Christoffle de Ravelengien, Imprimeur juré de I'Université de 
Leyde, 1599, avec privilège. 26) 

The vignette on the title-page is the same in the Dutch and the French edition. 
The unknown translator has close1y followed the origina~ text. The booklet con
tains na dedicatory epistle, like the two other translations, nor any preface to the 
reader or the like, so that no data are present giving special information about 
this version. On the last page the Privilege is reproduced. It is given in Dutch 
and is perfectly identical with that in the original edition. It is probably the same 
type. 

f. STEVIN'S VIEW OF THE SYSTEM OF "THE HAVEN-FINDING ART" 
IN 1608 

Nine years af ter the publication of The Haven-Finding Art the great collective 
work Wisconstighe Ghedachtenissen, beschreven door Simon Stevin, Leiden 
1608 27) appeared, in two volumes. 

85) The French translation of The Haven-Finding Art is not present in any Dutch 
library. Two copies of it are to be found in the Bibliothèque Nationale de Paris. 

") Works, X. 
17) Works, XI. 
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Volume I includes, as tbe "Fifth Book of Geography", the. Haven-Finding Art 
(pp. 163-175) 28). A comparison of the text with that of 1599 reveals points 
of resemblance as weIl as differences. 

Long passages were taken over literally, such as the description ofthe finding 
of the variation of the compass at sea and that of the azimuth compass of Reynier 
Pietersz .. The table with the values of the variations, originating from Plancius, 
has been reprinted and once more forms the starting-point of the discourse. The 
expression of gratitude to Plancius too is present. Just as he did in 1599, Stevin 
also emphatically rejects tbe magnetic pole in the text of 1608. In both cases he 
utters tbis central idea quite at the beginning .. 

A sentence has been added in. which the author says emphatically that he is 
going to speak of "haven-finding", not of "longitude-finding,which would be a 
wider subject and would be. of greater worth" . The· work has been abridged by 
the omission of several passages. The order of other passages has been changed. 

From tbe omissions a changed view may be inferred. .. 
Whereas in 1599 the statement that the meridians through Corvo and Hjelmsöy 

were agonics and that a maximum value for the variation occurred on the mid
meridian was for Stevin a "conclusion" based on the data, in 1608 he writes: 
"from tbis it is suspected that these properties canbeassumed". Stevin therefore 
has grown more cautious in his wording. ." .' . 

Tbe text concerning the agonic in longitude 1600 E. and the meridian of 
longitude 1100 E., with the maximum value of the variation, is taken over. But 
the. parts east of longitude 1600 E. and west of Corvo are no longer spoken of. 
The figure illustrating the six agonics and. the text concerning the six lunes, each 
with an increasing and a decreasing variation, have been dropped. Apparently he now 
considered his earlier "conjecture" too speculative to maintain it. 

In 1599 Stevin wrote that Plancius was expecting "any day" to receive new 
observations, taken on board ships which had been away for more than fourteen 
months. In 1608 ·tbey do not seem to have reachedhim yet, for he now writes 
of Plancius: "but he expects . to receive more accurate information about it". 
Although therefore the lack of observations from remote regions . is the reason 
why the list of the variations is neither enlarged nor correctèd af ter nine years, 
one strongly suspects tbat acquaintance with newer data induced Stevin to make 
the above-mentioned alterations in the next and to be more cautious in his wording. 

Like the starting-point of his theory, his confidence in his system of finding 
a destination through knowledge of the latitude and the variation of the compass 
is unaltered. The text ibout the deviation of the compass in the vicinity of· Am
sterdam, tbe result obtained during the voyage to. Brazil, tbe preferente of 
the position' obtained to that by dead reckoning, the story ofthe' ship that 
missed St. Helena, to be found on pages 4 to 6 in the edition of 1599, all have 
been taken over literally in the edition of 1608. Stevin concludes with the fol
lowing words: "Thus far the appearance of the variations following from the 
data of the table haS been described. If other, more exact observations should 
prove different in the future, other conclusions will have to be drawn from 
them, and in navigation the best must always be followed". 

Tbe Wisconstighe Ghedachtenissen were translated into. Latin ànd published 
in two volumes under the title: 

18) Works, XI, i, 25. 
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Hypqmnemata mathematica.' Leiden 1608. 29) 

Volume I contains: 
Liber quintus geographiae de Limenheuretiea, 
metaphraste Hugo Grotio Batavo, 

with in: the margin the words: Portuum investigandorum ratione. , 
From this title it may be seen that Grotius again prepared the translation, for 

which naturally he now followed the text of 1608. No further rerriarks therefore 
have to be made about this, with the exception of one. 

When in 1599 Stevin had written: "From this it is concluded", Grotius had 
translated: ex hisee eoncludere volumus. But when in the edition of 1608 Stevin 
used a weaker expression andwrote: "from this it is suspected", Grotius still 
wrote: ex his eonc/udere volumus. Since the translator thus continued to speak of 
"concluding", he failed in this respect to render Stevin's meaning accurately. 

Finally it has to be mentioned in what form The Haven-Finding Art was in
cluded in 

Les Oeuvres mathématiques de Simon Stevin ... Le tout reveu ... par Albert 
Girard, 1634. 30). 

In Volume Il, p. 171, we find: , 
Cinquiesme ,Iivre de la Géographie. Du Trouve-Port ou la manière de trou
ver les Havres. 

This again is the text of 1608. Here the change in Stevin's words has been 
taken into account. Whereas the French translation of 1599 reads: "de eed on 
veut eonc/ure", in that of 1634 we find: "de ceey on a opinion". 

There are no indications of any other editions or versions of, T he Haven
Finding , Art' having appeared since, then. 

§ 4 
, , 

THE ME:ASUREMENT OF THE VARIATION OF THE COMP ASs 
" . -. 

a. THE MEASUREMENT OF THE VARIATJON OF THE COMPASS 
. BEFORE STEVIN'S DAY. 

It has been .said before that Stevin, when proceeding to discuss the determina
tion of the variation of the compass, begins with the remark that this subject 
was "known to many people". This was no doubt true. In fact, sixteenth-century 
navigators had examined special phenomena observed by them at sea and they had 
tl?e good sense to publish their measurements. W riters of nautical textbooks 
dealt with the subject. In the latter part ofthe sixteenth century Dutch seamen too 
on their ocean voyages determined the amount of the variation and recorded it' 
in their log-books. But in practice most sailors did not concern themselves about 
the variation. They knew by heart by what courses they could reach their' desti
nation and sailed "by sight". The art of findirig 'their way they had "niostly 
learned by their own experience and by the instruction of öld and experienced 
pilots", as Coignet wrote in, his Nieuwe Onderwijsinghe of 1580 and in its later 
editions. Since for the application of the system of "haven-finding" it was neces: 
sary to know the variation of the magnetic needie, it is obvious that fOr: the sake 

Be) WOTks, XI, b. 
80) WOTks, XIII. 
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of completeness Stevin devoted some space to the subject. What he writes about 
it is baSed on foreign works available at the moment, and further - as far as 

. Holland was concerned - on the work of Reynier Pietersz. Stevin was not origi-
nal on this point, as wiIl appear from the' fOllOwing discussion. 

It is known thát Columbus on his first voyage across the Atlantic took bearings 
of Polaris 31) in the early and the latter part of the nights of 13th, 17th, and 
30th September 1492. We do not know whether he did or did not take these 
observations with the aid of a special instrument. A bearing instrument is first des
scribed in'a Portuguese manuscript of 1514 32), but unfortunately this description 
is not very dear, so that no reliable idea can be formed of it. 

A perfectly dear description i$ given by Francisco Faleiro, a Portuguese in the 
. service of Spain, in his textbook ATte dei Marear of 1535 33). In Chapter VIII, 

in which the northeasting and the northwesting of the compass-needle are discussed, 
the author describes the construction of an instrument for détermirting the varia
tion of the needie. It is a round, flat disc, in the centre of which a magnetic 
needie has been mounted. About the compass pivot as centre a graduation, con
sisting of four times 90°, has been marked on the disco Coinciding with the line 
0°-180° and' perpendicular to the plane of the disc is a small rectangular plate, 
which serves as a shadow pin. In the figure iIlustrating the text the latter is not 
shown .. 

The observation is taken at .. noon. The instrument is held.in the hand in such 
away that it is horizontal and the plate casts no shadow. The lineoo-1800 then 
lies in the meridian and the needie indicates the variation on the graduation. 
It is also possible to' take the observation in the forenoon and the afterhoon at 
equal altitudesof the sun and to read the two indications of the needie .. During 
the second observation the mean of the readings indicates the direction of 
the meridian, while the angle which the needie now makes with this direction is the 
variation sought. Faleiro prefers the latter method of taking the observation 
because it can be performed many times a day. The observation at the sun's 
greatest altitude· on the other hand might be inaccurate because the moment of 
noon could not be petermined exactly. Finally observations at sunrise and sunset, 
of which in the same way the mean is taken, afford a third rnethod' for obtaining 
,the desired result. ,Although nowadays this instrument appears to us to belittle 
suited for use on board, because, while holding it horizontal and at the same 
·time directing it, one has to compensate the rolling, pitching, and yawing move
ments' an:d chánges of the heeling of the ship by movements of the hand, from 
Faleiro's text it is quite ,evident that it was destined for use at sea' 34). 

, 81) "Taking a bearing of Polaris" or of the sun is the process of measuring the angle 
between the compass needie on board and the, azimuthal direction of Polaris or the sun, 
as the case may beo . 

82) This manuscript is discussed in § 5, p. 393 .. 
aa) Francisco Faleiro, Tratado del esphera y del aTte del marear. Seville 1535. Facsimile 

reprint edited by J. Bensaude, Histoire de la sciencè nautique portugaise. Vol. 4, .Bernel 
Munich 1915. Chapter VIII, Del nordestear de las agujas, p. 79. 

at) Alonso de Santa Cruz-an inhabitant of SevilIe, who died there in 1572-in 1536 
was appointed cosmografo real and was a renowned cartographer. He also made con
tributions to the development of the art of navigation, in particular to the problem of 
the determinationof longitude. Following his attendance of a junta of cosmographers, 
astronomers, and scholars he wrote a treatise en~itled: 

(Continuation on next page). 
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In discussing the compass and its properties, Medina 35) draws attention to the 
taldng of bearings during riavigation, saying: "the Pilot should adjust his ~eedle 
to Polaris" 36), waiting for the moment at which the "guardians" or "wheels" 
(/3 and y Ursae Minoris) are northeast and southwest of Polaris, because the 
latter is then in the meridian. Chapter VI describes how the direction of the 
needie can. be tested by taking two bearings of the sun at equal altitudes, the 
shadow cast on the' card by a style being read before and af ter noon, when the 
shadow has the same length. However, this is a method for use on land, to find 
whether the instrument has been properly made, not for determining the variation 
of the compass at sea. Medina did not believe in the existence of variation, and 
thus he made no contribution to the development of this nautical subject. 

Zamorano 37) (Chapter XVIII) also teaches the observation of the Pole Star, 
but he caUs the method "uncertain" (ocasionada a error, says the Spanish text). 
In addition' his book contains the above-mentioned testing method. But he pre
sents a new method for the measurement of the variation of the compass at sea 
and on land, viz. taking a beari!1g of the sun at sunrise and at sunset. At the 
end of his book he depicts a simple instrument, by means of which the point of sunrise 
or sunset in the horizon is found graphicaUy, the declination and the latitude being 
known.This instrument therefore furnished the solution of the problem, which 
is essentially one of spherical trigonometry. With one instead of two observations 
the desired objective was now reached. It was the Englishman Thomas Harriot 
(1560-1621) 38) who afterwards compiled for this purpose a table of ampli-

(Continuation of note 34) 

Libro de las longitudines y manera que hasta agora se ha tenido en el arte de nauegar. 
This ,treatise, which he dedicated to Philip 11, has been preserved in manuscript at 
Macirid. The year ofits appearance is not recorded, but this cannot be prior to 1536, 
since he calls himself cosmografo mayor of the king. In 1921 it was published. 

He devotes a good deal of space to one of the numerous methods for the determination 
of longitude discussed by him, viz. to that by means of the northeasting and north
westing of thecompass needie. In this context the same instrument as that of Faleiro is 
described, with the only difference that here a central shadow pin is mentioned. The 
meridian and the magnetic declination are determinèd by observation of the sun in the 
forenoon and the afternoon, at equal aItitudes. The inventor of this instrument is re
ported to be Felipe Guillen, dispenser and inhabitant of SevilIe, an .intelligent and 
mventive.man, who enlisted in the Portuguese navy in 1525. In the treatise the instrumellt 
is called "muy comun en Portugal". Although Guillen is looked upon as the inventor, by 
AI. de Santa Cruz, it is much more probable that it is ofPortuguese origin. 

A description' of the construction and the use of the instrument, equipped with a 
vertical central shadow pin, is also to be found in Nunes, Tratado da Esphera, 1537 (p. I.p) 
(See.the facsimile edition of this book by J. Bensaude, Berne/Munich 1915). A1so m: 
Hellmann, Rara magnetica, and in: TerrestTÏal Magnetism and Atmospheric Electricity, 
1943-1945. Harradon, Some early contributions to the history ofgeomagnetifTTI. . 

U) Pedro de Medina, Arte de navegar. Valladolid 1545. Book 6, Chapter 111, p. 83 and 
Chapter VI, p. 86. . ' 
. 16) "El piloto para marcar sus agujas mira el estrella del norte para las marcar por elia . ••• " 
(marcar = to adjust). 

87) Rodrigo Zamorano, Compendio de la arte de navegar. SevilIe 1581. Reprints.in 1582, 
1586; 1588, 1591, 1596. Dutch translation in 1598. English translation by Edward 
Wright, included in hls work Certaine Errors in Navigation, 2nd edition of 1610, and again 
in the 3rd edition of 1657. The nwnerous editions and .translations. indicate the wide 
diffusion of this book. 

88) E. G. R. Taylor, The Mathematical Practitioners of Tudor and Stuart England. Cam-
bridge 1954, pp. 182 and 333. . 



- 389 -

383 

tudes forevery degree of, declination of the sun and for every d~gree of latitude 
up to 540 39). 

Abook widely used and valued in England in the last decades of the, sixteenth 
century wasthe textbook of William Bourne entitled A Regiment for the Sea, 
which first appeared in 1574 40). A Dutch: translation, under thetitle of De 
Const' der zee-vaerdt, was puhIished at' Amsterdam in 1594, and ,again in 1599. 
For the determination of the variation of the compass .at sea the author gives five 
methods, viz. observation in the' horizon at sunrise and sunset and taking the 
mean of the readings, taking a bearing of the sun hefore and af ter noon, at equal 
altitudes, ditto at noon, when' it is in the meridian, two observations, of a star, 
and finally taking a bearing ofPolaris. Ohservation of the moon is stated to be 
inadvisable. 

With the exception of Faleiro,the authors hitherto cited do not sayanything 
about the use of an instrument specially fitted for taking obseniations on board. 
It thus has to he assumed that the observation was taken with an ordinary mari
ner's compàss of the type that was being used tp steer hy, and that the shadow 
cast on the card by a vertically suspended string or a vertical pin in the middle of 
the glass cover indicated the azimuthal direction of the sun. 

An instrument specially constructed for the purpose, i.e. a true azimuth com
pass, is first found in Williaffi Borough (1537-1598), who during his seafaring 
years studied the variation of the compass-needle in order to make possible accu
rate navigation. About this subject hewrote an important treatise 41), which he 

Instrflment for the measflrement of the variation af ter WilliamBoroflgh 
(See- note 41) 

al) Such tables were widely used in the eighteenth century. 
Tahles of the amplitude of the sun are also to he fciund in: Joao Baptista Lavanha, 
Regimento Nautico. Lishon 1595, znd ed. 1606. ' 

'0) Reprints in 1576, 1577, and 1580. Mter the author's death in 1588 the book was 
republished by Thomas Hood in 1592,1596, and 1601. 'Fhe numerons reprints and the 
translation indicate that thè book was widely diffused 'and wellknownin nautical 
circles. !.. 

U) William Borough, A Discourse of the Variation of fhe Cumpas or MagneticalCNeedle, 
whereinis mathematicallie shewed the .mantftr rif the observation, e!fects and ,!pplicàtionthereoj, 
made by W. B. London 1581. Reprmts m I585, 1596, and 1614. Thé tItle-page hasthe 
statement: "and is to be annexed to The New Attractive rif R:N." '," 
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regarded as a supplementto the work of Robert Norman. In the present context 
attention is drawn only to two very simple instrurnents with the aid of which it 
was possible to take a bearing and which are illustrated and described in the 
treatise. . 

As shown by Fig. 2, the first consists of a piece of board, on which has been 
fixed a round box, on the bottom of whicha wind-rose is marked. Mounted in 
the centre of the latter is the pivot on which the magnetic needIe turns. On th is 
piece of board has been mounted a vertical style on which a line has been drawn. 
A second line has been made on the piece of board, from the foot of the first 
line and through the centre of the card. This is the centreline of the instrument. 
A string has been stretched from the top of the style to the end of the line on the 
piece of board. In order to enable the observation to be taken,. the piece 
of board was put on a horizontal table and turned until the shadow. of 
the string feIl on the line through the centre of the card and at the same time 
covered the line on the vertical style. On the card the position of the needIe is 
read, the angle between the needle and the azimuthal direction of the sun thus 
having been measured. 

Because in Borough's opinion "imperfections" still attached to this instrument, 
he designed another of improved construction (Fig. 3). The needIe is contained 

A ncw Ionrument for dle Varjation. 

Fig. 3 
Improved version tor Borough's Instrument (see note 41) 

in a narrow box, in consequence· of which only smalI deflections are possible. 
The instrument always has to he turned until the needIe coincides with the zero 
line of the graduation. In the illustration the instrument has, be~n folded out into 
the plane of the drawing. It can be seen that it consisted of a horizontallath (alidade), 
mounted to turn on a pivot in the centre of the graduation, and of a vertical lath 
fastened on the first. On both a mark had been madeand the ends weie joined 
by a string. In the horizontal lath, above the marks of the graduation, there was 
an opening, through which the position of the lath could be read .. : 
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This adjustabie azimuth compass may no doubt be calleda considerable improve-
ment and an invention. . 

When the observation was to be taken, the instrument was put on a horizontal 
surface or held horizontal in the hand and was turned in the right direction by 
the setting of the needie to the zero line of the graduation. The alidade was 
then turned until the shadow of the string feU on the lines of the two laths, 
upon which the position of the alidade was read on the graduation, and thus the 
angle betweeri the needie and the azimuthal direction of the sun had been measured. 
It is to be noted that· when the instrument was used on board a ship 
moving in all sorts of directions, by a movement of the hand the piece of board 
had to be given the position in 'which the prescribed adjustment of the nee dIe 
was maintained. The observer thus was faced with the far from easy task of 
seeking two adjustments at the same time. In this respect the new azimuth com
pass of Borough was inferior to the first-mentioned construction, for in that case 
only the base of the instrument hadto be given the right direction. 

It is a fortunate circumstance that a fine print has been preserved, which illus-
. trates a navigator who is taking a bearing of the sun. It occurs in a book of 
prints entitled Nova reperta,' published at Antwerp about1600 42). The latest 
inventions known at the time are illustrated. This print, reproduced on the opposite 
page concerns the systemof determining longitude' from the' declination of 
the magnetic needie. The useful applicatiori is ascribéd to Plancius. A particularly 
heavy ship is shown. Four relatively small, buIging sails are .spread.'They seem 
to be drawing weU, but curiously enough the sheets are not taut andhave the 
same elegant curve as the sails. Considering the appearance of the sails the ship 
must be running, whereas the direction in which the flags are fluttering shows 
that the 'wind is approximately ahead instead of aft. The anchor, theflukes and 
the stock of which lie in one and the sameplane instead of being at right angles 
to one another, is unfit for use in this way. The artist of the time therefore ap
pears to have proceeded very freely indeed. We have to interpret his print .with 
the greatest caution. . 

On the raised quarterdeck there is a smaU tab Ie, covered with a cloth, at which 
the navigator is sitting on a seato The compass is in front of him on the tabie. 
The bowl is a round box. Fixed on its edge is the azimuth quadrant, which con
sists of a smaU ver~iéal style and a quarter circle. It appears not to be adjustable, 
norhas it got analidade, but perhaps a sight could mov~along the circumference 
of the quarter circle, by which means it may have be~n possible to determine 
roughly the altitude of the sun. The quadrant is directed towards the sun, a posi
tion which the obsenTer must have. obtained by turning the box. If we rely upon 
the print in this respect, we may therefore conclude that this instrument· was 
directed and manipulated like the first azimuth compass of Borough, but that 
the non-adjustable quarter circle, probably with a sight, is a new addition. 

An extremely important stride forward in the system·of "taking a bearing of 
a heavenly body" is due tö the Rev. William Barlow (1544-1625), a sort of the 
bishop of Chichester, who was greatly. interested in navigation and engagedin 
investigations on magnetism. His book The Navigator's Supply (1597) contains 
an illustration of the "compasse of variation" designed by him and constructed by 
the instrument-maker Charles Whitwell. It may be described as follows. 

") Joan Stradanus, Nova reperta. Engraved by Joan Galle. Antwerp, n.d. (about 1600). 
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Ina square wooden box the round metal compass bqwl is suspended in gim
bals. The card is divided into fuIl points and provideà with a beautiful fleur-de
lys for the north point, as was the custom in those days. An azimuth instrument 
similar to the present-day .cross bar sight is adapted to turn on a pivot in the 

. centre of the glass cover. Hinges are shown at the foot of both sights. Both 
could thus be placed in the horizontal position when the box had to be dosed 
with the sliding lid. Against the inside of the bowl there was a graduation. The 
position of the azimuth instrUment as weIl as that of the north point of thecom
pass card had to be read on: this graduation if the angle between the needie and 
the azimuthal direction of the heavenly body observed was to be found. Although 
the use of gimbals and of a "thread and sights" may be looked upon as two im
portant' strides forward in the development of the azimuth compass, the fact that 
two readings had to be made simultaneouslyon a moving ship - with the card 
pivoting relative to the graduation and the azimuth instrument too, because this 
was moved by hand - formed a great inconvenience still attaching to this 
instrument.· . 

In France Jean de Séville,· dit Ie $oucy, a medica! practitioner and mathema
tician at Rouen, in his .Compost manue/ 43 ), a book written in particular with a 
view to the determination of longitude, gave an unfortunately obscure description 
of a compass with which the variation could be measured. T~ere is no indication that 
this book may have been known to the Dutch at that time, nor that any other 
French bookmay have affected· their knowledge concerning the observation of 
the variation of the compass. 

Let us now see what information was available in Holland at that time. 
Since 1580 Coignet's Nieuwe Dnderwijsinghe, appended to the Dutch trans

lation of Medina, was no dotibt the best source a seaman could use if he want
ed . to learn more about deep-sea navigation. It was a useful textbook for 
him, to be preferred to Medina in view of its simplicity, the dear language in 
which· it was written, and above all things becauseit was adapted entirely to the 
practice of navigation. Coignet avoids long digressions about the variation of 
the compass, "for this would appear useless tri mariners", and he is brief and to 
the point in giving ·his opinion, which agrees with that of experienced seamen. 
This opinion is the following. It is necessary to use on board a compass the needie 
of which was set under the. same angle with the north and south line of the card 
as was thecase in the compass used by the maker of the chart which the navigator 
consulted atsea. "Thus you will not err". Experience had proved the necessity 
of this. It was of greater value than the enunciations of science, "since the matter 
at sea cannot so far beeasily stated in a general rule". 

We thus find that the Dutch textbook does mention the deviation of the com
pass-needleasa fact, but that deliberately little is said about this· matter and 
the determination ·of the amount of the variation is not discussed. Of course the 

. observations of the variation taken during the first voyage to the Indies, the data 
collected on the northern. voyages of Heemskerck and· Barents - to mention a 
few important sources ~ bear witness tothe fact that there were piolleers who 
had full command of the subjectWith regard to the rank and file of mariners 
this could· not besaid, since· most of them hadgained practical experienc~ at· sea 

U) Jean de Séville, dit Ie Soucy, Le compost manuel calendier et almanach perpetuel, princi-
ptilement poudalongitude de l'estetouest; Rouen 1586. Reprint 1595, .. 
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and had not learned the árt of navigation from a book. The views held by many 
of them are revealed by Jan Huychen van Linschoten 44), when he writes "that 
some masters think it is not necessary to know how much the northeasterlyor 
northwesterly variation of the compass amounts to, giving as their reason that 
our ancestors were unacquainted with thecompass and nevertheless drew charts 
of the coasts". Upon which the author gives as his opinion "that this may indeed 
be excused in some navigations, but in most long voyages it is highly necessary 
to know the northeasting and northwesting". 

Considering the available information and the prevailing views in Holland, 
Stevin in compiling his Haven-Finding Art must have been convineed of the 
necessity of including the method of determining the variation in addition to 
his own theory. Just as in each case, when entering a special field of knowiedge, 
he acquainted himself with the progressof the science concerned, he must here 
- not finding the source in his own country - have turned his eyes towards 
other countries. It is beyond doubt that he knew the works of Zamorano and 
Bourne, either in the original or in the Dutch translation. And although· no 
translation exists of Borough's Discollrse of the Variation of the ClImpas, this 
treatise, which was printed three times before- 1599, must have been so widely 
known to those who studied the magnetism of the earth that neither its existence 
nor its contents can have escaped Stevin's notice. Nor does he mention in his text 
anything in this field beyond what was known from the said sixteenth-century 
authors. 

But when he describes the aiimuth compass of Reynier Pietersz to his readers, 
he gives something else than Borough and Barlow had found and· described. 
This is an invention due to a compatriot of his, and we see how Stevin makes 
use of an instrument which at that time -possessed the best properties with a· view 
to its use in practice 45). 

") Jan Huychen van Linschoten, Reijs-Gheschrift, 1595, p. 19. Beschrijvinghe van de 
Coursen nae Oost-Indien. Printed in Vol. XLIII of Werken der Linsehoten Vereeniging, pp. 34, 
35· 

45) In the Spanish language there exists abooklet~which, as the title reveals, is en
tirely devoted to such an instrument and which in connection with our subject is a very 
important treatise because it deals with the measurement of the variation, the im-
portance of the variation for the determination oflongitude, etc. It is: -

Andres del Rio Riaiio, Tratado de un instrumento por el qual se conocera la nordesteacion 0 

noroesteacion de la aguja de marear, navegando por la mayor altura del solo de olra eslrella 0 por 
dos alturas yguales y de la utilidad que del se á de seguir. SevilIe, n.d. . . 

One copy of this treatise is present in the library of the Museo Naval at Madrid. From 
an exhaustive search by the director of this museum it appears that it is not to be found 
in any other library. The copy in question is thus unique. 

The year ofits publication is mentioned neither on the titlepage nor anywhere else.in 
the book. It was known at the time to Navarrete, who mentions it in his Biblioteea 
maritima Espaiiola, 1851, Vol. I, p. 97. He relates that it appeared subsequent to another 
work of Riaiio, which was published in 1585. Further it is cited in the Ensqyo de biblió
grafia maritima Espaiiola, Barcelona 1913, under No 220. In a note it is said that Navarrete 
puts it after 1585 and that Mendez BeJarano assumes it appeared in 1589. In the Museum 
lt is put at 1585, . 

If this were true, it might just be possible that one specially interested in the subject, 
like Stevin, might have been acquainted with its conteots. Further inquiry, however, 
proves it tobe impossible.. . . . . 
. The reader will encounter many statements implying an indication of time, e.g. "the 

(Continuation on next page). 
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b. REYNlER PIETERSZ AND HlS "GOLDEN COMPASS". 

Reynier Pietersz, as' Stevin caUs him, or Reynier Pieter van Twisch 46), as his 
name appears in various resolutions, is known to have followed the sea for many 
years, in the service of shipowners' at Hoorn, among others. In 1595 he is referred 
to as "pilot, living ~,Hoorn", in 1598 as "engineer". At this town he died 
in 1613. The Chronic1e of Hoorn 47) speaks, more than a century af ter his death, 
in the highest terms of this citizen, "a man greatly skilled in navigation". In the 
entry for 1598 the reason of his fame is given. In fact, he had "practised an ex
ceptional skill in measuring the longitude, as simply as the southern and the 
northern latitude are commonly done". According to these words therefore he 
made the long.sought determinationof longitude as simp Ie as the determination 
of latitude, which had been known for several centuries. The solution was effect
ed with the aid of an instrument which the inventor called the "Golden Com
pass". The brief description of it states "that it floated 48) and thus always 
placed itself horizontal, in order to .be able to use it in ships which list badly at 
sea or are tossed in other- ways". The chronider describes the process of taking 
the observation as foUows: "the reading took place by means of the light of the 
sun, which fell through a certain sight on to the graduation marked around, and 
this indicated exactly, by means of the deviation of the needie from the true 
meridian, how far one was to the east or to the west". 

From the fact that his inventions are mentioned in various resolutions it apo 
pears that the determination of the variation o~ the compassoccupied his mind 
very intensively. We will now give some details .. 

On 12th July 1595 the States of Holland and West Frisia granted him 
letters patent on an invention of nautical instruments, which, "being useful to 
general navigation", he wanted "to benefit others as weU" 49). The reference 

(Continuation of note 45) 

fact that the whole Heet was lost in this year". Only three such statements will be cited 
here. . 

On page 5 verso a problem involving the determination of longitude by means of the 
moon is discussed, which is put at May I, 1607. Who was likely to do this in I585? 

On page 3 verso of the "address to the reader" reference is made to the 8th chapter 
of the book which "el piuJre Clavio" wrote about sundials. Chr. Clavius, a well-known 
Jesuit father, who died at Rome in 1612, wrote: 
. Gnorrwnices libri octo, in quibus non solum horologiorum solarium . . _ • ", 
which appeared at Rome in 1602.' . 

There are several references to a book by J oan Garcia de Cespedes, Regimiento de 
marear. This name is not kn:own among those of nautical writers. A name that is known 
is that of Andres Garcia de Cespedes, whose book Regimiento de navegacion appeared in 
1606. No doubt it is the latter book which is meant. It can safely be said that 1585 is not 
the year in which Riano's booklet appeared. It will probably have to be dated in 1607 • 

. lt is quite certain that the booklet has to be dated af ter the invention of the azimuth 
compass by. Reynier Pietersz. lt need not therefore be cited in connection with the 
development of the azimuth compass before Stevin's day . 

. ") The name is also spelled Van 't Wisch, Twisck, and Twisk. Twisk is the name of 
a village in the neighbourhood of Medemblik, in the province of North Holland . 

.. ~ Th. Velius, Chronijk van Hoorn, 4th edition, annotated by S. Centen, 1740, p. 501. 
tB .I.e. it was suspended horizontally. . 
te G. Doorman, Octrooien 1940, p. 281. Resolutiën Staten van Holland en West-Friesland. 

I2thJuly 1595, fol. 278. . . 
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is to the determination of latitude, of longitude, and of the variation of the compass 
in remote regions, "hitherto never found or revealed so fully by anyone". 

The same inventions are spoken of in somewhat. dearer language in the letters 
patent granted to the inventor by the States General on 8th March 1597 for a 
period of twelve years 50). This document speaks of "two new instruments, in
vênted" and already made by Reynier Pietersz, "being highly useful aids and 
~~ry essential to navigation, the one to be used in order to learn, by measurement 
of the sun, the deviation of the needie and also to measure the longitude, east 
and west, i.e. how far one is removed from every meridian". The other must 
have been an instrument for measuring the altitudes of the sun or a star, but not 
with the aid of the visible horizon, as takes plac~ in a fog or in observations on 
land. . . . . . . . . 

. In the document it is stated that a drawing accompanied it. Unfortunately this 
drawing has not been preserved, so that we laek further data about the appear
ance and the construct ion of these instruments, which are explicitly called '~new 
inventions". . 

Ayear later he addressed to the States of Holland and West Frisia a request 
for a stibvention in connection· with the expense incurred in the construction of 
the two instrurnents just mentioned; upon which .on 13th March 1598 51 ) the 
States requested Jos. Scaliger, Snellius,· Ludolf vanCeulen, andStevin, together 
with the deputies of Amsterdam, Rotterdam, Hoorn, and Enkhuizen, to examine 
them and to report on them. The fact that thejudgment of these learncd and 
still famous men was sought shows very clearly that the inventions of. Reynier 
Pietersz were. considered important and that great expectations were entertained 
of them. Perhaps it was due to this that Stevin. became acquainted with Reynier 
Pietersz andhis invention. 

In 1611 the latter applied once more to the States; asking them for a subven-
tion 52). . _ 

It is not known on what lines the learned committee made their report. The 
Chronide of Hoorn does contain a judgment based on a practical examination of 
the "Golden Compass", which reads as follows: it was ·"thus put to the test by 
several experienced pilots in many places, both to the east and to the west, even 
on the coasts of Guinea and the East and West Jndies, and was everywhere found 
correct and without error, til the surprise of those who undertook the tests". 

Although the authentic drawing, which might have provided a conclusive 
confirmation, is laeking, it is beyond doubt that the "Golden Compass" of Rey
nier Pietersz as described in theChronide of Hoorn and the cited resolutions is 
the same as that· which Stevin· illustrate~, describes, and recommends in T be 
Haven-Finding Art. On< a great many points this invention of his compatriot 
brought improvements of the foreign instruments with which he may have been 
acquainted. 

50) G. Doorman, Octrooien 1940, p. 97. Also printed in Qe Jonge, Opkomst; Vol. I, 
P.176.0riginal: Public Record Office, Records oftbè States General, item 3328 of tbe 
inventory, fol. 243. . . 

51) DeJonge, Opkomst, Vol. I, p. 176. Resolutie Staten van Holland, 13th March 1598. 
De Jonge here adds a note reading: This instrument is illustrated in the Haven-Finding 

Art of Simon Stevin. 
52) G. Doornlan, Octrooien 1940, p. 288. Staten van Holland en West-Friesland,' Ist 

September 1611, p. 174. 
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Indeed, Borough's azimuth compass consisted of a small piece of board which 
had to be put horizontaUy· on a tabie. It was thus suitable for use on land,but 
on a moving and rolling sailing-vesse1 no instrument can be mounted so as to be 
permanently horizontal, nor can such an ·adjustment be ensured by holding it in 
the hand. For the "Golden Compass" cardanic suspension was used. For a 
steering compass this feature was not novel. What wasnovel was its application 
in an azimuth compass, 50 that the horizontal position was ensured. Stevin was 
thus jilStified in speaking of an inventiori~ . 

A second feature, which appears. neither from. the cited letters patent nor 
from The Haven-Finding Art, was the following. The graduation was marked on 
the inside of the bowl. It was to the zero point of this graduation that the needie 
had to be set. In consequence it was necessary during the taking of the observation 
to move the bowl in the direction contrary to that of the ship's movement. 
At the same time thequadrant had to be directed towards the· sun. But 
as soon as the right direction had been given to the quadrant, the position of the 
needie as well as of the quadrant was maintained by the mere movement and 
readjustment of the box. It can readily bè understood that this method of making 
the cardanically suspended bowl rotatabie produced. more accurate results . than 
those that could be obtained with Borough's instrument. 

The· revolving quadrant, furnished with an alidade, mayalso be caUed an 
improvement, but it is especially the method of adjustment to which this remark 
applies. This method appears from the description found in the Chronic1e of 
Hoorn, from which it may be understood that the sunlight fallingthrough the 
sights cast a spot of light on the graduation along the circurnference of the bowl. 
One observer could·thus manipulate the·instrument and bring about the two desiréd 
adjustments simultaneously. For this he merely had to look from. above at the eir
curnference of the bowl and at the needle. 

Briefly, with the "Golden Compass" of Reynier Pietersz Stevin no doubt pre
sented the most efficient instrument which was to be found in those days and 
which moreover satisfied the demands made by his system of "haven-finding". 
And yet in practice its success seems to have been scanty, at least if we are to 
believe the Hoorn chronic1er, who continues his favourable repoèt on the trial 
of the instrument with the words: "I really do not know what is the cause that 
it is not used any further, but I think the age and the lack of means of the in
ventor are not among the least of the impediments and obstructions" . 

These suppositions on the· part of Velius were probably wrong. The reason 
will rather have to be sought in the technieal sector. Indeed, although the instru
ment may have been suitable for use as an azimuth compass, it· naturaUy failed 
and disappointed as a means for the determination of longitude at sea.· Thereis 
another point as weU. The necessity of constantly moving and readjusting the 
whole bowl was a drawback of which the observer must have been aware. Im
provement on this point was quite possible. In fact, such movement is super
fluous with an azinluth compass equipped not only \Vith a single magnetic needie 
but also with an ordinary compass card, while the position given by the bearing~ 
instrument is read on a graduation aJong the circurnference of the card. In that 
càseitis onlytheaziiriuth quadrant which is coristantlydirected towards the 
sun by being turned against the movement of the ship. The reading on the card 
does not change;in consequence of the movements of the ship. A compass of this 
type; which also amounted to a considerable improvement oh that of Barlow 
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again, must have supplanted the "Golden Compass" of Reynier Pietersz as weIl 
as that of Barlow very readily indeed. 

Finally the reader should realize what it must have been like to work with 
such compasses, in those days when the "compass-maker" was an artisan rather 
than an instrument-maker, hardly any knowledge existed as to the most suitable 
materiais, and the requirements which. a properly working mariner's compass 
was to satisfy had not yet been defined, viz. steadiness, sensitivity, light weight, 
and powerful directive force, while finaIly science had not yetprescèibed the 
means which led to the satisfaction of these requirements. At that time the com
pass card was heavy. The cap in the card was imperfectly constructe~l. The pivot 
on which the card turned was not made of the most s.uitable material, nor was 
itspoint sufficiently sharp. The friction between pivotand·cap accordingly was 
considerable. The needie, which had been touched with loadstone, was weakly 
magnetized, so that the magnetic moment was smaIl. Owing to these .causes· the 
violent movements to which a sailing-vessel is liable dragged along the card and 
made it unsteady. In spite of the warning to be found in the textbooks, the fact 
that the bow1.was not air-tight and the glass cover was insufficiently sealed result
ed in air being blown in and pressure being exerted on the card and the needle, 
which caused deviations. The card oscillated and did not easily return to the 
original position. This applied aIlthe more in high latitudes, where the.directive 
force is less than in low latitudes. Steering on such a compass as .weIl as reading 
a bearing must have been a difficult task, apt to involve considerable inaccuracy. 
Under difficult conditions it may even have become impossible 53). 

Here again it is evident why the task of the navigator in those days was ar
duous and extremely dangerous. Small wonder therefore that many of· them, in 
spite of eminent seamanship, feIl victims to the primitive level of navigation. 
lts development, both theoretical and technical, was ardently wished for, but it 
was not realized until thc second half of the eighteenth century, when great 
possibilities were opened up in the matter of the determination of longitude and 
latitude at sea. The octant, the· chronometer, the determination of longitude by 
lunar distances, the nautical almanac, the method of determining latitude invent
ed by Cornelis Douwes, increased mathematical knowiedge, etc., brought the so
lution. Those who paved the way for all this were good servants of their country. 

51) The unsteadiness of the eompass was so familiar a thing that it had even beeome 
known outside nautical circles. The great seventeenth-eentury Duteh poet Joost van 
den Vondel, who eelebrated navigation in his work and who borrowed numerous 
expressions from its idiom in his poetry, was also aequainted with the .phenomenon. 
In bis Gijsbrecht van Aemstel (1637) he alludes to the oseillation ofthe eómpass-needle and 
the unreliability of its indieations. In the Prologue he says that the armorial bearings of 
the city of Amsterdam will in future be areliabie guidc:i for the seaman and, leading him 
oolib . 

• . . • a eelestial symbol 
On high, unsoiled by fog or earthly mist, 

Give hear! to the heroie helIOSman 
. Where, frighted by the needle's swinging, he 

Drifts in the Aretie Sea. . 
. . (transl. James S, Hólmes) 
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THE DETERMINATION OF LONGITUDE AT SEA BY MEANS OF THE 
VARIATION OF THE COMPASS 

BRIEF SUMMARY 

a. THE EARLlEST VIEWS .. 

As an introduction to this chapter, it may be recalled without a detaHed dis
cussion that the Chinese literature of the first centuries of the Christian era refers 
to the attraction of an iron needie by a loadstone and to the directive force of a 
magnetized needie. From a Chinese work dating from between 1111 and 1117 Bal
mer 54) cites the mention of the fact that the magnetic needie does not point 
exactly in the direction north-south, but always shows a small declination to the 
west. From this it is evident that the variation had been discovered at that 
time. k was attributed to errors in workmanship and in the manipulation of the 
magnet 5~) .. 

It has been proved that even before 1269 the variation was recognized as a 
real phenomenon in Europe. lts amount was measured, as is evident from Italian 
portolani. On a sun-dial made at Nuremberg in 1451, which is equipped with a 
compass, the magnetic northand south !ine is shown 56). 

What was thestate of affairs at sea? It must be considered impossible thaUhe 
Portuguese mariners on their voyages of exploration of the fifteenth century 
should not have watched the behaviour of their compass' intently. A mariner 
pioneering in unfamiliar waters, who has to consider the direction in which he 
is sailing - if only because at some future time he must be able to return to his 
home port - cannot he expected to do otherwise. What means of verification 
was at his disposal? It was nature hers elf which furnished him with it, as one 
among the numerous valuable clues for whiclt the seaman of those days used to 
keep a sharp lookout 57) and which he interpreted with much greater ease than 
the present-day navigator, who has become alienated trom those signs because 
so many technical aids are at his disposal. The seaman of those days was able to 
compare the uncertain direction shown by the needie with the certain direction 
which the Pole Star furnished. Thus he was induced to take his bearings from 
the Pole Star, a method which was recorded by Medina in his Arte de navegar of 

U) H. Balmer, Beiträge ;air Geschichte der Erkenntnis des Erdmagnetismus. Aarau i956, p. 
36. '. . 

65) For further details reference may be made to: E .. O. von Lippmann, Die Geschichte 
der Magnetnadel bis zur Eifindung des Kompasses (gegen 1300). QueUen und Studien zur 
Geschichte der Naturwissenschaf ten und der Medizin, Band 3, Heft 1 (Berlin 1932). 

68) Comptes rendus du Congrès Int. de GéograPhie. Amsterdam 1938, Tome n (Géographie 
historique), p. 55: H. Winter, Die Erkenntnis der magnetischen Missweisung und ikr Einjluss 
auf die KartogTaPhie. . ' 

57) These valuable dues indude:the discoloration of the sea and the change in 
appearance ofthe waves as the ship approáches shaUoWs, the change in the temperature 
of the sea-water, plants or weeds floating about the ship, douds and Iightning ahove 
remote land, the scent orvegetation, which can he detected at a great distance, the 
hOOIning of the surf on the shore, which can be heard from afar, birds of particular 
species and in certain numbers flying round the ship, etc. 
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1545 58). During such operations the fact that there was a constant dedination 
to one side - i.e. the variatiori - must undoubtedly have struck these mariners .. 

The first to record such an observation in his logbook was Columbus. The fact 
that he took bearings from the Pole Star on his first outWard voyage on 13th, 
17th, and 30th September 1492 in the early and the latter part of the night is 
famous in the history of navigation and has been repeatedly referred to. Let us 
follow the c~ndusions reached by Franco af ter an exhaustive study of these obser
vations and of the later reports of Columbus in this field 59). 

The three observations convinced the admiral that the observed difference in 
azimuth pointed to a movement of the Pole Star about the pole. The observations 
'do not create the impression of being a nautical discovery. Columbus on his 
voyage saw the variation change in value· and he was the first to observe the 
passage from easterly to westerly variation. He knew that in different places of 
the world tbe dedination of the magnetic nee die had certain values and he was 
convinced that these values. were constant for each place. He had a dim suspicion 
of a relation between the change of longitude. and the change in the variation of 
the compass. 

The fact tbat seamen exchanged their observations and findings gave ri se to a 
manuscript written by Joao de Lisboa and dating back to 1514. This is now the 
oldest known document that contains a treatise about the dedination of the mag
netic needie from the meridian and about the determination of longitude by 
means of this dedination. The manuscript in question formed part of the library 
of tbe Marquis De Castello Melhor. Because it was reprinted in 1903 it became 
accessible and known. It was induded in the Livro de Marinharia de Joao de 
Lisboa 60). The chapter bears the title: "Here begins tbe treatiseàbout tbe com
pass-needle made by Joao de Lisboa in the year 1514, tbrough which drie can 
know from th,e declination of the magnetic nee die - wherever one may be -
how far one is away from the true meridian". . 

The treatise is. subdivided into ten short sections and opens with a paragraph in 
which the Genoese and French compasses are discussed, the needies . of . which 
were attached to the card at an angle equal to the loca! declination· relative to its 
north and south line. 

The first sèction describes how a compass has to be made if it is to be suitable 
for the purpose. The needle must he as large as possible and must he attached to 
the card in such a way that it coincides with .the north and soutb line, not devi
ating from it. The card must be large and the space hetween the card and the inside 
of tbe bowl must be narrow, in order to make accurate readings possible. Tbe 
second section descrihes tbe bowl, on the inside of which a division into 32 points 
was marked. The third section reveals that a bearing instrument was fixed on the 
bowl and warns the navigator that tbe bowl has to he horizontal when he takès, a 

.bearing. The description is not sufficiently dear to give an idea of. the bearing 
instrument. 

The fourth section· teaches in a dear way how the true north is found by· an 
observation of Polaris. The observation has to be taken when the "guardians" -

&8) This method was already cited in § 4, p. 382 
58) Salvo Garcia Franco, Historia del arte y ciencia de navegaT. Madrid 1947, Tomo I, 

P·49· ... 
60) LivTO de Marinharia, tratado da agulha de mareaT, de JOtzo de Lisboa, coPiado e coordenado 

POT J. I. de Erito Rebel/o. Lisbon 1903. . . 
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i.e. the stars {J and y of'the Little.Bear - are northeast or southwest of the Pole 
Star. In the former case the Pole Star is in the meridian, beneath the celestial pole, 
in the latter it is in the meridian 3%° above the celestial pole. The position of 
the compass-needle relative to the bearing instrument is. the declination of the 
needie. This observation could also bè taken with other stars besides the .. guardi
ans". 

South of the equator the observation could be taken in a similar way by refer
ence to the Southern Cross, as is taught in the fifth section. Thls constellation 
was shown in a star map made by the author. 

The next section contains some directions concerning the accurate taking of the 
observation. The seventh section is a very important one. It says that the meridian 
on which the needie points exactly towards the north pole of the world, i.e. the 
one on which the variation of the compass is nil, passes through the island of 
Santa Maria and towards the island of San Miguel of the Azores, thus dividing 
the world into two equal parts. Tbe meridian passes via the Cape Verde Islands 
to the island of St. Vincent, said meridian lying between the Cape of Good Hope 
and Cape Frio. The author had invariably found that on this meridian tlie needie 
pointed in the direction of the terrestrial pole. He had never met with any other 
meridian on which the same phenomenon occurred. 

Finally the tenth section dicusses the. relation between the dedination of the 
compass-needle . and terrestrial longitude. This passage is not easy to understand, 
but its purport is as follows. When one moves between latitudes 30° :tnd 45° 
round the earth, starting from the prime meridian, for every 250 legllaJ the varia
tion will be found to increase by one point, to a maximum of four points to the 
east or to the west, in longitude 90° E. and W. It then decreases again to zero 
in longitude 180°. In this way it was possible to compute the longitude of any 
place from the variation observed in that place. "With the greatest ease" are the 
words used elsewhere. 

Again, during the first circumnavigation of the world (1519-1522), a Spanish 
undertaking under the command of the Portuguese Magellan, certain particulars 
were noted inthe dÎrection indicated by the needie in various places, which the 
Italian Ant. Pigafetta mentions in the journal he kept during the voyage~ Pigafetta 
was of the opinion that the. variation of the compass furnished a convenient means 
of finding one'~ distance from tbe prime meridian. He statedthat tbe methodhad 
already been proved by experience 61). . 

In hls textbook Faleiro (see note 33) devotes a chapter to the variation of the 

. 61)" Premier voyage autour du monde par Ie Chevalier Ant. Pigafetta sur l'escadre de Magellan 
1519-1522, Paris, an IX (1801), p. 281, quoted" in Linschoten Vereeniging, Tweede 
Schipvaart, Vol. XLIV, p. XXXII.·· . 

J. A. Robertson, MagelIan's Voyage Around the World hy Ant. Pigafetta. Cleveland 1906. 
Vol. I, p.89 and p; 253, Note 229, 

Linséhoten Vereeniging, Reizen van Barents, Heemskerck, Rijp, en anderen. Vol. XV, p. 
XXI, Note 2: reference to Relazione di Ant. Pigafetta sul Primo viaggio, Rome 1894. 

J. Bensaude (Histoire de la science nautique portugaise, Résumé, Geneva 1917, pp. 12-22) 
is of the opinion that Pigafetta's remarks are based on the work of the Portuguese Ruy 
Faleiro--brother to Francisco--who stildied the problem of thedetermination of 
longitude. He had proposed three methods,· viz. two with the aid of the moon and the 
third by means of the variation of the compass. The latter method is identical with that 
ofJoao de Lisboa, 1514, according to which the longitude is proportional to the amount 
of the variation. 
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compass-needle (Chapter VIII, p. 79). He states the problem cleady and writes: "The 
north-easting of the needies causes navigators many doubts, from which they may be 
freed by knowing precisely how much the needies northeast or northwest. In ad
dition to this, other advantages will follow, such as knowing exactly in what 
direction they are sailing. Knowing this, theywill follow exactly their courses 
without error or wandering and also it will help much to a knowledge of the longi
tude in which they are navigating". He describes the relation between longitude 
and variation as follows .. 

On the meridian through Co rvo the variation is nil, apart from small discrepan
cies to be acccounted for as being due to differences between the compasses. When 
the ship _ sails westward, the needie will get westerly variation; when she sails 
eastward, the variation will be easterly, while the variation increases as the ship 
moves further away. Maximum values are reached at a difference of longitude of 
90°. Af ter this the variation decreases again to the meddian of 180° from Corvo, 
where the variation is nil again. The principle accordingly is the same as that de
scribed by Joao de Lisboa in 1514. It thus appears that this knowiedge, gained at 
sea, mentioned by a practical man, subsequently elucidated in a scientific manu
script, now benefits navigation thanks to a nautical textbook. This process took 
more than fifty years. ~ 

Let us now proceed - remaining in the field of Portuguese scicnce ~ to dis
cuss the learned mathematican and astronomer Pedro Nunez (1492-157i!), royal 
cosmographer and professor in the university of Coimbra. His work indudes a 
treatise entitled 

Tralado em defensarIl da carla de marear, 1537 62), 

which he dedicated to the Infante Dom Luys, who was his pupil. The determination 
of the magnetic dedination with the aid of the instrument known to us is dearly 
explained (p. 141). The method of taking observations at two equal altitudes of the 
sun is followed. Nunez writes (p. 140) that he is convinced of the existence of the 
variation of the compass, but wonders what is its amount. He had no confidence 
in the navigators, who gave different values for the same place, sometimes great
er, sometimes smaller. In the absence of data he was unable to study the possible 
relation between the variation of the compass and longitude. He aspired to carry 
out an inquiry that would benefit the development of the nautical chart and of 
navigation. This learned theoretician and- mathematician, whose investigations and 
writings were of fundamental importance for the evolution of navigation, eaUs 
in· the aid of practice. This aid was to be given presently by one of his pupils, 
Joao de Castro (1500-1548), who in 1538 set sail for Goa in India as master of 
the ship Gryfo in a fleet under the command of his unde Garcia de Noronha. 
His training and scientific bent induced Castro to observe the variation of the 
compass very carefuUy on many occasions. In the modern edition of his logbook 63) 

a list is given of 43 variations obtained during. the voyage from Lisbon to 
Goa, along the coast of India and in the Red Sea. On these data he bases his own 
conclusion, viz. that it is certain from these observations that there is no relation 
between the variation of the compass and the longitude of aplace. The fact that· 

SS) It forms part of: Pedro Nunez, Tratado da sphera, 1537, an extremely rare book, 
which was published in facsimile by J. Bensaude, Histoire de la science nautique portugaise, 
Vol. 5, BernejMunich 1915. . 

.S) Joao de Castro, Roteiro de Lisboa a Goa. Annotado por Joao de Andrade Corvo. 
Lisbon 1882. 
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the variation could be different for places situated on the same meridian puzzies 
him, "from which we are justified in supposing that such variations are caused 
by particular and inherent mysteries concealed by mighty Nature in her vast and 
secret workshops". It was due to Castro's conclusion that in Portugal an impor
tantphase in the deve10pment of scientific navigation was c1osed. 

In other colintries the problem continued to occupy the minds of scholars as 
weU as seamen. NaturaUy the question also used to be asked as to what caused 
the directive force of the needie. Towards what point did it point? How did the 
dec1ination arise? 

The point towards which the nee dIe pointed was sought outside the earth by 
some scholars. We are not going into this question now, for it faUs outside the 
scope of this introduction. 

It was ,long thought that the needie ought to point towards the geographical 
pole, and that, if it did not, this was dueto poor workmanship. Wishing to re
medy this, Bartolomeo Crescentio 64) tried to give the needie a special shape, and 
Fournier 65) asserts that he had put a needie of this type to the test 'at Parisand 
La RocheUe, in order to verify whether it reaUy pointed to the pole. 

The suspicion about the existenceof a magnetic mountain on the earth dates far 
back to antiquity and seems to have arisen wherever the mysterious tendency of 
the magnetic needie to point in 'a particular direction was 'discovered .. In Europe 
as. weU as among the Arabs (Arabian Nights' Entertainql~nts) th is mountain 
struck terror in the hearts of seamen, and the loss of innumerable ships was attri
buted to it. Balmer 66) quotes a thirteenth-century Italian poet who spoke about 
a magnetic moutain 67). The map of the world of Andreas Walsperger, of 1448, 
bears a legend in the north to the effect that no navigation takes place in that big 
sea because of the magnets. A warning against the great danger of magnetic at
traction is sounded in a legend on the map of the world of Ruysch (Rome, 1508), 
north of Ice1and: "ships having iron in them cannot return" 68). The existence 
of such a mountain in the extreme north was also assumed by the great geogra
pher and cartographer from the Southern Netherlands, Gerhard Mercator (1512-
1594). In his chapter devoted to magnetism and marine compasses Coignet 69) 

c1early says that Mercator at 16° 30' from the north pole "puts a very prodigious 
rock and mine of loadstone, towards which all other loadstones in the whole 
world' areattracted". There is no longer any reference to its being a danger to 
navigation. It is now only the loadstones and the compasses which are attracted 
by this rock. 

6') Bartolomeo Crescentio, Nautica Mediterranea. Rome 1607. 
65) Georges Fournier, Hydrographie. Paris 1643, p. 550. 

,66) Balmer, Beiträge zur Geschichte der Erkenntnis des Erdmagnetismus. Aarau 1956, p. 533. 
67) ibid. Die Sage vom Magnetberg, p. 651. Hennig, Terrae Incognitae, Vol. 111, Chapter 

149: Die Seefahrt eines OxJorder Geistlichen in den Atlantischen Norden und die Frage des Magnet
bergs. 1360. 

6B) The map of Ruysch is to be found in the edition of Ptolemy's atlas of 1508. The 
map is discussed and reproduced by Nordenskjöld, Facsimile Atlas, p. 65, and map 
XXXII. The legend reads: hic incipit Mare Sugenum. Hic 'compassus navium non tenet, nee 
naves quae ferrum tenent revertere valent. 

Nordenskjöld utters the suspicion that these words might perhaps point to the ex
perience that the compass becomes useless in the extreme north, i.e. in the neighbour
hood of the magnetic pole. 

U) Michiel Coignet, Nieuwe onderwijsinghe op de principaelste puncten der Zee-vaert. 
Antwerp 1580, p. 5 verso. 
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b. MERCATOR (1512-1594) 

Mercator, being convinced tbat tbe magnetic needie - irrespective of tbe place 
on the earth where it was put up - was drawn in the direction of the magnetic 
polè, thus regarded the magnetic meridian of a place as a great' circle passsing 
through that pole. This pole was the point of intersection of all magnetic meri
dians, and its position on the earth might be found if for two points the positions 
of which were known the variátion had been determined by measurements. In a 
letter of 1546 to Ant. Perrenot, Bishop of Arras, Mercator writes that near Wal
cheren the variation was 9° east and at Danzig presumably 14° east 70). For the 
point of intersection of the magnetic meridians he had found a point in latitude 
79° N. The prime meridian had thus at the same timebecome known. With the 
aid of further data he afterwards obtained improved results. The system was to 
tbe effect that for any place on the earth the variation could be calculated and that 
con.versely the longitude could be found from the amount of the variation. 

Mercator's famous chart of the wodd, destined for navigation and dating from 
1"569 71), illustrates his views at tbat moment. The magnetic pole is indicated 
in thetop lefthand corner in the form of a steep rock with a mark to show its 
exact position. It lies on tlle meridian of longitude 180° and in latitude 73°30' N. 
This meridian passes through tbe Strait of Anian, which waS assumed to 
connect the Arctic Ocean and the Pacific between Asia and America. Because 
the chart covers more than 360 degrees of longitude, the. 180th degree of longi
tude appears a second time on the righthand side. On th is meridian and in the 
above-mentioned latitude the same magnetic pole is shown once more, with the 
following legend: "from . sure calculations it is here th at lies the magnetic pole 
and the very perfect magnet, which draws. to itself all others, it being assumed 
that the prime meridian be where I have placed it". Not far from this rock a kind 
of' island is shown, again with a point marked in the middle, tbe position of which 
is latitude 77° N. and longitude 174° E. A legend states that the magnetic pole will 
bè foup.d in this 'place if· the meridian through the island of Corvo is taken as the 
magnetic prime meridian. 

In an elaborate legend, printed near these poles, Mercator accounts for his 
procedure, saying. that the very capable seaman François van Dieppe states 
that the magnetic nee dIe points due north on the Cape Verde Islands Sal, Boa 
Vista, and Mayo. The legend continues: "T~is is closely supported by those who 

.state that this occurs at Terceira or S. Maria (which are isles of the Azores). 
Some believe thaf this is the case at the most westerly of these islands, which is 
called Corvo. Now, since it is necessary that longitudes of places should, for 
good reasons, have as origin the meridian which is common to the magnet and 
the W odd, in accordance with a great number of testimonies I have drawn the 
prime meridian through the said Isles of Cape Verde; and as the magnet deviates 
elsewhere more or less from the pole, there must be a special pole towards which 
magnets turn in all parts of the world, therefore I have ascertained that this is 
in reality at the spot where I have placed it by taking .account of the magnetic 

70) In 1539 Rheticus had found IgO at Danzig. See: Balmer, p.- lOg. Letter repro-
duced in Balmer, p. gIg. . 

71) Drei Karten von Gerhard Mercator. Europa, ~ritische Inseln, Weltkarte. Facsimile-Licht
druck nach den Originalen der Stadtbibliothek zu Breslau. Herausgegeben von der Ges.for Erdkunde 
zu Berlin. 1891. 
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declination observed at Ratisbon. But I have likewise calculated the position of 
this pole with reference to the Isle of Corvo in order that note be taken of the 
extreme positions between which, according to the extreme positions of the prime 
meridian, this pole must lie until the observations made by seamen have pro
vided more certain information" 72). 

In the bottom lefthand corner of the chart of ~e world there is an inset, viz. 
of the arctic regions, which could not be shown In the big chart, since the latter 
was one on Mercator's projection, in which the pole cannot he present. On the 
north pole of the earth a steep black rock has been marked. The rock on the mag
netic pole lying on the meridian through the Cape Verde Islands and the magnetic 
pole without a rock in longitude 174° E. on the meridian through Corvo are both 
shown. 

In the chart of the world in two hemispheres, published in 1587 73 ) by Ru
moldus Mercator, the latter followed his father's example. On the 180th meri
dian, being thè prime meridian through the Cape Verde Islands, and in latitude 
73° 30' N. the magnetic pole is to be found. 

Af ter a new edition of the above-mentioned chart of the arctic regions had 
appeared in 1595, Rumoldus prepared a new edition of it, brought up to date, 
which is easily recognized because it· includes, amOlig other things, "het behouden 
huis", - a name calling to mind the wintering of 1596/7 - and' names given 
by Barents to capes on the coast of Novaya Zemlya 74). RumoldlJ-s maintained 
the four polar islands which his father had imagined, and the twÓpossible po
sitions of the magnetic pole in latitudes 73° 30' and 77° N. He only altered the 
longitude of both. For the meridian through the Cape Verde Islands he now 
gives longitude 178° E. and for the meridian through Corvo 172° E., thus a 
displacement of 20 75). 

In the chart of the arctic regions made by Willem Barents 76) and published 
in 1598 - the year af ter his death - the polar islands no longer appear, which 
amounts to an important correction. However, the author still stuck to the "po/us 
magnetis", sho~n as a taU rock in latitude 74° N. and lying on the meridian 
corresponding to that through the Cape Verde Islands in the arctic chart of Mercator. 

c. PLANCIUS (J552-1622) 

Plancius entirely followed Mercator in this matter. In the map of the world 
in two hemispheres which he appended to the Dutch bible published by Laurens 
Jacobsz he marked the magnetic po Ie in latitude 74° N. And when he compiled 
his big map of the world, dating from 1592 77), it was again the map of his 

72) This text has been taken.from: The Hydrographic Review, Vol. IX, No 2, Nov. 1932, 
p. 7. Text and translatión of the legends of the original chart of the world by Gerhard 
Mercator, issued in 1569. 

73) It occurs in: Galliae tabulae geographicae per Ger. Mercatorem. Duisburg, 1585. 
U) It appears on p. 73 of: Mercator, Atlas sive cosmographicae meditationes defabrica mundi 

etfabricatifigura. Ed. decima. Henr. Hondius. Amsterdam 1628. . 
75) It is curious that the atlas mentioned in Note 74 has on p. 65 a map of Asia, in 

which the magnetic pole has been maintained on the 180th meridian, which clearly 
proves the uncertainty prevailing with respect to the position ofthe magnetic mountains. 

78) Reproduced in Vol. XV of Werken uitgegeven door de Linschoten- Vereeniging : Reizen 
'van Willem Barents, Jacob van Heemskerck. 

77) See: F. C. Wieder, Monumenta Cartographica, reproductions. Vol. 11. 1926. Text and 
map pages 27, 30, and 35. 
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leamed predecessor which formed his principal source and starting point, though 
Plancius did not adopt the rele employed by Mercator and made ample use of 
Portuguese data wherever he found them to be more tip to date. Owing to his 
critical method Plancius gave the" best representation of land and sea that was 
possible at tbe time. . . 

Just as in Mercator's map, in the top righthand corner the small sketch is to 
be found of the big, steep rock in the Strait of Anian, which indicates the mag
netic pole and which lies in latitude 73° 30' N. and longitude 180°. A legend 
is added to the effect that it lies on the meridian through the Cape Verde Islands. 
The prime meridian appears to fall through the island of San Thiàgo. The other 
possible position of the magnetic pole, referred to the meridian through Corvo, 
is to be found in latitude 77° N. and longitude 1730 E. The legend occurring on 
Mercator's map of 1569 as to the position of the two poles is repeated verbally, 
the source being meritioned at the end in the form of the name Ger. Merc. Ana
logously to Mercator's map we again find in the" top lefthand corner the former 
of these two poles, and in the bottom lefthand corner the inset of the arctic 
regions. "" 

Finally attention may. be drawn to the map of the wodd by Plancius, eng~aved 
by: Josua van den Ende and dating from 1604 7~). The two magnetic poles are 
to be found iri the corresponding" places, and 50 is Mercator's legend of 1569, 
witb tbe initials. On the globe of Jacob Florentius van Langren, dating from 1589, 
the two magnetic poles are marked," with the legend stating that they refer to the 
meridians through Corvo arid the Cape Verde Islands rèspectively. On the later 
specimen of th is globe, of 1612, the fact that the same legends are used shows 
that the view concerning the poles "was maintained by the author. 

The geographers of the eady seventeenth century begin to think differently of it. 
The tide had turned. The map of the \Vodd in two hemispheres of Willem Jansz. 
Blaeu of 1605 79) no longer contains a magnetic mountain, nor does the map 
of the world on Mercator's projection by ]odocus Hondius of 1608 8°). The 
same applies to the latter's map of the world of 1611 81). The prime meridiari 
in this map faUs through the Cape Verde Islands. " 

This changed view is accounted for on the wonderful globe of 1613 by Jodo
cus Hondius Jr. and"Adriaan Veen. In the place where the poles usèd to he marked, 
the following legend in Latin is to he found 82): " 

. "Gerardus Mercator, and others who followèd himin this, had put in this 
place two magnetic poles, the one referred to the Cape Verde· Islands, the 
other to the islands of Corvo and Flores. However, because there is no cer-

18) It was described and reproduced by Marcel Destombes. La mappemonde de Petrus 
Plancius, gravée par Josua van den Ende, 1604, d'après l'unique exemPlaire de la Bibliothèqut: 
Nationale de Paris. 1944. Publications de la Société de Géographie de Hanoi. 

70) World Map r605 Wittem Jans;:. Blaeu, facsimile of the unique copy belonging to the 
Hispanic Soc. of America, text Edw. L. Stevenson, New York 1914. " 

80) The Map ofthe World on Mercator's Projection by Jodocus Hondius, Amsterdam 1608. 
From the unique copy in the collection of the Royal Geographical Society with a 
memoir by Edw. Heawood. London 1927. 

81) World Map by Jodocus Hondius, 161 I. Ed. by Edw. L. Stevenson and J. Fisher, 
New York 1907. " 

.1) This globe is present in the Netherlands Historical Maritime Museum at Amster': 
dam. On another, undated specimen, also present there, the same legend is to be found. 
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táinty 'at all about this and dilily experience teaches us otherwise about the 
dec1ination of the compass needie, we have omitted bath." ' 

The theoretical conception of Mercator had been unable to hold itsown against 
theresults obtained in practice. 

As long as one magnetic pole, lying in line with the meridian through Corvo, 
continued to be assumed, this involved the consequence th at easterly variation 
was bound to exist east of this meridian lip to longitude 180°, and westerly" 
variation in the western hemisphere. Maximum values for the variation had to 
be found in longitudes 90° E. and W. This picture had' al ready been sketched 
in the Livro de Marinharia and later by Faleiro, but with them there was' na 
question in these places of a magnetic pole with the property of attracting the 
needie. Later on Coignet, in his Nieuwe o nderwijsinghe, expounds vhy lucidly 
that all these phenomena must' be due to the' presence of one magnetic pok 
Moreover he shows by means of a drawing that when two places in the northern 
hemisphere lie on the sàme meridian, the variation must be greater for the more 
northerly one than for the other. In order to demonstrate that the whole concep-. 
tion is correct, he conc1udes by stating that according to "Mercator's rule" the 
variation at Antwerp will have to be 9° to the east,and that he had found this 
value "by experience" 83). 

Plancius, who diligently tried to solve the mystery of terrestrial magrietism, 
must soon have found that the data about the variation collecte<! by him did not 
fit in with this simple scheme. What can have been the souree of these data? ' 

Planci!-Js himself provides the answer to this question in a manuscript written 
by him, which is now kept in the Public Record Office at The Hague. 84) This 
manuscript is of the utmost importanceto us for three reasons. In the first place 
because' it mentions the author's sources. Flirther' it helps us to understand Plan
cius' theory concerning the possibility of determining longitude at sea. Finally it' 
appears to be the source of the list of values' of the variation, to be found in 
The Haven-FindingArt, a fact which accounts for Stevin's gratitude towards 
Plancius. ' 

The manuscript in, question contains three treatises, which are entitled: 

1. Van de graden der lancte ende het affmeten der selver 'door het Noordoos
teren ende Noordwesteren der naelde 
(Of the degrees of longitude and the measurement thereof by means ot" the 
northeasting and northwesting of the nee dIe ) ~ 

2. Van de Oost-Indische zeevaert ende haren eygenschappen ende aenmerkingen 
(Of the navigation to the East Indies and its character, with notes). 

3. Naerder verclaringe van de Oost-Indische zeevaert 
(Further comment on the navigation to the East Indies). 

The.treatises sub 1 and 2 were drawn up af ter thè return of De Houtman about 

.3) Thus to he found in the first edition of 1580, puhlished at Antwerp, as weU as 
in the fourth edition, Amsterdam 1598. ' 

, "') Public Record Office, The Hague. Loketkas Admiraliteit No 10. ' 
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1598, whilethat sub' 3 is of a later date and must have been written af ter the 
return of the fleet of Van Neck, in 1599 or 1600 85). 

Before restricting our attention to the contents of the treatise sub 1 - the most 
important for the present purpose ---"- we mayrerriind the reader th at an obvious 
reaction to the question concerning the origin of Plancius' data would have been 
to think of Jan Huychen van Linschoten. In fact, in rus Reijsgheschrift van de 
navigatiën der Portugaloysers 86), the guide published 'at Amsterdam in 1595, 
which was of inestimable value to all contemporary explorers and seafarcrs, this 
author' induded hundreds of values of the variation. In addition he published a 
series of values for a number of specified places' lying on the route from Portu
gal to the East Indies 87). This list is more than a mere enumeration of values 
for particular places. Indeed, with its aid an observed· variationgave an indication 
of the . longitude in which the ship was at that moment. Thus we read: if the 
compass has a northeasterly variation of half a point, "you may know that you 
are near Cabo de bona Esperança", arid if it has a northwesterly variation of 3/4 

point, "beware of the Isle of Sant Lourenço, for you will see it presently". AI
though in our view the way in which the place is indicated is very vague, yet 
some value has to be attached tb this list in the above sense;' as appears from the 
two insfances here given as weU as from others. Considering the provenanee of 
these data:, it is' evident that rio ment ion is made of any rule as to therelition 
between variation and longitude, for the Portuguese had already rejected such a 
relation some fifty years before. 

That Plancius read and knew the writings of Van Linschoten is evident from' 
the criticism uttered by him in his Naerder t'erclaringe, but he does not mention 
his name in the treatise wtitten af ter the return of De Houtman : Van de Oost-. 
Indische zeevaert. It is thus not certain whether Plancius did or did not makeuse 
of the work of Van Linschoten, with whom he sometimes disagteed considerably. 

Although a description of the contents' of the last-mentioned treatise faUs' 
beyond the scope of the present introduction, however valuable' it may be in view 
. of the fact that the experiences of Duteh, French, English, and Portuguese sea
farers are' here set forth for the benefit and instructionof others, one remark has 
tó be madè. This treatise contains a considenible number of statements about the 
amoUntof the variation in various places, which - just as in the writings of Van 
Linschoten ~. were intended by Plancius as aids to navigation. Thus we find the 
instruction to cross the equator on the outward voyage "at 8°30', 9°, or 9°30' of 
increasing northeasting", foUowed by the advice to pass Cape St. Augustine on 
the coast of Brazil in a place where the variation was 6 or 7 degrees of increasing 
northeasting, "then you will he on the right track to sail successfully with God's 
aid past the shoals of Abrolho". If one acted on this advice, one· would be far 
enough from the coast to be safe with respect to this notorious point. We find' the 
warning: "who pays no attention to the variation of the needie and to the cur
rents will get further from his course than he thinks, as has befaUen many people". 
From these examples it will be sufficiently evident in what respect Plancius con
sidered it important to know these values, and ihus. also 'Yhat importance' he 

. 85) The treatises mentioned sub 2 and 3 are included in: De Jonge, De opkomst van ket 
Nederlantlsch gezag in Oost-Indië, Vol. I, 1862, pp. 184-194 and 194-200. . 

. 8G)Seè: Weikim uitgegeven door de Linschoten-Vereeniging, Vol. XLIII, Het Itinerario van 
Jan H'9'gen van Linschoten, 1579-1592, Vols IV and V, 1939. .' 

87) Idem, Vol. V, pp. 367-37°, 
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attached to the observation of the variation on board 88). No reference is made 
in this passage toany special relation between these values and the longitude 
at sea. 

We will confine ourselves to the treatise mentioned above sub 1, viz. "of the 
degrees of longitude", which forms the source· from which we may learn to 
understand the theory of PlanCius concerning the relation between the geographi
cal longitude and latitude of a place on the earth and the amount of the vàriation . 
in that place. His theory forms a unique and interesting page of the· chapter in 
the book of navigation with which we are here concerned, ánd it has tobe dis
cussed before Stevin's work can be assigned its place. It was published under the 
title of Memorie van Plancills in Vol. XXXII of Werken der Linschoten-Vereeni
ging 89), but with the omission' of three pages at the end. It is precisely these 
pages whose contents are of the utmost importance for our purpose. The main 
title mentioned above is followed by the words: 

"Extract from the writings of Frederick Houtman, from which it is under
stood how the ships of Amsterdam on their first voyage to the East Indies 
took the deviation of the needie of the compass by means of the rising and 
the setting sun, which can also be measured at all the points and the degrees 
of the compass and 'at all hours and minutes of the day." 

We will follow the treatise sub 1, devoted to "the degrees of longitude". 
Whilst formerly, on bis chart of the world, Plancius had taken over from 

Mercator the two magnetic poles lying close together and the prime meridiaru, he· 
has now made his choice anddropped the primemeridian through the Cape 
Verde Islands. The prime meridian, from which the degrees of longitude are 
reckoned, is the one through the islands of Flores and Corvo. On th is meridian 
"the needie of the compass points due south and north without an}' deviation". Plan~ 
cius now assumesthat there are four such meridians on which the variation is nil 
and which might thus be called agonics. They are those of 0, 60, 160, and 260 
degrees of longitude - reckoned in the eastward direction ~ which divide the 
surface of the earth into four lunes, of which one therefore covers 60 and the 
other three 100 degrees of longitude each. In the lune from ° to 60° the varia
ti on is easterly, in the second it is wésterly, and thus alternatély. In each lune the 
value increases from zero to a maximum lying on thé mediari meridian of the 
lune. The maxima thtiS lie at 30°, 110°, 210°, and 310°. We read that a point 
at 17 German miles - i.e. 68 nautical miles - east of Cape Agulhas lies on 
the meridian of 60 0 E.L. and that the island of Hjelmsöy at the North Cape too· 
lies on this meridian. On thé meridiari of 1600 E.L. - "or very close to it" -
lies Canton in China, on that of 260° the westernmost part of California, on that 
of 310° "Nombre de Dios, a famous port in Ame'rica". This name is still found 
on the northern coast of Panama, slightly to toe east of Colón. Considering the 

:difference of longitude from Corvo, this placè may be meant. 

88) In'this éontext reference may be made to the very rare book ofWilliamBarlow, 
The Navigator's Supply, London 1597. The author speaks about a voyage made by Sir 
Francis Drake from the western tip of Cuba to Virginia: Hand found his destination only 
through the navigator's knowledge of the variation of the compass". 

89) Werken uitgegeven door de Linschoten- Vereeniging, Vol. XXXII. De eerste schiPvaart der 
Nederlanders naar Oost-Indië onder Gomelis de Houtman, 1595-1597. Part lIl, 1929, pp. 
411-432 • 
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Afterthis outline of tbe magnetism of the earth Platicius statcs his sOUrces. This 
is what he writes: . 

"The foregoing foundations and grounds are· found certain and true by 
frequent experiences and observations, made with great diligence and skill· 
by· many learned men, intelligent masters, and good navigators of Spain, 
Portugal, France, England, . The Netherlands, andother nations in many 
countries and places of Europe, Asia, Africa, Peruana and Mexicana 90), 
both south atid north of the equator. But of the deviation of the needie in 
the countries and seas lying between China and Mexico I have not so far 
been able to get accurate information, conEirmed by experience." 91) 

These· words are follówed by the instructions teaching how the longitude is 
derived from the known amount of the variation in a place whose latitude is given. 
Although tbis derivati011 is obscure to tbe uninitiated reader, it appears at once 
that this is a problem of spherical trigonometry. Just as Mercator had done, 
Plancius assumes a mathematical relation between these quantities, which admits 
of beingexpressed by means of this àuxiliary science. It is not through calcrila
tion, but through measurements in aplane surface that the problem is solved. For 
this purpose two instruments are employed{ The first is the "general astrolabc" 
(astrolabium catholicum), an instrument which had long been known and widely 
used to solveproblems of spherical trigonometry, arid the second is a "longitude
Einder" specially designed for this method 92). Only in this way was· it possible 

. for Plancius to make the subject accessible and manageable for the seaman of 
around 1600. In fact, the latter was unable to perform calculations and it was 
not until the end of the eighteenth century that his accomplishments included a 
knowledge of spherical trigonometry and its applications. 

Mercator formerly had placed the magnetic pole on the continuation of the 
prime meridian in a latitude determined by calculation, and Plancius had imi
tated him. Since tbe lattèr now, on the ground of observational data, assumed four 
meridians on which the variation was nil, he could not mark four magnetic poIes 
in a corresponding way, for in that case no variation zero could have occurred on 
any of the agonics. The term magnetic pole has disappeared from this treatise, 
although the concept has not been rejected (in 50 many words). 

The treatise shows that on the ground of the observational data at his disposal 
- and undoubtedly af ter endless patient trials - Plancius arrived at a thesis 
reading as fóllows: 

90) Names used at that time for North and South America: MexicanaeandPeruvianae 
Pars. 

91) Balmer, p. 129, pöints out that the learned Spanish Jesuit Acosta, basing himself 
on tbe reports of Portugu'ese seafarers, mentions four lines· of no varia tion. The reference 
is to his Historia natural.j moral de las Indias, Book I, Chapter 17. 

J osé de Acosta (1539- I 600) was a missionary in Peru for many years. His aforesaid 
book; which appeared at SevilIe in 1590, was very soon translated into six languages, 
the Dutch version, Historie naturael ende morael van de Westersche lndiën, being published at 
Enkhuizen in 1598. The transla tor was Jan Huychen van Linschoten, who laid hands on 
the book as early as 1594 arid who thought so highly of its contents thathe was no longer 
satisfied with his own work. 

In the passage in question (p. 37) it is said that "an experienced Portuguese navigator" 
had furnished him with the information. He did not recall the names ofthe "places" (sic) 
having no variation, except the "vicinity" of Corvo. 

92) For the construction and the use of thèse two instruments, see the Appendix. 
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the point of intersection of the magnetic meridian through a given pIace 
with the nearest agonie faUs on the same parallel for aU places. 

The longitude of a place is calculated in a spherical triangle, the known ele
mentsof which are :the complement of the latitude of the parallel just referred 
to,the complement of the latitude of the place, and the variation· in that 
place 93). The latitude determined byPlancius for that parallel must have been 
appioximately 65°30' 94). '. .' 

. He' then starts to apply his ruIe. On the groundof a Portuguese observation 
of the. variation at Cape St. Augustine in Brazil, amounting. to 3° northeasting, 
he calculates that the longitude of this cape, lyingin latitude 8° 30' south, must 
be 5°50'. In the same way he calculates dozens of longitudes,and he does this 
also for the observational data brought by the ships whichcompleted the first 
;voyage to the East In:dies. He had found these observations· to be in agreement 
with those of the Portuguese seafarers. We need not considei: the results of the 
calculations, because the determinations of longitude are based on a relation 
which does not exist. Howev.er, we find that out of the large body of material a 
number of places, with an appended statement of the pertinent latitude, longi
tude, and variation, have been collected in two almost identicaUists accompanying 
the treatise. They form the contents of the three pages referred to on p. 401, 

and these lists are again identical "-- except for a few minor differences - with 
thelists which Stevin gives in his Haven-Finding Art (pp. 438 c 440). 

d. STEVIN 

Since the. reader has become acquainted with the contents' of T he Haven
Finding Art in § 3, while the present section has thrown light on the conceptions 
ofPlancius, Mercator, and others, it is now possible to see Stevin's ideas against 
the background formed by the work of his predecessors. . '-
· The fact that Stevin absolutely rejects a magnetic pole - which impresses the 

reader all the more because he does so in. the opening pages of his. treatise -

Fig. 5 

.3) Figure: : 
Outer circle: equator; inner circle: 

parallel at latitude 65 °30' 
PB: agonie; PA: meridian through A 
AP:goO - latitude of A, 

· L PAS: known variation at A 
· S: point of intersectionof the mag

netienorth and s6uth line in A viith the 
parallel SS ' 
L..BPA:longitude of A in relation to thc 
nearest agonie BPS 

.') See Appendix, especially fig. 6 and 
fig. 8 onp. 414and 417. .'. . 
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implies a definite·attitude and a radical change of opinion as compared with his 
predecessors. On the ground of observations of the variation which had become 
available - it should be noted that they were taken precisely from the work of 
Plancius '- the impossibility of the existence of a magnetic po Ie had become 
established, at least in the sensein which it was taken at that time. 

A second and extremely important point of difference from Plancius and Mer
cator was the fact that no use was made of spherical trigonometry, an auxiliarr" 
science of which Stevin,ln contrast to Plancius, had perfect commando Stevin'rejects 
the mathematical relation between the amount of the variation and the longitude: a 
perfectly fundamental difference indeed. 

In his Memorie Plancius had pointed out briefly that, passing to the east from 
the meridian of Corvo, the easterly variation increased in the northern as weIl as 
the southern hemisphere to a maximum in longitude 30°, af ter which it de
creased again to 0° in longitude 60°. Without any further comment, and as a fully 
established fact, he mentions the existence of the four agonics, and the increase 
and decrease of the variation in the three lunes of 100° difference ·of longitude. 
He states the latter although he admits he has no data at his disposal about the 
variation between China and Mexico. ' 

. -' . .' . 

Stevin interprets the' material, which he obtained from Plancius and which he 
presents in The Haven-Finding Art (pp, 438 - 440) in his ownway. His descrip
tion of the increase and decrease of the variation in the lunes from 0° to 60,°' 
and from 60° tot 160° accords. with Plancius, but from that point on he is more 
cautious than the latter. AbouUhe part from longitude 160° to 360°, foi: which. 
no data are available, he says how "itis suspected tosome extent" that the varia- , 
tion willappear to beo Instead of four he assumes six agonics, viz. tIle meridians ' 
of longitude 0°, 60°, 160°, 180°, 240°, and 340°, and he calls his system a "con
jecture", It has been statedabove that in 160'8 he èxpressed himself more cautiously 
than he had done in thë first edition of The Haven-Finding Art. 

Plancius thought it possible to derive the longitude mathematically from the 
variation observed. He thus offered a method for the actual determination of 
longitude. ',' 

On, the available material Stevin was unable to found anything more than a 
practical method of "haven-finding", a method. which was serviceable and'was 
to. prove useful,. but which yet ,was not equivalent toa method for the determina~ 
tion of 10ngitude~.In fact, in 160,8 he said that the latter had a wider scope and 
was "worthier" . In this way he himself points out the difference. " 

Summarizing, one may conclude that the allegation that Stevin recorded and put, 
into print the ideas of Plancius with respect to the determination of longitude is 
by no means true. On the contrary, Stevin held views of .bis own and he published 
his öwn conceptions under an appropriate title. Relying completelyon what 
appeared certain to him, he, furnished seamen with two rules, viz,: 

a. in seeking your destination and sailing along the parallel, note the in
crease or decrease of the variation of the compass. 

b. ' take plenty ofobservations, which will make it possible to, improve upon 
the theoryand to add to the knowledge of terrestrial magnetism; which will 
benefit your successors~ . ' 

. Whereas the system of Plancius af ter some time was called "imperfect and. 
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quite frivolous" on the ground of practical experience 95); so that it soon felf into 
oblivion, the gist of Stevin's rules proved serviceable and was put into practice. 

In view of these considerations Stevin ranks high among the men who attempted 
to determine longitude on the ground of the variation of the compass. Although 
the appeal to navigators to take observations waS heard abroad as weIl, he· may 
be considered to have been the first to advance navigation by giving a satisfac
tory rule and at the same time recommending a suitable instrument for taking 
the necessary observations. An increased knowledge of terrestrial magnetism re-
suIted from his work. . 

In The Haven-Finding Art Stevin does not account in any way for the curious 
phenomenon of the deviation of the compass-needle, or for terrestrial magnetism 
in genera!. The reader's attention is drawn to the fact that in his Wisconstighe 
GhedachteniSJen of 1605-1608 he discusses terrestrial magnetism in the 2nd 
Proposition of Book III, Ch. 1 of The Heavenly Motions (pp. 253-255) under 
the heading: "To expound the motion of the earth in its place, and its magnetic 

. rest." In that context he refers to the work of WiIIiam Gilbert, De Magnete 96) 

- which appeared in 1600 and is to be mentioned once more at the end of the 
present section (p. 410) - and says the following about tbe magnetic condition 
of the earth: "in the earth there is found such a large amount of Ioadstone and 
other substances with magnetic force that, Iike a big Ioadstone, it' has in itself the 
properties that are found in small spheres made of loadstone." The earth itself 
is a magnet. It is this view which was introduced by the above-mentioned English 
scholar. 

Stevin also adopts GiIbert's explanation of the fact that the amount of the 
variation is not the same in all places of the world, a phenomenon about which, 
as Stevin says, "many people have wonde red and puzzled so long". He compares 
the earth to a spherical magnet, in which a deep and wide groove has been made. 
The phenomenon is attributed to the influence of the land, not of the sea. This 
is to be Iearned from the following curious and simple explanation: "Since the 
earth is a sphere of loadstone with deep pits, viz. the seas, in whose moving 
water the above-mentioned magnetic character cannot be present, straight north
ward 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 needIe deviates towards the east, and when we get to the west, towards 
America, it deviates towards the west." 

In Gilbert's great work, Book IV, Chapter VII, p. 163, this thesis is set forth 
in detail. We quote: "It is not easy to determine by any general method how 
grèat the arc of variation is in all places and how many degrees and minutes it 
subtends on the horizon, since it becomes greater or less from diverse causes. For. 
both the strength of true verticity of the place and of the elevated regions, as 
weIl as their distances from the given place and from the poles of the world, 
must be considered and compared; which indeed cannot be done exactly. Never-· 
theless by our method the variation becomes so known that no grave error wiII 

95) Testimony to be found in tbe Journael gehouddn bij schipper Jan Cornelisz May, 
schiPper op de Vos, 3rd J uly 1611. See: Werken uitgegeven door de Linscholen- Vereeniging, 
Vol. I, p. 16 • 

•• ) A book devoted to Gilbert and to his main work, its influence, etc., is: Duane 
H. D. Roller, The De Magnete of Wil/iam Gilbert. Amsterdam 1959. 



- 415 -

407 

perturb the course at sea. IE the positions of the lands were uniform and straight 
along meridians and not defective and rugged, the variations near lands would be 
simpie" . .. "but the inequalities of the maritime parts of the habitable earth, 
the enormous promontories, the very wide gulfs, the mountainous and more 
elevated regions, ren der the variations more unequal or sudden or more obscure 
and moreover less certain and more inconstant in the higher latitude.~' Although 
Stevin only took over the core of this reasoning, he must have been acquainted 
with the whole text of Gilbert, who deals extensively with the subject of variation 
in his Fourth Book 97). . . 

In the year af ter the publication of The Haven-Finding Art a booklet appeared 
under the title Een corte onderrichtinge 98); it had been written by a practical 
seafaring man, viz. Albert Haeyen, known as the compiler of a useful book con
taining charts and sailing directions for the North Sea and its coast from Nieuw
poort to. Jutland. As the title says, it is intended to refute the errors daily in
creasing in the finding of ports "owing to incapable teachers". It is an attack in 
sailors' jargon. The writer inveighs against haven-finders - by which are to be 
understood both Plancius and Stevin - who are landlubbers, not versed in nauti
cal terminology, and who in the writer' s opinion are not entitled to write about 
practical nautical matters and to instruct sailors. The system was "built· on a 
straw". The results were poor, a statement which he proves by means of instances 
taken from the practical experience of the first voyage to the Indies and voyages 
to the ·North (p. 21). In one case, when the result was particularly poor, the 
crew wanted to throw the pilot overboard. Tht! writer's attack is mainly directed 
against the difficulty of measuring the variation of the compass with sufficient 
accuracy. The instrument recommended in TheHaven-Finding Art was no good. 
"That the taking of a bearing with the compass is a ticklish matter becomes quite 
dear because several seafaring men, when standing behind a compass, will not 
agree to half a point in taking a bearing, nay - which is more ~ not even t() a 
fuIl point, as we have found at sea as weIl as on the land" (p. 10). It is alleged 
that navigators, when returning from the first voyage to the Indies, refused to 
surrender their observational data, obtained with such great risks. and difficulties, 
and that others had faked them, because they were unwilling to put their know
ledge and experience, which represented their living, "their field and their 
plough", readily at the disposal of the scholars on shore. It was in this way that 
the data for the table of the variation were said to have been coUected. We are 
not going to discuss the further contents of the booklet, which was written with 
some pretence of learning. Haeyen did not prove himself a man of good educa
tion. The disinclination to adopt innovations is af ter all a familiar phenomenon. 
When towards the end of the seventeenth century Christiaan Huygens wanted to 
put his pendulum dock to the test on board, the two navigators who took the 
observations in accordance with the instructions met with opposition and were 
h~aped with ridicule. 

97) The quotations have been taken from the English translation of De Magnete by 
'Silvanus P. Thompson, London 1900. 

98) Een corte onderrichtinge belanghende die kunst van der zeevaert, waer in ghehandelt wordt 
hoe men die selfde sullen moghen verbeteren ende ooek met een weder/eijt, die abl!}'sen die daghelicks 
door onbequame leer"7neesters om havens te vinden, wassen ende toenemen, allen die ter zee handelen 
tot een ghetrouwe waerschouwinghe door Aelbert Hendrieksz, anders Aelbert Haeyen. Amsterdam 
1600. 
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Another writer who was scepticalof the accuracy of the indications of: the 
compass was Adriaan Metius (1571-1635), mathematical professor in Franeker 
University. In his Nieuwe geographische onderwijsinge 99) he devotes a chapter 
to the defectiveness of navigation, in which he shows how in an experiment on 
shore the compass-needle, af ter being brought out of its position of equilibrium, 
frequently fails to return to its original position (pp. 58 and 59). "What can be 
accomplished on the moving ship by those who pretend that by an observation of 
the deviation of the needie the longitude for sailing to the east and the west can be 
found accurately enough?" 

A valuable book was that devoted by Keteltas to the azimuth compass, its con
struction, and its use 100). In the dedicatory epistle to Prince Maurice the writer 
expresses his expectation that the mysterious properties of the magnetic needie 
will·be useful for the determination of longitude. He therefore believes in a re
lation between them. Many navigators, when sailing to the Indies, had intently 
observed the variation of the compass af ter having been instructed by Plancius, 
and they had found the division of terrestrial magnetism by the fouragonics, in 
accordance with "the thesis of the aforesaid master", to be cohfirmed in actual 
practice. Attention is drawn to the number four in connection with the '.'thesis". 
IE it were possible to measure the variation accurately - the writer speaks of an 
accuracy· to within the nearest minute of arc - the problem of longitudewould 
be solved, and for this reason he wrote a trea:tise about the construction of a 
number of instruments by means of which the variation ~ould be 'measured, about 
the method of checking such instruments and the means for correcting them, in 
order that by a thorough understanding of the subject one might be able to rely 
upon one's measurements: Hiswork is comprehensive, dear, and valuable. It in
dudes a fine illustration of an azimuth compass, suitable for use on board and 
fitted with an azimuth-cirde with a cross-bar sight, "an instrument which is in 
daily common use among navigators". .. 

A repudiating and almost scornful statement is to be found in the book of 
Robert Hues, translated and annotated by Jodocus Hondius 101). "There are 
some people who pretended to derive some measure or certain rule about the 
variation, as if it occurred in a measurable and proportional way, but it is all in 
vain. Experience shows that there is no system in it." And somewhat further on 
he says: "they had better keep silent who think one might make calculations from 
these deviations in order to find the longitudes of places, which were to be wished, 
and it would actually occur in this way if the needie pointed always to one 
and the same point" (Part IV, Chapter 15). It is obvious that this criticism is 
levelled at Plancius. In fact, at the time it was uttered, The Haven-Finding Art 
had not yet appeared. But Stevin's system was condemned by it too. 

The famous Willem Jansz. Blaeu (1571-1638), a nautical expert and a com
petent judge, also joins the ranks of the opponents, as is evident from the epistie 
to the reader in the first part of his Het Licht der Zeevaert (Light of Naviga
tion) of 1608. He opens this work with Bene korte onderwijsinghe in de Const 

89) Adr. Metius. Nieuwe geograPhische onderwijsinge. Amsterdam ,62" 
. 100) Barent Ev. Keteltas, Het ghebruijck der naeld-wijsinge tot dienste der zee-vaert be-

schreven. Amsterdam ,609. . . . 
101). Robert Hues, Tractaet ofte handelinge van het gebruyck der hemelscher ende 'aertscher 

globe, in 't Latijn beschreven door Robert Hues en nu in Nedtrduytsch over-gheset ende met Anno
tatien vermeerdert door Judocum Hondium. Amsterdam ,623. First edition '597. 
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der Zeeevaert (Brief instruction in the art of navigation), in which everything a 
seaman needed had been included, but from which learned astronomical màtters were 
omitted. He continues: "we have equally omitted to write somewhat about the finding 
of longitude, which is.commonly called east and west, about which some people claim 
to havé found great things. Nay, even to the extent thatone can find one's course 
.towards the east and the west just as certainly as towards the south and the north. But 
all that has so far been published about this is not only useless, but (if one were to 
relythereon) also prejudicial and deceptive, about which we intend to write more 
fully in the fourth part of this book as also what profit a navigator may gain from the 
deviation of the needie or variation of the compass, on which these new discoveries 
have been baselessly founded." We do not know what Blaeu iritended to write 
in support of his criticism and about this "profit" , for no copy of Part IV of 
Het Licht der Zeevaert is known. However, his condemnation was .clear enough, 
and Plancius had good reason to be embittered against Blaeu because of his des
tructive criticism: useless, prejudicial, and deceptive. These terms must have been 
directed no less against Stevin's work. 

We may leam more about Blaeu's adverse judgment from a legend in Latin 
occurring on a globe made by him, which is preserved in the Antwerp Library 
and which is dated 1620 102). Here the author explains his choice of the place 
of the prime meridian, and in this connection he refers to the "contemporaries" 
who wanted to' follow an indication given by nature and choose for the prime 
meridian the meridian on which the magnetic needie shows no declination. But 
"they err". The needie cannot serve to find the origin of longitude, "since it shows 
different declinations on the same meridian, according as it is nearer to this or 
that continent". He thus says that the variation may have different values on the 
same meridian and that its amount depends on the proximity of land. These. are 
ideas which were no doubt borrowed from Gilbert's work. 

Thus in Holland the controversy had not yet been decided. Plancius continued 
to propagate his doctrine and he induced navigators to take his instruments with 
them on their voyages. Stevin had T he Haven~Finding Art reprinted and in
cluded in his Wisconstighe Ghedachtenissen, in a Dutch and in a Latin edition. 
Steering the same course as regards this doctrine was Keteltas, but it was con
demned by Horidius, Alb. Haeyen, Blaeu, and Metius. It was the data coUected 
at sea which led to a better understanding. Stevin was among those who insisted 
that frequent observations be carried out. This advice was hamme red into navi
gators both in Holland and elsewhere, and to this day "taking an azimuth" is 
among the actions performed by them several times a day. The object is no longer 
to determine the variation, but to compute the declination of the compass
needie from the magnetic meridian - the deviation, which is due to the ship's 
iron - i.e. still in order to be accurately informed about the direction in which the 
ship is moving. 

Though we will not mention further Portuguese, Spanish, French, and English 
authors who did not believe in arelation between variation and longitude, or who 
hoped to find it 103) or believed that it aid exist ~ such an enumeration would 

102) A. M. Dermul, De aard- en he~elgl06en van W. Jansz Blaeu in de Antwerpsche Bibliotheek. 
Antwerp 1940. . ' . 

103) William Borough, A Discourse of the Variation of the Cumpas or Magneticall }{eedle. 
1585. Also in an edition of 1596, eh. 10. 
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fall outside the scope of this introduction - we wish to drawattention to two 
important works, which we cannot, pass by in the context of this section. 

The first was written by Guillaume de Nautonier,' Sieur de Castelfranc en 
Languedoc, and is entitled Mécometrie de Leymant 104); it is a very extensive 
work. His system is similar to that of Mercator. He assumes two magnetic pol es, 
one in each hemisphere, in latitude 67°. On the meridian which passes through 
these two as well as the geographic poles and on which also the island of Ferro 
is situated, there is no :variation of the. compass. The tables of the variation given 
by the author were questioned by some of his contemporaries. Like this author, 
Kepler long continued to cherish the hope that there would be a simple corre
lation between the network of meridians and parallels on the earth and the mag
netie network .. 

Fournier, in his voluminous book Hydrographie 105), devotes a long chapter 
to the determination of longitude, i.e. induding the method relying upon the 
variation of the compass (Livre XII, chap. XXXIV, pp. 60~08). Af ter having 
uttered his criticism, he conc1udes: "c' est donc une folie de s' amuser à chercher 
les longitudes par tel/es voyes". The matter is thus dismissed with good-natured 
mockery. 

The second of the books referred to above was published in .England. 
The work in question is that about "the magnet, magqetick bodies also and on 

the great magnetthe earth", by William Gilbert 106) '.(born at Colchester in 
1544; died 1603), a book that has gained fame in the history of science. It ap

.pearedin 1600, i.e. very shortly af ter Stevin's Haven-Finding Art. The author was 
a medica! practitioner and a physicist. He engaged for many years in empirical 
scientific investigations, and he took for granted only those things which had 
been confirmed by re1iable tests. Edward Wright wrote an encomiastic preface for 
the book, in which he styles the author the "father of magnetick philosophy". It 
is not surprising that this book contains a chapter entitled "whether the terrestrial 
longitude can be found from the variation" (Book IV, Chapter IX), andthat the 
name of Stevin and his Haven-Finding Art are mentioned in it. Whilst Gilbert 
calls the values of the variation for the first "segment" from longitude 0 to 60° 
"in some part true"; he disputes the view that the variation is zero all over the 
meridians through Corvo and Hje1msöy, or 13°24' over the whole length of that 
through Plymouth. The value zero does hold at the island of Corvo, but not in 
other latitudes. He condudes his discussion with the following passage: 

"Consequently the limits of variation are not conveniently determined by 
means of great cirdes and meridians, and much less are the ra ti os of the 
increment or decrement toward any part of the heavens properly investigated 
by them. Wherefore the rules of the abatement or augmentation of north
easting or northwesting or of increasing or decreasing of the magnetick 
deviation, can by no means be discovered by such an artifice. The rules which 

10') Guillaume de Nautonier, Sieur de Castelfranc en Languedoc, Mécometrie de 
Leymant, c' est à dire la manière de mesurer les longitudes par Ie moyen de I' rymant . . • • aussi 
facilement comme la latitude. Imprimé à Venes chez ['autheur. 1603. 

105) Georges Fournier, H,ydrograPhie, contenant la tMorie et la practique de toutes les parties 
.de lanavigation. Paris 1643. 

108) Guilielmi Gilberti Colcestrensis, medici Londinensis, De magnete, magneticisque corporibus 
et dê magno magnete tellure,. Physiologia nova, Plurimis & argumentis & experimentis demonstrata. 
London 1600. 
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follow later for variation in southern parts of the earth investigated by the 
same method are altogether vain and absurd. They were put forth by certain 
Portuguese mariners, but they do not agree with the observations and the ob
servations themselves are admitted to be bad." (Translation by S. P. Thompson) 

Once again it appears that the values of the variation as determined in actual 
practice overthrew the theory. The passage ends with the' following curious 
conclusion : 

"But the method of haven-finding in long and distantvoyages by carefully 
observed variation (such as was invented by Stevinus and mentioned by 
Grotius) is of great moment, if only proper instruments are in readiness, by 
which the magnetick deviation can be ascertained with certainty at sea." 
The honourable place assigned to Stevin in the preceding pages is thus 
confirmed by his contemporary. 

e. THE EVOLUTION OF THE SUBJECT IN THE 17th AND 18th CENT,URlES. 

It was to be expected that· those who collected and studied the values of the 
variation as observed by maûners on their voyages should indicate the figures on 
a chart, in the places where such observations had been taken. This was the 
method by which a convenient survey could be obtained. The oldest of such 
"variation charts". is now said to be that of Alonso de Santa Cruz, referred to by 
him in his Libro de las Umgitudines. It must therefore date from about 1535 or 
1540. lts value was shaken by the findings of De Castro. 

Athanasius Kircher (1601-1680) in his great work on magnetism 107) men
tions a "mappa geographico-magnetica", made by Christophorus Burrus or Chris
toforo Borri, an Italian Jesuit priest, who lived in Lisbon and in the Portuguese 
colonies. 

Sir Robert Dudley (1573-1649) in his marine atlas Arcano del mare 108) 
sho;\ys' the variation in many places in his charts. Five such figures are found on 
the chart of the North Sea, from Dover and Nieuwpoort to the mouth of the 
river Weser. 

Further a magnificent large chart on Mercator's projection is to be found in 
the third edition of Wright's CertaineErrors in Navigation, published in 1657. 
It bears the title "A plat of all the world, projected according to the truest rules" , 
and it had been revised and corrected, as had the book, by Jos. Moxon. It is dated 
1655. In a cartouche we read the following words: 

"The numbers scatteringly dispersed here and there in this sea chart signifie 
the variation of the compasse. The letters E and W shewe whether it be 
East or West. The other letters following signifie the observers names, as 
D Davis, K Kendal, H Hall, L Lynschot, C Candish, CA John de Castro, 
etc." 

On the west coast of Novaya Zemlya is to be found an observation marked 
WB, which means of course: Willem Barents. 

107) Athanasius Kircher, Magnes sive de arte magnetica. Rome 1641 (as weIl as Cologne 
IÓ43)· . .... .. 

108) Robert Dudley, Arcano del mare. Florence. - ISt ed. 1646-1647, present in the 
University Library; Leiden. - 2nd ed. 1661, present in thè Netherlands Historical 
Maritime Museum, Amsterdam. 
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An unprecedented increase of knowledge was due to the mathematician and astro
nomer Edmund Halley (1656---'1742), who during long ocean voyages carried 
out observations and published their results - as he had found them in 1700 -
in a large map of the world on Mercator's projection 109). The map was destined 
for navigators. In the seas it showed the isogonics, with the exception of those 
in the Pacific. For the benefit of the user,. Halley added an elaborateexplanatioll 
to the map. To navigators a knowledge of the variation is of the utmost impor
tance if they are to be able to determine their course accurately at moments when 
weather conditions do not permit them to determine the variation for themselves 
by observation. With respect to the possibility of determining longitude by means 
of the chart, the explanation says as follows: 

"A further use is in many cases to estimate the Longitude at sea thereby: for where 
thecurves run nearly North and South, and are thick together, as about C. Bonne 
Esperance, it gives a very good indication of the distance of the land, to ships to 
come from far: for there the variation alters a degree to each two degrees of longitude 
nearly, as may be seen in the Chart. But in this Western Ocean, between Europe 
and the North America the curves lying nearly East and West, cannot be serviceable 
for this purpose. " 

In view of the slow change to which the variation is subject, which necessitates 
revision of the chart, Halley requests the cooperation of navigators. Observations 
wil! be gratefully acknowledged by him. 

The chart had a wide diffusion. In Holland it was included in the At/as van 
Zeevaert en Koophandel by Louis Renard, Amsterdam 1745. In France it was 
also known. In England the investigations were continued, and variation charts 
were compiled by other authors as well. Such charts were also to be found in 
Holland. Nautical handbooks pointed out the usefulness of these charts. 

How Halley's advice about navigation in the vicinity of the southern point of 
Africa was applied jn practice can be learned, as far as Holland is concerned, 
from the Zeilage-Ordre, om ten .allen tijde t'an Straat Sunda over Kaap de Goede 
Hoop naar Nederland te zeilen (Sailing direction, for sailing at any time from 
Sunda. Strait via the Cape of Good Hope to the Netherlands), issued by the East 
India Company to their ships, which instructions were approvedin 1783. It is 
stated there: 

"From the longitude and latitude just mentioned, head west· by south so as 
to pass at about 30 miles beyond the shoals lying at thesouthern end of 
Madagascar, up to longitude 61°. to 62°, where there is now no greater 
variation than 23° to 24° northwesting. 

From there again steer west-south-west, in order to catch sight of the coast 
of Africa, in the neighbourhood of Punto de Fontes or Algoa Bay. In this 
channel between Madagascar and Punto de Fontes the greatest variation is 
found to be between 26° and 27°, and as one approaches the land of Africa 
or the aforesaid Punto de Fontes, it will decrease to 23°30' to 23°north
westing. Subsequently by repeated sounding try to find the Reef of Agulhas,so 
as to call at the Cape of Good Hope or Bay False, as you shall have been 
ordered in the Instructions. " 

10') Nova et accuratissima totius terraTUm orbis tabuia nautica variationum magneticaTUm 
index. Juxta observationes anno 1700 habitas constructa per Edm. Halley. . 
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When in 1754 Cornelis Douwes (1712-1773) published in a treatise 110) 

his method of determination of latitude; which became internationally known, he 
spoke with some reservation about this method of determination of longitude. It 
was only "in some regions" that by means of the variation one "had roughly 
some certainty whether one was .east or west of a known. place", wheri. af ter 
a long voyage the estimated longitude had become very unreliable. This was con
trasted with the view of Pybo Steenstra, lecturer of mathematics, navigation, and 
astronomy in the "Atheneum Illustre" of Amsterdam. When in 1770 the latter 
published his lessons on the finding of longitude at sea, he referred to the method 
based on the variation of the compass, among the other possibilities, as "so far 
the best and readiest means of finding the true longitude at sea", provided it be 
applied in a place where the declination variedrapidly with the ship's move
ment 111). None of the existing ~ethods for the determination of longitude 
produced areliabie result in those dáys. The development of this problem was 
very backward as compared with the accuracy of' the determination of latitude, 
which had been enormously advanced by Hadley's invention of the octant in 1731. 
The result was now reliable to within a few minutes of arc. We can thus sym
pathize with Steenstra when on 21st November 1763, upon assuming his office 
as a lecturer, he exclaimed in his inaugural address: 

"Would that it werepossible to find the true longitude at all times with the 
same certainty andease; then tbe art of navigation would attain to a degree 
of perfection which it now with good reason despairs of ever reaching." 

The speaker was taking too gloomy a view. At that very time the marine chro
nometer was being constructed and the results obtained with it were promising. 
The method of determining longitude by means of lunar distances was being 
developed. The "Nautical Almanac" ~eeded for the computatión was soon to 
appear. The new instrument for measuring angles permitted areasonabie measure
ment of distances. The mathematical knowledge of the sailor was brought to a 
higher level with a view to all this. 

For the determination of longitude on the basis of the variation of the com
pass the kneIl had sounded. This subject, at which scholars as weIl as practicians 
had worked for nearly 300 years, had become a thing of the past. 

§ 6 

APPENDIX' 

a. THE CONSTRUCT/ON AND THE USE OF THE ASTROLABIUM 
CATHOLICUM. 

Round about 1600 spherical trigónometry was a subject far above the heads of 
navigators. Arid yet they had to do with problems of spherical trigonometry, such 
as the computation of longitude according to Plancius and the determination of 
tbe distanceon a great circ1e between two points on the earth. The ways in which 

110) Verhandeling om buiten den middag op zee de ware middagsbreedtete vinden. Verhandelingen 
Hollandsche Maatschappij der Wetenschappen, Haarlem 1754, p. 146. 

111) Pybo Steenstra, OPenbaare lessen over het vinden der lengte op zee. Amsterdam 1770, 
P·45· 
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they were enabled to solve the latter problem appear very clearly from a legend 
on the big map of the world of Jodocus Hondius of 1611 112). 
There were three methods: 

1. by projection and construction of plane triangles 
2. with the àid of the astrolabium catholicum 
3. by measurements on the globe. 

Directions for all three methods are given, and a fine and clear iIlustration of 

Illustration ot the network of meridians, paraIleIs, etc., on the astrolabium 
catholicum, ,aken from the. manuscript of the surveyor Jan Nanninghssoon at 
Broek-in-Waterland, 1647, present at the State Record Office of North Holland, 

Haarlem. 

112) World Map by Jodocus Hondius 1611. Edited by Edw. L. Stevenson and J. Fisher. 
New York 1907. 
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the astrolabium catholicum is included .. The instrument generally serves to solve 
problems of spherical trigonomdry, which is done by measurements in aplane. 
It may be looked uponas a variant of the astronomical astrolabe, which had been 
known for many cerituries past. 

The instrument consisted of a flat disk on which was drawn a circular network 
of lines, being the network of meridians and parallels in equatorio-stereographi~ 
projection. Because the centre of projection has been chosen in the equator, the 
projection of the latter is a straight line, at the same time the diameter in the 
figure. The meridians meeting in the two poles - at a distance of 90° from the 
equator- are parts of ares of a circle, and so are the parallels . .In fact, we here 
have to do with the peculiar property of this projection, that· circles on the globe 
become circles in the projection. lts other special feature is that an angle between 
curved lines on the globe is equal to the angle between their stereographic pro
jections (Fig. 6). 

Adapted to turn about.a spin die in the centre of the figure was a rule, the 
edge of which could he made to coincide with the equator. It carried a division 
which was identical with that on the equator produced by its points of intersection 
with the meridians. Along the rule could be moved a small block, which was 
equipped with a metal point consisting of a number of relatively movable links. 
By means of this construction it was possible to place the end of this point over 
any given point of the rete, which was necessary in the manipulation. 

No specimens of the astrolabium catholicum are known. We merely find illus
trations of it in various places, such as the title-page of Willem Janszoon Blaeu's 
atlas Licht der Zeevaart of 1608 and the title-page of the marine atlas De groote 
lichtende ofte vijerighe colom (The Lighting Colomne or Sea-Mirrour) of Jacob 
Aertsz. Colom, Amsterdam 1661. The latter has an illustration of a navigation 
lesson given in a church, where the teacher from the pulpit - it may be assumed 
with good reason that it is Plancius who is shown here - hands the instrument 
to one of his pupils standing at the foot of the pulpit. At the Rijksmuseum, 
Amsterdam, among the relics of the wintering of Willem Barents in Novaya 
Zemlya (1596-1597) there is to be found a specimen of the above-mentioned 
block with the point consisting of links. This proves that an astrolabium catho
licum formed part, of the nautical equipment of the expedition. 

For an explanation of the way the instrument was used, further particulars, and 
illustrations tbe reader is referred to the present author's article in the maritime 
review De Z~e, 1916, p. 180: 
"Het gebruik van het Astrolabium CatholiCllm", and further to the following 
three works edited by the Lip.schoten Vereeniging: 

Vol. XV Reizen van Willem Barents, etc. 1917, pp. XXI H. 
Vol. XXXII De eerste schipvaart, etc. 1929, pp. 433 H. 
Vol. XLIV De tweede scbiPvaart, etc. 1940, p. XXXIV. 

b. THE CONSTRUCTION AND THE USE OF THE LONGITUDE-FINDER 
. OF PLANCIUS 

Only one specimen of this instrument has been preserved. It is also present at 
the Rijksmuseum among the relics of the wintering of WiIlem Barents in Novaya 
Zemlya (Fig. 7). . 

It is further illustrated in the above-mentioned Works of the Linschoten 
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Fig. 7 

Longitude-finder of Peter Plancius (Rijksmuseum Amsterdam). 

Vereeniging, Vol. XV, p. XXV and Vol. XXXII, p. 436. It is nothing but a flat 
copper plate, 21.5 cm long, bounded by two arcs of a circle, and it is provided 
with . a number of lines engraved in it. The radius of the circularedge of the 

A 

H 

Fig. 8. 

This figure shows how the longitude-finder of Plancius has to be used i1Z 

eoniunetion with the astrolabium eatholicum. A is the plaee on the earth for whieh 
the variation and the latiel/de are known, while the longitude has to' be found. 
The eentre of the division on the longitude-finder is the North Po/e. Moreover 

AP = 90° -latitude A. 
On the division of the longitude-finder the point P', where the magnetie meridran 
through A interseets the edge of the longitude-finder, indieates the differenee of 

longitude between A and the nearesf agonie. 



- 425 -

417 

plate through construction is found to be 263 mmo The plate was intended to be 
placed against the edge of the astrolabium catholicum and to fit against it (Fig. 8). 

The two instrurnents ac:cordingly had the same radius. The longitude-finder rep
resents the polar cap of the astrolabIe and the engraved curved lines are merely parts of 
meridians on the rete of the astrolabe. The second arc-shaped edge of the plate . 
is a parallel of latitude,viz. the one on which Plancius assumed all points of in
tersection of agonics and magnetic meridians to fall. The terrestrial latitude of 
this locus was an important feature in his theory. Through construction it appears 
that this latitude must have been slightly less than 65 ° 30'. This value can be 
confirmed as follows. 

The objects at the Rijksmuseum referred to above include a sheet of paper on 
which a circular rete of the same kind as that on the astrolabe is printed. This 
sheet of papier lay for nearly 300 years in the ramshackle hut in Novaya Zem
lya; it was brought to the Netherlands and smoothed as weIl as possible, and is 
now preserved between cardboard and a glass plate. It is obvious that the paper 
has been subject to warping. Nor is the rete complete. In spite of all this, in spite 
of folds and tears, the edge of the longitude-finder stilHits tolerably weU against 
the edge of the rete on the paper. The other edge falls on a parallel of 65° to 
65°30'. How'did Plancius arrive at-this figure? Did he choose it because the 
results of his work were, thus most satisfactory, or did he take it perhaps from 
William Borough, who in his A Discourse of the Variation of the Cumpas or 
Magneticall Needie, London 1596, in the 8th chapter speaks about the magnetic 
pole being situated at a distance of 25°44' from the geographic pole? 

When L'Honoré Naber, editor of Vol, XVof the Works of the Linschoten Vereeni
ging, verified the calculations of Plancius, he assumed that the latter had taken 
the polar circle for this parallel. As a locus, the polar circle inhis opinion was 
"in a sence cosmically hallowed" . Although Naber's results agreed satisfactorily 
with those of Plancius, the dimensions of the plate show that a small correction 
has to be made. This does not of course affect the existing view of the theory 
advocated by Plancius. 

Plancius was not the only one to teach the use of these two instruments and 
to equip navigators withthem in order that they might use them on board. Yet 
another teacher of navigation may be mentioned on whose programme the same 
subject figures. We are referring to " Jan van den Brouck, a professional navigator 
in the famous comnièrcial town of Rotterdam", writer of Instructie der Zee-Vaert, 
a smaU book publishèd in 1610, which was entirely adap,fed to the needs of the 
simple would-be navigator. He devotes a good deal of attention to the astrolabium 
catholicum, the practical instrument "by means of which one can do anything 
that one could do with a celestial or terrestrial globe". By way of example he 
,works out a great many problems, in all sorts of fields. "In this way one wiU 
soon be a master in handling the astrolabe." He also works out examples with the 
longitude-finder, under the hèading: "an example of how by means of the plate 
one can find the longitude according to the method of D.P. Plancius." 
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PRIVILEGE. 

On the eighteenth of March of the year 1500 and ninety-nine the States General 
of the United Netherlands consented and granted a patent, and they consent and 
grant a patent by the presents, to Christoffel Raphelengius, printer at Leyden, only 
within the time of the next six years, to print, have printed, publish, and sell in the 
aforesaid United Netherlands a certain boók entitled Haven-vindingh, which he 
intends to publish both in Latin and in French and Dutch, or also in other 
languages, prohibiting and forbidding one and all to reprint the aforesaid book, 
wholly or in part, in any language, or, if reprinted outside the United Nether
lands, to publish or sell it in the said country without the consent of the aforesaid 
Raphelengius, on pain of confiscation of the reprinted copies and the penalty 
mentioned' in the original, etc. 

Sloeth. 

At the decree of the said 
States Genera!. 

C. Aerssen. 
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THE HAVEN-FINDING ART. 

lt is known that for a long time past, principally since the great voyages to the 
Indies and America began, a means has been sought by which the navigator 
might knowat sea the longitude of the place where his ship is at the moment, in 
order tbus to get to the harbours to· which he wishes . to go, but that hitherto 
it has not been possible to arrive at such accurate knowledge of the longitude. 
For some people, hoping to find it through the variation of the compass, ascribed 
a pole to the said variation, calling it magnetic pole, but it is found upon further 
experience that these variations do not obey a pok Nevertheless the search 
for this has furnished a means for reaching a desired harbour, even though the true 
longitudesof both tbe harbour and the ship are unknown. In order that this may first 
be explained by means ofan example and then the circumstances of the method 
may be described, as a result of which the application will become even more 
general and certain, first of all it is to be noted that it is found byexperience that 
the magnetic needie (though it does not obeya magnetic pole, as has been said) 
points very differently in different places, to wit, in some places due North, in 
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others it declines towards the East, elsewhere towards the West, which diHerences 
are very noticeable for smaIl distances in going from the East to the West; thus, 
for instance, :it Amsterdam it declines 9°30' towards the East. OH the Foreland of 
England 11 0, at London 11 °30', oH Tynemouth in the sea 12°40', and so on. 

How a Harbour or Land is found whose 
Latitude and Need/e-Pointing are known. 

The needle-pointing as weIl as the latitude of the place being known through 
the experience of those who have found it so in practice, the place can be found 
by this means without the longitude being known. Thus, for instanee, if a 
navigator knows that" the latitude of Amsterdam is 52°20', with an easterly 
variation of 9°30', and he is at sea in the said latitude of 52°20', with the 
aforementioned easterly variation of 9°30', he knows that he must be oH 
Amsterdam, whatever may be the longitude of Amsterdam. If anyone were to 
say that there are also other places having the same latitude and variation, which 
yet are not Amsterdam, this is true, but they are very far away from it and it 
can be distinguished from the others by certain ci~cumstances, which we shall 
discuss hereafter. Note also that though navigators are able to find Amsterdam 
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ghende landen,giffing,dieptenlandell;, en ander teyc
kens"follder acht op nacldvvyfing te nemen;, nochtans 
hebben wy dat voorbeelt van die bekende plaers ghe
fielt, om daer deur te opemlicker te verclaren de ghe
meenheyt vande reghel op verre feyIagen) daermen op 
langhe tijt gheen landt en fiet : Als;neem ick)een Stier
man begeerende van hier te feylen tot Cabo Sant Au
gufrijn in Brafilic;,ende wetende datde naeldwycking 
daer is" van (ghelyckmen [egt) noort na t'oofien ;.tr. 
"10. 0, en de zuyderfche breede 8~ tra 3 0.0. als hy der
waert varende tot fukken naeld\vycking en breede. 
ghecommen is,hy weet hem omrent CaboSam Au
gufl:ijn te weren: Ende hoewel gilling hem anders 
dede vermoeden,fal die verlaten,als deuroofl:erfche of 
wefl:erfche verborghen {hoornen bedroghen fijnde~ 
of qualick ghegifi hebbende: Wam dat de naeldwyc
king die eenijts tot Cab6 Sant Augufl:in '\.vas 3. tr. 
I.O. 0. nu daer niet weren .en foude ,de reden en laet 
niet toe beh fulcx voor te fiellen om daer op te weIC k 
te gae~ : Of dat ymant op zee een ander naeld\vij Gng 
vindt dan de voorfcreuen,die hy \veet tot Cabo S.Au
gufiin te fijn van 3. tr. 10.0. ende nochtans \villende 
d' ervaring der naelde ver laten, en giffing volghen ;, Gch 
feyde ontrent Cabo S.Auguflin te wdèn;, ,vie en ver
{bet niet [ulcx fonder reden te Gjn?als van een die Geil 
[dfs teghenfpreeét;, feggende die nadd \vijcking aldaer 
te fijn van ;. tr. 10. CD. ende foo niette wefen. " 

Merckt \vijder ,veI ghebeuft te lijn,dat cencn (ey .. 
lende na het Eyléll1t van Sim HeIeJla, ende geeommen 
'tvefende tot des felven Eylams breede, nochtans dat· 

A ; Eybnt 
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in other ways, from surrounding lands, by conjectural reckoning, depths, sands, 
and other signs, without paying heed to the needle-pointing, we have nevertheless 
given this instance of a known place jn order thus to set. forth more manifestly 
the genera!· applicabil~ty of the ruIe during long voyages, when no land is seen 
fora long time. Thus, if a navigator, desiring to sail from· hence to Cape 
St. Augustine in Brazil and knowing that the varia:tion is there (as is said) 
3°10' to the east of the troe north ànd the southern latitude 8°30', in· sailing 
in that directiçm has come to this variation and latitude, he kriows he is of{ 
Cape St. Augustine. And even ifconjectural . reckoning made him suppose 
otherwise, he must disregard this, assuming that he has been deceivedby unknown 
eastern or western currents or that he has guessed wrongly;For reason does not 
permit him to imagine that the variation which was prev~ously 3°10' of{ Cape 
St. Augustine should not have this value now 1), and to proceed accordingly. Or· 
if a man finds at sea another variation than the above, which he knows to he 
3°10' of{ Cape St. Augustine, and nevertheless, wishing to disregard the 
observation of the needie and to rely on conjecture, were to say that he was of{ 
Cape St. Augustine, who does not deern this to ,be anunreasonable procedure, 
like that of a man who contradictshimself, saying that this variation is 3°10' 
there and that it. is . not. 

NotÇ! further that it has sometimes happened thata man, sailing to thç Island 
of St. Helena and, having come to the latitude· of this island, yet not firiding this 

1) Stevinhere assumes that the variation holding good for a given place is invariabie. 
However, it is now well-established that the variation at any one place is slowly changing 
with time. 
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6"" .... . ..D lt.. . .. 
....... . Eylant daer niet vindende, oockniet wetende ofhy- . 

.. ·deroofi ofwefi "afwas, heeft al ramende. o(){hvaert 
ghefóèht, dat weilwaert lach,endehoehy verder al- . 
fao voer,hoehy verder vande begeerdeplaets gerocht: , .. 

. Denckt n lleens ,fao dien S tierm all (diewd ettelicke 
. ·.weken lanckdat Eylant focht, el1deettelicke maef 
.. daerrontom voer eer hyder illgherocht)hadbekerit . 
·ghe\veell: hoe .denaeldeop Sint Helena 'wees, ende .. 
. , daerbenttkns weteufchapghehadt vande naeld\vy-: 
.·ling op zee te vinden, of hymoe1willichlicknaeell . 

.. grooter naeldvvijcking {oude ghcvaren hebben ,wè~ 
tende' dat de plaets· daer hy begeerde ·te . weren eell .... 
kkendet'hadde? .. . ... "... ..." ... .... . 

. . Hierby maçhmen verfiaen hoe noodich dekelll1is . 
der naeldwijfing is : Te meer dat de gene die met \ve

;!"~fote~fchap der *_ feylfl:reken wil. varen (t\velck den 
./,ytk PortIl- StIerman op groote fey'laghen met en behoortonb~ 
~t:t,· kent te lijn') overal het {echt "noot:t·moet \veten" 

'\velck noort op zee deur kennis der naeld\vijcking 
. ghevonden wort. . . 

Soomen hier beneffens noch inliet de onfelierheyt 
vande ware plaetfen der landen, die na dêgghender 
Stierlieden op de eertfdooten gheteyekentwordel1.t 
fpruytende daer uyt , datfe het wijfender leli die elek 
van huysbrengt, aldjt voor nOOIt houden, O:reekende 
daerenbovennoch tot meerder onfekerheyt in haer 
feylillg: Men fal vedlaen het gaflaender naeldvvijGn .... 
gnen daer in ooek feer oirboir te weren, wammen 
deur zeecompa{fen daer toe bereyt, de leli al feylende 

. altijt .recht noon eall doen wijfen, luidrs de naelde of 
t"bellrc-
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island there nor knowing whether he was to the east or .to the west of it, by 
conjecture sought to the east what lay to the west, and that the further he thus 
sailed, the further he got from the desired place. Now just consider whether this 
navigator (who sought this island for several weeks and sailed several times 
around it before he got there), if he had known how the needle pointed off 
St. Helena and in addition had known how to find the variation at sea, would 
deliberately have sailed; to a place where the variation is greater, though he knew 
that the pi ace to which he desired to go had a smaller one? 

From this it may be understood how needful the knowledge of the variation 
is, especially since those who wish to be certain of the course they are following 
(which ought not to be unknown to the navigator during long voyages) have 
to know everywhere the true north, which is found at sea by knowledge of the 
variation. 

If further the uncertainty is also recognized of the true positions of the lands 
which are drawn on the globes according to the information of navigators, which 
uncertainty results from the fact that they always think the point indicated by 
the fleur-de-Iys which each of them brings from home to be the true north, which 
moreover leads to greater uncertainty in sailing, it wi11 be understood that the 
observation of the needle-pointing is also very useful in this respect because 
it is possible by means of mariner's compasses 1) prepared for. this purpose to , 
make the fleur-de-Iys point always due north during the voyage, provided the 

1) For the construction ofsuch compasses, see the Introduction, § 3b, p. 369. 
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t'befireken ij kr ; foo veel vande leli te verdraeyen, als 
de faeck vereyfcht. . 

· . Dit alles \vel 'anghemerér, ende toeghelatcn\v e
fende verfcheyden landen [ulcke vedèheyden nacld-

· wijfinghcn te hëbben,gelijck deur euelicke betuycht 
wort,,, het fchijnt dat de ghene die niet toe en il:aen~ 
deur t'behulp der felve l1aehvij Gng de feyla~e te COI1-
uen bevoorden worden, of datfe de [aeck met en ver-

, fiaen; of Wat anders daer teghen \veten dat yghdick· 
niet bekenten is. 
· Nu alfoo Sijn Ex CEL LE NT 1 E dè voorgaen-
, de faken rijpelick overdocht hadde, ende fich inghe
beelt meughelick te fijn, de bove{creven voordeiing 
der feylaghe hier deur merckelick te COllnen gefchien" 
heeft als Admirael vander zee, ande Admiraliteyt [e-· 
keIoirden ghefielt, ende onderwijs ghegheven, om 
te \veghe te brengen dat de'Stierliedèn op {ulcke re'j- . 
:fen varende, hun daer na ghevougen:'Namelick datre 
van nu voortaentot veel plaetfen daerfecomlnen, 
metter daet ende wel forchvuldelick, onder{ollckell 
de af\v ijckinghen der feylllaelde vant noorden, ne- '. 
mende daer toe reet{ch'ap \vel'bequaem: Ende van 
haer reyfen weerghekeerr fij'rtde,daer afghetrouvve-· 
lick verwitting doen ande voorfcreven Admirali
tèy:t,welcke de felve ervaringen rullen doen inoirden ' 
fiellen, ende ten ghemeenenoirboire anyghdicken· 
openbaer lnaken.. .', 

Maer op dat dek die \villlOC~ opentIicker ver ... 
fiaen mach alle omfl:andighen defe faeck aengaende, 
foofullen,\vy.hier ftelleneen begin,van t'ghene men 

deur 
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needie or the magnetized iron is turned away from the Heur-de-Iys as much 
as is required. 

All this being considered and it being admitted that different countries have 
such different needle-pointings, as is testified by many people, it seems that those 
who do not admit that navigation can be advanced with the aid of the said 
needle-pointing either do not understand the matter or know something else to 
the contrary, whi,ch is not known to everyone. 

When therefore His Excellency had thoroughly considered the above 
matters and conceived that it was possible for the above-mentioned advancement 
of navigation to be appreciably effected by this means, as Lord High Admiral 
he gave order and instruction to the Admiralty to see to it that navigators going 
on such voyages should act accordingly, namely, that henceforth in many places 
where they come they should find out actually arid very carefully the variations of the 
needie from the north, using very suitable instrurnents for this, and upon their 
return from their voyages should faithfully report the results to the aforesaid 
Admiralty, which will cause these observations to be listed and published for the 
use of all. 

But in order that anyone who wishes may understand more c1early all the 
çircumstances relating to this matter, we shall here set down the principle of that 
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deur breeder crvaringhen .in wille is voorder te ver-
volghen,tafc:lwijs vervatende de naeld\vijlighen die
der alree gaghellaghell-lijn , \velek den hooehgeleer
den * Eertrijcxfchrijver Heer Petrus Plançius, deur -
langdeurighen arbeyt, en niet fonder grootecoHen by 

- ccn vergaert heeft, uijt verfeheyden hou eken des eert-
-bodems,{oo \vel verre als na ghc::leghen: SuIcxd~t als 
de Stierlieden int ghen~een deur defe manier landen 
en havens rullen vinden, foo wel als eel1ighe int be~ 
[onder die alree ghevonden hebben,den felvel1-Plal1-
dus ghehouden mach worden voor een der voor
naelnliekfie oirfaken van dien. De voornoemde ta
fel waer afbreeder verclaring ghedacn läI \vorden 
is als volgh t. -_ 

Verclaring op de naevoJghende Taftl. 

E ER \vy commen totte verclaring, willen. voor 
al fegghen, dat hy aldien namals deur nauwer_ 

en fekerder ervaringhen,der plaetfen naeld\vij lingen, 
hreeden en langden, anders bevonden \vierden dan 
inde tafc::l ilaet,cnde datmen alfdan ander manier van 
verclaring en bepaling van ,voorden behoufde, dan 
de volghende, dat ons fulc:x van t' voornemendefer 
onderfoucking nier en behoort af te keeren,maer veel 
eer daet toe te treeken, als allen ex gerakende tot meer
der en fekerder kennis eens handels ghefiichropfulc
ken grom als vooren verclaert is. Defe illeyning vol;. 
ghende ~ \vy fullen mettet waerfchijnlickHe dat 011S 

nu be-
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which it is desired to continue further by means of wider experience, listing in a 
table the variations that have already been observed, which the learned geographer 
Mr. Petrus Plancius has collected by protracted labour and not without great 
expense from different corners of the earth, both far and near, so that, if 
navigators shall find lands and harbours gene rally in this way, as some in 
particular have already found them, the said Plancius may be considered one 
of the principal causes of this. The aforesaid table, a more detailed explanation 
of which will be given, is as follows. 

Explanation of the Following Tabie. 

Before we come to the explanation, we wish to say first of all that if afterwards, 
by more accurate and more exact observations, the needle-pointings, latitudes, and 
longitudes of the places should be found to be different from those in the table, 
and if in that case another way of explanation and definition of words should be 
required than the following, this ought not to keep us from undertaking this 
investigation, but rather to incite us to it, so th at we may gradually attain to 
greater and more exact knowledge of a methad based on the foundation explained 
above. Following this opinion, we shall proceed with the most probable knowledge 
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nu bekent is voortvaren) al oft \varachtich waer; 
want' dek tlljnàcr rijt dcr ghelijcke doende, meli fal 
t\val'lchtichtte dat inde nateur daeraf is~ allenx naer
de~ en naerder meughen gherakcno 

. Dit foo lijnde ~ ende om nu tot verclaring dá tafel 
te commen ~ fao {iet men voOr al datter lijn drie pila
ren)deedl:c Van der plaCtren ilaeld\vijGngen,det\vee..: 
de vande breedc, \vaer by noch ghevouèht is de der ... 
de vande gberaemde langde ,op dat de plaetlèn inde- .. 
eertfclooten te licbcelickerghevonden \vorden, oock . 
luede om de ghedaenten der naeld\vijGnghen dacr 
deur int volghende opentlicker te verclarcn. De letter 
N bed iet inde tweede rllaer overal noordcrfche bree
de,maer Z zuyderfche breede. 

Voort \vantter ghefeyt "vort van naeld\vUcking, 
oo!1:ering, \vefiering, vergrootende ende verkleenen
de, oock van eerne en t\veede perek, welcke :als ey
gen conlhvoorden haer bepalinghMvereyflèheil,foo 
is voor al kennelick " de zeylnaelde feker eyghenfchap 
te hebben, datfe op een felve plaetseen felven oirc . 
wijfi)maer niet den (elven oirt over al,wanr tOt fOm-

. mighe plaedên \vijllfe recht 11oon, tot ander wijckfe 
na i"ooften, elders na t'weO:en, daerom fegghen ,vy . 
by manier van bepaling als volghen fal~ . 

fiet bel I2.~ ~laÇ. 

B TA-
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we now have as if it were truej for if everyone does the same in due time, itwill 
bepossible to come gradually nearerand nearer to that which is most true in the 
nature of things. 

This being 50, andin order to come now to the explanation 'of the tabie, it is 
seen first of all that thereare thrèe columns, the first of the variations of the 
places, thesecond of the latitude, to which has beenadded the third,of the 
"estimated longitude, iriordèr that the places may be found more easily on 
the" globes,andalsoin order to explain the characterofthevariations more 
clearly in what follows. The letter N in the secondéolumn everywhere designates 
northern latitude, and S southern latitude. 

Further," because "mention is. made of variation, easterly variation, westerly 
variation, increasingand decreasing, andalsoof first and second segments 1), 
whichas special technical terms require adefinitión, it" is to be known first 
of all that the magnetic needie has the particular pioperty that in the same place 
it points in thesame direction, but not in the same direction everywhere, for in 
some places it points due north, in others it dedines to theeast, elsewhere to the 
west; for this reason by way of definition we say as follows: ." 

*) This term will here be used to render thé Dutch .. perck .... which stands foi" the part 
"of the earth's surf ace that. is bounded by t.wó half-mendians. 
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:TAFEL"bËR 

\VLI SLN G HE N. 

\
'OCl:ering':,Breede.' Laogde. 
rr, 0. rr. 0. rr. 0. 

, ", .rEen"derVlaemfche Eylanden corvo. '0.' 0. 'N 37" ei. o. 0; 

rVer-~ 1 'OptVlaém{ch Eylam~anéla Maria; 3· _10~. N 37~ 0. 8. la. 
,groo- Neffens he~ EylantMalo. , " ,,' , 4,; 5J~ N.I 5. O. I I." 10. 

, , ,rende iDy t'Canari(ch~ Eylant Palrna. ' 6~' 10. N 18. 30. J 6. 1,0. 

Eer(l:e o.o(l:e~ I Dy Cabo de Roca by Lisbona., , 10. 0.', N 38. 5 j. 1+ 30. 
perc~ rlOg I I:Jet Wc(l:erlicklle van Yrlandt., , 11. 0. N jl.! 3. 2.4. Ho.. 

opde, ~ ":rEngelantseint. ' " , I:l. 40. N 50'11.. 18. o. 
n?ort-! Ver~ ,Een mijl oollwaert v.àn Pleymouth. I;. ,2.4. N 5 ° 18. 30. 0. 

Dende-{ LondèDin Engelanc. u. ;0. N 51. 1 4. H' 6. 
uJde telee- Dy Timouthinzee. " , ,',,' 1.1·40. N JJ; o· 33. o. 

oolle. lH, et voorIant van Engdant. u. 0. N SI. 8. 3 S' 40. 
,ring Amllerd-am. , 9· ,3°. N 51. 10• ,9, 30. 

We(l:e
ring. 

f
Hel~fhUY by weRcn de Noorrcaep in

l 
' 

,', Fmmarck., jO. o. 
(Ver.. Noorrc.aep in Finmarken. '0. ,H. 
'g[Oo- Noork1n. \1, O. 

N 60. c. 
N 71.1j. 61. :;0. 

N 71.10.6,. 30. 
Twee- rende ~ Sint Michiel in Rullia genaemt Arch-
de welle- tangeI. ',,' U. ;0. iN 64·54· 83· ;0. 

'percx ring . De zuyderlicke llra,etvanvaygats. 24, ;0. IN 69·;0. JO~.o. 
opde Ver- LangenesinNovaZembla., ' lj. 0.' \Nn. 10 100.;0. 

noort- I WiUems Eylant byNovaZembla. ~~.o.. N 7" ;S'\1 10. O. 

,tijde
C ~ed {Y{hollckinNovaZ-embla;I~7' 0. 'lN77. ri. IlO. 30. 
'wne~ e Hc:,winterbuysi~NovaZemhla. \16. O. N 76. o~ 110. ;0. ene- ' 
lring 

Op 
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'. . ." .... . . Ol1:ering. Brecde. 
1I 

Itangde. 
tr. 0 . (OplOS. Spaenrche mijlen wcl1:waert tr, 0. tr, 0. 

. . JVer~ ) . van Cabo Sant ~u~uL1:in e~ BraCilie. o. o. Z. o. c· 

I 
groo- I Br Cabo S.AUguftlO ID Br~tiha. 3· 10. Z. 8 ·30. G. o. 

. . teade "' Zuyt,c~ noort metCabo das Almasin '. '.. 
Eerne. oone- I Gumea. . • 11. '5, Z. o. o. 19, 0, 

percx J ring I N.·oottweft wel Toa noordelick van del .. ' . 
op de 1 l Eylanden van.TriR:an da Cuncha.19' 6. 'Z.~ I. 30. 30',0. 

z~yt. tV
.Ier: (N .. Glo .. rtwe.fl: wel fO.o wel1: .. elick. vande 

fiJde: c ee )" vootfcrevc:n EyIanden. . . IJ. 0; i .. 3 .... 1. 30'13~.O. 
~~~~~I Zuye en noort met Cabo dë Bona efpe .. 

ring l" ,ance." ":.:' Z.H. 1
0
,(. o. 

{OP:l7. duytCchemijlen van Cabodas riFlg... I 
Agllillas ooflwacrr. '0. O,"Z. 160. o .. 

· . . Ç>nttent J. mijlen in zee vant lalltNa- .... I .' 
· (ver. . tal . '. . ·4. .3°. Z.;;. o. 66.0. 

Twee_groo- BydeBai.xosdaIndia. .'. " H.O~ z,ü.o. 79·:;0. 
de . tende ~ ~ofa~bi~~e. . ... u.o. Z.14do. 81 .40. 
percx ~e(l:c:.lodeo IOwIJck van S. Auguftm I.n Ma· .' '" •.. 
opde I (log dagaCcar. . .' .: . 15. 0 •. Z. 13·3°· 83. 0 • 
'Zuyt- .. ,.' ;Z:uytva~CaboSantRomam. . 16.0. Z.18.,o. 86. 2.0. 

tijde . Inden inwijck van Anton Gil in Ma·' 
(uyt- l dagafcar... .' IJ. o. Z.16.10 9

" 
o. 

geno-~ (H' DUYE(che mijlen zuytooft van S • 
. men I Brandaon. '. u~o ... Z. 19. 10• r 1<:>.0 •. 

Goa Goa e~n .. vermaerde coopt1:a.dti India. r 5; JO. N i 5.3°. 110;0. 

Co- . Cochm. iJ .0. N'9. 45. 111. o. 
ehin '. '.\ Ver- . iJ'. Durt.fch~ mijlen wefl tcn noorden .' 
en . dee- vande zuytwenhouck vanSamacra. 6 •. ' . 0.··· Z 1·.18. 147.0 . 

CaD- .'. nende Bantan~n coopl1:adt in India.. 4. 45- Z 6. o. {50 .P·· 
ron) l~efle.. Het EylaDt Lubock. .... ....z.. .z.J'.Z~, 10. 155·;0. 

· nng De z,uytWel1:houc~~vant Eybnt~alrJ~ . I .• ' 3~.· Z 8. 4°; '$7.0 • 

De mont der RlVIcr vanCantan in] 

Bu~ah~n~6. Dllytiche mijl~n va .. n he.t 0 •..... o~ .. zN ~3' o. 160. 0 • 

. ·.ooaendevan lav!1 na hel ooften. ". o. o. 16or,o. 
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T ABLE OF THE VARlATIONS. 

Easterly 
Variation Latitude Lóngitude 
deg. min. deg. min. deg. min. 

e:: Corvo, Azores 0 0 N 37 0 0 0 

~ 
.9 On the Island of ... 3 20 N 37 0 8 20 ... .~ St. Mary, Azores ~ ..c:: t;J .. 

Cl. ~ . Off tbe Island of 
.~ ~ 

Maio 1) 4 55 !'V 15 0 11 20 

..c:: ~ Off tbe Island of ... 6 ., Las Palmas, Cartary Isl. 10 N 28 30 16 20 
e:: CIS ... ~ 
~ Off Cabo da Roca, ..c:: co 10 0 N 
t e:: near Lisbon 38 55 24 30 
o. .; 
c:: 111 Tbe westernmost 

~ 
... part of Ireland 11 0 N 52 8 24 12 
v e:: ... .... Land's End 12 40 N 50 21 28 0 

e:: 
0 

One mile eastward ... e:: jo{ e:: from Plymouth 13 24 50 18 30 0 
~ 0 
e ~:~ Off Tynemouth 2) 
~ 12 40 N Ó ., ·5 =- in tbe sea 55 33 0 

... London in England ., ~~ 
11 30 N 51 24 34 6 

.~ 
~ oB Tbe Foreland of 

l 
., England 3) 11 0 N 51 8 35 40 
CII 
111 Amsterdam 9 30 N 52 20 39 30 

,Westerly 
Variation 

t f e:: . Hjelmsöy to tbe west 
..c:: of tbe North Cape in Cl. 0 0 0 N 60 0 ., .~ ·6 Finnmark 4) 
~ ·5 North Cape in Finnmark 055 N 71 25 61 30 

..c:: . ~. 

e::. .~ 
Nordkinn 5) 2 0 N 71 10 63 30 

t .... St. Micbael in Russia, 
..c:: ~ 12 30 N 64 54 ..... called Archangd 

83 30 
t ti, 
0 ~ Tbe strait to tbe south Cl 
111 co of Vaygach Is!. 24 30 N 6930 103 Ó 

..c:: .s . ... 
~. Langenes on Novaya 

e:: 111 ~m1ya 6) 25 0 N 73 20 100 30 
0 ... v .... e:: "Willems Eylant", off 
e:: .... 33 0 N 75 35 
~ Novaya ~m1ya 1) 110 0 

ä 
111 

~~ï "Ysbouck" on Novaya ., 
..... ~ 0 27 Ö N 

"ó ~ t· .... ~lya 8) 77 12 120 50 
e:: cu ... ~ 
0 ... ".t: "Hèt winterbuys" on 
~ v ~ CIS 26 0 N 76 6 

Cl) Ö ~ Novaya Zemlya 9) 120 30 

(For notes, see p. 441). 
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Easterly 
Variation Latitude Longitude 
deg.min. deg. min. deg. min. 

cu At 105 Spanish miles ... d westward from Cape cu 0 S O. 0 ...c: .tj. St. Augustine in Brazi! 0 0 
g. 

·2 rn ·s os 10) 
cu ~ Off .Cape St. Augustine ...c: ~. 3 10 S 8 30 6 0 
d in Brazi! ... cu 

To the south of Cabo cu ... 
...c: rn 12 15 S 0 0 29 0 ... 11 das Almas in Guinea :l 
0 ~ 11) rn ·d 
cu .~ Slightly more northerly ...c: ... cu than northwest from 'Ö 19 0 S 31 30 30 0 d d the Islands of Tristan 0 .... ... da Cunha 
d cu 

ä .~~g I Slightly more westerly 
cu than northwest from 15 0 S 31 30 36 0 rn ... 11 !!·e the aforesaid Islands 
rn ... ::l." To the south of the .!:l ~ cu ~ p., Cl ~ Cape of Good Hope 2 30 S 35 30 57 0 

(Fornotes. see p. 441) 
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Westerly 
Variation Latitude Longitude 
deg. min. deg. min. deg. min. 

At 17 German miles 
eastward from Cape· 0 O· S 60 0 

c:: Agulhas 12) ..... 
0 - '-S About 5 miles in the 

c:: 'C sea from the land of . 430 S 33 0 66 :0 o· .... ~ ; 
>.. 

Natal 
U -.:: At thfe Baixos da Judia . ·11 .0 S· 22 0 79 3·0 
"0 l:l 13) . ; ~ Mozambique 11 0 S 14 50 . 81 40 

c::ft 
bi) In S. Augustin Bay, :.a c:: 13 o· S 23 30 83 0 

.. 

u .;;; . ~adagascar .. 14) 8 «I 
<lJ ... South of Cape St. ... 20 

«I
ft u 16 0 S 28 Ö 86 c:: Romain 15) 

0 .... 
~ In Antongil Bay, .... . Ma~agascar 16) . 15 0: S ·16 20 91 0 
g< 
u 
~ 34 German miles 
'-" 
~ . . south-east from 22 0 S 19 20 ao 0 ... 

St. Brendan 17) <lJ .c: c... Goa, a famous market-
'" 15 10 N 15 30 120 0 ·s town in India 
<lJ c:: Cochin N 9 45 .c: 0 

15 0 121 0 
c:: .~ 25 German miles west ... 
<lJ 'C by north from the .c: .... cd 6 0 S 5 28 147 0 =:l .. southwestern corner 0 
'" >. of Sumatra 
~ -.:: 

<lJ 
~ ... Bantam, a market-town 

'" 4 45 S 6 0 150 0 
c:: <lJ in the East Indies 18) 
0 ~ 
.... bi) The Island of 

S 6 5 c:: 'Lubock' 19) 2 25 10 155 0 .... 
~ '" cd The southwestern corner <lJ ... 1 30 S 8 40 157 0 
'" 

u of the Island of Bali <lJ 
"0 Cl The mouth of the River c:: 0 0 N 23 0 160 0 0 of Canton in China 
~ 

en Bunam, 46 German miles 
to the east from the 0 0 S 160 0 
eastern end of Java 

20) 

(For notes, see p. 441). 
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1) Cape Verde Islands. 
2) NorthumberIand, east coast of Great Britain. 
S) In view of the latitude given, South Foreland near Dover must be meant. 
') The island ofHjelmsäy, to the west of the North Cape. 
6) Nordkyn, Finnmark, a cape to the east of the North Cape. 

441 

6) Langenes (Capo de Prior), Sukhoy Nos, a cape on the west coast ofNovaya Zemlya, 
in about latitude 73°30' N. 

7) Berg Island, one of the Gorbovi Islands, near the west coast of Novaya Zemlya. 
8) Cape Bolshaya Ledyanoi, north point of Novaya Zemlya. 
9) "Het behouden huis", where Heemskerck and Barents passed the winter of 1596/97. 

10) East coast of BraziI, near Pernambuco. 
11) What is. meant is: in the meridian of Cape Palmas, coast of Liberia, in latitude 

4°25'N. 

12) Cape Agulhas, south point of Mrica, in latitude 34°50' S. 
13) Baixos da J udia, Mozambique ChanneI. This shoal is called J udia, af ter the ship 

"de Jodin" (the Jewess), which got into trouble there. 
14) West coast of Madagascar, latitude 23°30' S. 
16) Cabo Sant Roman, Cape Andavaka, south coast of Madagascar, situated south-

west of Fort Dauphin. 
16) East coast of Madagascar, latitude 16° S. 
17) A mythical island, imagined east of Madagascar. 
18) Java. . 
19) Lubock is the is land of Bawean, situated north of Surabaya, in about latitude 6° S. 

The name is a corruption of the Malay word lub uk, which means harbour basin. The 
island owes this name to the big inlet Sangkapura, on the southern side of the island. 

20) For Bunam or Bima, see page 370, note 17. 
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I. Bepakng.-
nE afwijcking. der naelde vanb 

noorden na t'ooiten,heet ool1:ering, 
maer na t'weH:en, weitering, ende În-r..J 
ghen1een naeldwijcking; M aer naeld~ -
\Vijcking en rechte noortwiJfing, inb 
ghemeelU naeld wij {ing. .. 

-A-- -- E. N G A END E de woordcll van vergroo'
tende en' verkleenende oofiering, en \vefie .. 

- ring,oock van eerHe en t\vecde perek, die vereyCchell 
-eer wy totte bepaling commen, wat breeder verda ... 
ring, tot \velckeneinde \vy aldusfegghen: Men fier 
inde tafel, dat de naelde in Corvo recht noort \vij{t~ 

. maer van daer oo(hvaert cOll1mende, datfe begint t~· 
oofteren allencx ~necr enmeer~tot een mijl oolhvaert 
van Plemoudl, ahvaèr de afwijckingten grootll:cn 
isvanq. tr. 2.4- 0. 'Ende van daer voorder COll) men-

. de, Gj begint te verdeyncn tot HeIrnth~ly by \vefien 
de N oo~tcaep van Finmarcken toe,alwaerfe weelOlU 
rechtJ1öoft wij ft. . Voort is de langde van'Corvo tot 
-Helmfchuy van .6o~tr. T\yekk foofijnde,hct blija: 
dat de voorf.grootfie naeld\vijckingvan J3.tr.14. 0. 
hy Plemout~ ,v1el~s langde 3o.tr. ghefchier inrmid
del der twee plaeeren daer. de riaeIdered1t noort 
wijlt, Want den 30. tr. is int.middel cu{fchen t~begil1 
en den 60. cr •. 

Tghene~ 
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ls1 Definilion. 

The declination of the needie from the north to the east is called easterly 
variation, but to the west, westerly variation, and in general variationj but variation 
as weIl as north-pointing of the needie arecalled needle-pointing. 

As regards the words increasing and. decreasing easterly and westerly variation, 
and also first and second segment, these require some further explanation before 
we come to thedefinition, to which end we say as follows: It is seen in the table 
that in Corvo the needie points due north, but that, when from there one comes 

. to the east, it gradually begins to decline to the east more and more, up to one 
mile eastward from Plymouth, where the variation is greatest, namely13°24', 
And when from there one gets further, it begins to decreaseup to Hjelmsöy to the 
west of the North Cape of Finnmark, where the needie points due north again. 
Further the longitude from Corvo to Hjelmsöy is 60°. This being so, it appears 
that the aforesaid greatestvariation of 13°24' off Plymouth, whose longitude is 
30°, is midway between the two placeswhere the needie points due north, for 
30° is in the middle between zero and 60°. . 
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'HAVENVINDINC. I; 
.. "Tghene \vy~iérghefeyfhebbGÏ1) vande,veranqe:.:,, .... 

'. ring der naeldwijfiog op de noortfijge des eenrij'c,,"; , ' .'. 
. dergelijcke bevint lic,hd~ur ervaring oockqpdC; z':lyt- .' . 
.. 'fijdc; want op I os.·Spaerlfche mijlenwdhvaenva'ué.· ... 

,Cáb()Sal'it J\ugtillinopt begindeda~lg~e ,\vijftde .' . 
'. naelde recht noo~t ",aHoofe oockdoeftet;pläeçsiüde '. 

tafel ohefeyt,op:17.~:Duydèhe mijleuvanCabo da'S' ..... . 
Aguflla~,\~efende,',op .. 6q. q.~êrlabgde",cl~qe·hlt-mi~-'i:, 

'.L .. del tuiTchen bey~en,dats op den 30.tr.valr,aldaer bock.,;, 
, ghelijêk ()pdeno{)~tGjge de, gto6t(1:epo{leril1g.,da~s '.: .• 
ter plaets inde tafel ghenaemt,noort\veLl::\'V el foo . 
noorderlick vande Eylanden vanTrilbn da Cuncha, 
doende dievvijcking 19. tr.· . . '. 

Hier uijt\viImcn belluyccn, dat de' naelde recht 
noort\vijfi tot alleplaetfen ghelegenil1de tWee half:.. 

. 111iddachfronden deurCorvo en de Hel111fhuy, van 
deen * afpunttotdander .. Oock mede dat de naeldens * Polo. 

oofterillg ten groodl:en is ,tot alle'plaetren int halfil1id
dachfrollt ftreckende deurdeplaetsghelegeneen mij Ie 
oofiwaert van Pletnoum.·· , .' " ..•. : 

hlder voughen dat in: fûIèk anfien,het èertrijcxdeel 
begrepen. ruif, h en di env ee h~lfiniddac h rronden, Go. 
trI in langde van malCander;is een perck int welck de. 
naeldeoveral vam noorden nat'oofien \vijckt, ende 
inden helftvandien,dat'~s he~ eertrijcxdeel begrepe~ 
tu{fchen de twee halfinlddachfronden) teerfiedeun. 
['begin ,het ander deur den' 30. trI remde overal fijn 
vergro6tende oofiering:Ende in dander helft vèrklee
nende oofiering: wdverLl:aendeaUinen vam weilen 
nat'oo1l:en treét"da~ nat'vervolg vande u.dèr langde. 

. B) Deur 
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A similar thing to that which we have. here said about the change of die 
needle-pointing on thè north side of the earth is also found by experience on the 
south side, for at 105 Spanish .miles westward from Cape St.· Augustine in 
longitude 0° the needie points due north, as it also does in the place given in the 
tabie, at 17 German miles from Cape Agulhas, which is in longitude 60°, and 
in the middle between the two, i.e. at 30°, as on the north side, falls the greatest 
easterly variation, i.e. in the place mentioned in the tabie, slightly more northerly 
than northwest from the Islands of Tristan da Cunha, said variation being 19°. 

From this it is concluded that the needie points due north in all places situated 
in the two meridian semi-circles through Corvoand Hjelmsöy, from one pole to 
the other. Also that the easterly variation of the needie is greatest in all places 

. in the meridian semi-circle passing through the place situated one mile eastward 
from Plymouth. 

Thus, considering the above, the part of the earth contained between. those two 
meridian semi-circles, 60° in longitude distant from each other, is a segment in 
which the needie declines everywhere from the north to the east, and in one half 
of it, i.e. thepart of the earth contained between the twomeridian semi-circles, 
the first through longitude 0°, the other through jOO, there is everywhere 
increasing eastedy variation, and in the other half decreasing eastedy variation, 
that is to say:when one goes from west to east, i.e: in the order of the degrees of 
longitude. 
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Deur tgene tot hiertoe ghefeyt is vant eerCle perck 
ll1ct oollering ,ende fijn tvvee deden, ['een met ver
grootcnde ooilering,t'andcr met vercleellende~mach
luen lichtelick verflaen derghelijcke ghedaemcn vant 
t\veede perck met wefiering, ende fijn twee deden, 
['een met vergrootende wdl:ering, t'ander met ver
kleenende: \'V'am inde lnont der Rivier van Cancan 
in China, ligghende in laugde 160. tr. van Corvo, 
daer \vij!l: de naelde de derdemael recht noort, daer
om aldaer ghetrocken een derde halfiniddachfront, 
foo is het eertrijcxdeel begrepen tuffchell dat t\veede 
halfiniddachfront ende dit derde IOE). tr. van malcan
der,ecn perck int \velck de naelde overal vam 1100r
den na t\vellen wijckt J ende int middel van defe 
twee,dats int halfmiddachfront]o. tr. vant tweede" 
ende ooek foo veel vant derde,oft anderhns .t 10. tr • 

. vant eedl:e door Corvo,daer heeftmen ooek de gl'Oot
fie af\vijcking der naelde, (oot inde tafel tot t\vee 
pbetfen blijekt, deen op Willems Eylant by Nova 
Zembla,alwaer de grootlle wefiering op die breede 
bevonden is van H. tr. dander 34. Duydèhe 111 ij len 
zuytoofi van S. Brandaon, alwaer de groodl:e naeld
\vijck op die brecde bevondcn is van 2.l.. tr. \verende 
de langde van elek dier twee plaet(en 110. tr. Sulc" 
dat inden helft van dit t\veede perc, dats het eert rij cx
deel begrepen tu!Tchen de t\vee halfmiddachfronden, 
['eerHe deur den 60. tr. t'ander deur den I I o. tr. foude 
overal fijn vergrootende \'vdlering, in dander helft 
verklccnende well:éring. . 

Van defe 160. trI der langde, tWelckop 10. tr. na, 
den 
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FtÖm what has so far been said about thefirst segment with easterly variation 
and its' two parts, the oné with increasing, the other with decreasing easterly 
variation; it can easily be understood that the second segment with westerly' 
variation and its two parts, the one' with increasing; the other with decreasing 
westèrly variation, is of the same nature. For in the mouth of the River of 
Canton in China, situated in longitude 1600 distant from Corvo, the needIe points 
due il(~rth the third time; consequently, if a third meridian semi-circle is drawn 
there; the' part of the earth contained between the second and the third meridian 
semi-circle, 100° distant from each other, is a segment in which the needIe declines 
everywhere from the north to the west, and in the middle of these two, i.e. in 
the meridian semi-circle 50° distant from the second and asmuch Erom the third, 
or in other words 110° distant from the first throlJ,gh Corvo, thé gieatest variation 
of the needIe is to be found, as appears in the table in two places, the one 
in "Willems Eylant", near Novaya Zemlya, wheré the greatest westerly variation 
in that latitude is foiind to' be 33°; the ather at 34 German miles southeast from 
St. Brendan, where the greatest variátion in that latitude is found to be 22°, 
the longitude of each of those two places being 110°. Thus in the one half of this 
second segment, i.e. the part of the earth contained between the two meridian 
semi~circ1es, the first through 60°, the other through 110°; there would be 
everywhere increasing wciterly variation, in the other half decreasing westerly 
variation; 
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" "', , ,U'A,V Ii NVI'N: P"IN G~, " " "15 ",i 

,den helftdeseertrijcx is, heeft de' voorf.Plancills dt' " 
, "naeld\vijGnghen, becOl;nmdl,gh~lijck(e, hier'voorel",:,',':: 

" 'befchreven lijn: Maervaïlde reH des eerttijcx .),tewe~ 
", 'teu van Cantan ooihvaÇit;of vad C6i:v,ö wefhväei~r, 
,',en,overcominën deervaringhen niet die hem 'van, ' " 

Spáengjaerdël),'Erlgelfchel1:cn' q~1fe z~evaerders.rèr ' 
,handt g~ecommenJijn, als ghedaen \ve(ende [onder
bçqüa'[l1~h' cllyçh~. dt gheh'q~di(acm" ~v.e~e6fçhap:"" " 

, Doch verwacht hy van daer alle daghe nieuwe ze-: " 
, , ' kèrervati~ ghen;deurfch~pen dielneér. danyeertQiep, 

, m~ei1den, uijtgheweelt lijn. Maerdaercmu(fchenfll]:.',' 
-,lel1' wy fegghen, tgene in en vair dat de,el :ee,niè:hlil1~ ,,": 
vèrrnöët alsvolght: By'aldierï de'eyghehfchap det- ',' "', 
rechrnoortwij fing, niet alleen en is inde voorf. drie 
boghen" diemen meent h:alfmiddachfronden te we-
fen , ghelijck \vy vooren ghefeyt hebben van deen' 
afpunt tot dander, maer inde heeler~nden, [00 fou
dender opt eertrijckin als ullcke fes halfronden fijn, 
vervanghende fes pereken. , ,', 

Teerfi~ met oofiering lanck 60. tr. 
Het nveedê met wefierlng lanck 100. tr. 
Het derde met oofiering lanck 2.0. tr. 
H~t vierde met \vefiering Janck 60.tr. 

, , Het vijfde met oofiering lanck IOO~ tr. 
Het fefiemet weHering lanck 2.0. tr. 

. Om tgene voorfeyt is deur een form 'noch ope~r
Jicker te verdaren;(oo Jaet ABC D E F G HIK L M,het 
, middelront des eertcloots beteyckenen,diens afpunt 

N. V oon lij NA denhelfi'van teerfie halfrniddach f
Iontdeui',Corv,o~NchettWeedeIN Ehetderde, N G 

, hcr 
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Of these 160° of longitude, which is 20° short of one half of the earth, the 
aforesaid Plancius obtained the variations as Ithey have been described above. 
But for the rest of the earth, to wit, from Canton eastward or from Corvo west
ward, the observations he obtained from the Spaniards, the English, and our 
own navigators do not agree, because they have been made without suitable 
instruments and sufficient knowiedge. But he expects any day to receive new and 
more exact observations about that part through ships that have been away for 
more tnan fourteen months. Now in the meantime we shall say what is assumed 
about that part,· as follows. If the property of the north-pointing applied not 
only in the aforesaid three semi-circles, which are thought to be meridian semi
circles, as we have said above, from one pole to the other, but in the whole circles, 
there would on the earth be six such semi-circles in all, containing six segments. 

The first with easterly variation 60° long. . 
The second with westerly variation 100° long 
The third with easterly variation 20° long 
The fourth with westerly variation 60° long 
The fifth with easterly variation 100° long 
The sixth with westerly variation 20° long. 
In order to explain the above even more clearly by means of a figure, let 

ABCDEFGHIKLM designate the equinoctial circle of the earth, its pole N. 
Further let NA be the ·half of the first meridian semi-circle through Corvo, Ne 
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16 D E 
het vierde, N I het vîjfde, N L het feae, ende alroo 
dat de booch A C doe G.G. tr. CEl 00. tr.dats A E 1'0. 
tr. E G 10. tr. dats A G 180. tOr. G I 60.tr. dat A I 1.40. 
tr. I L 100.tr. dats AL 34°. cr. LA 1.o.tr. dats tge
heel rondt; 60. cr. Voort fijn de fe:; punten B" D, F, 

H, J<, M,middelcn tu(fchCll A C,C E, B G, G 1, 1 L, LA" 

Dit aldus wcfènde foo bediet, • 

CJvc .d 
~ ~~ 
o " 0 .. 0 • • 

ANC het Ie perck metoofiering. 
A N B des 1 eperex vergrootende ooflering. 
:B N C des 1< perex verkleenendeoofieringo 
eNE her 1.~ perek met wellering. 
eND des 1..e percx vergrootende \veRering. 
D N E des l. eperex verkleenende \veftering. 

ENG 
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of thc:: second; NE of thethird, NO' of the fourth, NI ofthe fifth, NL of the 
sixth, and such that thè àrcAC makes 60°; CE 100°, and 50 AE 160°; EG 20°, 
and 50 AG 180°; GI· 60°, and 50 AI 240°; IL 100°, and so AL 340°; 
LA 20°,. and 50 the whole circle 360°. Further let the six pointsB, D, P, H, K, 
M be the mid-points betvleen A and· C, C and E, E and C, G and I, land L, 
Land A. This being so, 

ANC designates the.1st segment with easterly variation 
ANB the increasing easterly variation of the lst segment 
BNC the decreasing eastedy variation of the lst segment 
CNE the 2nd segment with westerly variation 
CND the increasing westerlyvariation of the 2nd segment 
DNE the decreasing westedy variation of the 2nd segment 
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.'., 11 AV ENYIN.IUN G~. ." 1.7, 
. E NG~he"tT'përck 111et90fiedllg~ ...., ..'. . ..... ; 

"'" .. EN f.des, e petcx vergroot~ndeQQnedng. . 
F N G des;" percx verkleenende ooHering.: 
G NI' het4e.perckmet\vêfi~fing.'·· ... '. '. 
G N H des'4e .percxvergrootendeweLl:ering . 
. H N.I des 4-c percJtvèr!(leencüde .w~fieril1g: 
IN L het fperck 111 et óofieiing.: '." ." ' ..... . 
I N K des f percx vergrootendeoollering. 

, K NL desf percx verkleenende oof1:ering. 
L N A het Ge perck met wef1:ering. 
L N M des l,e percx vergrootende \veGering~ 
M N A des 6e perx verkleenendè \vefiering • 

. M E Re T. Hoewel het te vermoeden is,datmen 
de drie laedl:e halfrondenl1iet vinden en fal van ghe ... 
. dael1te als de voorgaende gilling inhoudt,maer mif. 
fchienin menichtemeer of min, envanander ghe .. 
·{bIt; doch foo is hier me vporbeddèhe wij fe ver." 
daert de manier hoemen de\veerelt intgheheel [al 
lneughen deylen, met fulcke halfronden al{fçr al{dan 
ghevonden [uIlen worden: Boven dien is deur tvoOI
ga ende ghenouch te verGaen, watbedienvergrootel1-:
~e en verkleenendeoofiering,en weftering, ooek eer .. 
He en t\veede halfiniddacllfrol1t , met eerll:een t\vee
de pereken : Om wclcke by manier van bepaling te 
vervatell,m~n foudemeughen aldus fegghen: 
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ENG 
ENF 
FNG 
GNI 
GNH 
HNI 
INL 
INK 
KNL 
LNA 
LNM 
.MNA 

the 3rd segment with easterly variation 
the increasing easterly variation of the 3rd segment 
the decreasing easterly variation of the 3rd segment 
the 4th segment with westerly variatiori 
the increasing westerly variation of the 4th segment 
the decreasing westerly variation of the 4th segment 
the 5th segment with easterly variation 
the increasing easterly variationof the 5th segment 
the decreasing easterly variation of the 5th segment 
the 6th segment with westerly variation 
the'increasing westerly variation of the 6th segment 
the decreasing westerly variation of the 6th segment 

453 

NOTE. Though it is to be expected that the three last semi-circles will not 
be found to be such as the preceding conjecture implies, but perhaps in a quantity 
either more or less and of a different form, yet it has thus been explained by 
way of example in what manner the whole world may be divided by such semi
circles as shaU be found. MoreÇ>ver it can be sufficiently understood from the 
. foregoing what is the meaning of increasing and decreasing easterly and westerly 
variation, also of the first and the second meridian semi-circle, with the first and 
second segments. In order to summarize this in the form of definitions, it might 
be said as follows: 
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Da 

2. Bepaling. 
VERGROOTENDE oofrering of 

weftering,is die welcke de naelde van 
weH:en na ooftetl..J voortghebrocht.J 
zijnde , v~rgroot: Ende verkleeQen ... 
de, diealfdan verkleent. 

1. Bepaling. 
D E halfmiddachfronden daer de . 

naelde recht noort in wij ft, heeten wy 
eerfte,tweede . halfn1iddachfro nt ,elLJ 
foo oirdentlick voort na tvervolgh 
vande trappet'LJ der langde fooveel 
alffer fulcke ronden zijn , beginnéde 
vant halfmiddachfront deur Corvo~ 

4. Bepaling. 
-T v L AC K begrepen tuffchen teer

fie en tweede halfmiddachfront~ noe
men wy eerfte perek, en dander oir
dentlick vervoighende tweede, derde 
perek, tottet laedle. 
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2nd Definilion. 

Increasing easterly or westerly variation is that whichincreases when the needie 
is carried from west to east; and decreasing variation,which then decreases. 

3rdDefinition. 

Themeridian semi-circles in which the needlepointsdue northwe call the first 
and the second· meridian semi-circle, and so on, in the order ·of the degrees of 
longitude, as many such semi-circles as there are, starting from the meridian 
semi-circle through Corvo. 

4th Definilion. 

The surface contained between the first and the second meridian semi-circle we 
call the first segment, and the others in due order the second segment, the third, 
up to the last. 
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'.. . D'tt ..... g~edaePten dernadd\vij-fil1ghen' aI~uslle- . 
{chreven lijnde, wy {üllen llU deur voorbeelt ver~ . 
daren J ghelijck t'vöortïdntt:ll was, dat hoewelder 
opeen felyebreedeevegroptc ·llaeld\vijckinghcll·fijn· 

. . Jotve~{èhéydC!n' plaedell 4 es'. eertdjcx ,~at ·.l1öchtans, . ' .. 
den Stierman can Weten in \velckedcr felve hyis .. 
Laet tot deren einde eell fchiR andcrmael moeten va'!' 

.', : reil van !\milerdallJ lla.Cab~ SantAl~gufiju, inJ3ra:
Glie \vj~nshteede il1dëiafel befchreven ftaec van 8. tr. , . . . . .' ... . .. . ... . '. ... . . 

:;0. CD, ende de ri~eldvvijGng vergrootendeooftering 
· des eerll:en percx van 3. tr.ID. CD. Tfdve·[chip afva
rende, ende commende voorby Engelanclt, bevindt 
fijn naeld\vijGngdaghelicx .meer en tneçr te ooH:~ 

· ren~tot hy Pleymouth toe,alwacrfeten grootllen we
fende val1I3. tra 14. 0, het verft:kerthem dat hy to~ 
daer toe ghevaren heeft in verkleenende ooficring des 
eeril~n percx , ende dat hy van daervoort feylt inde 
vergrootende oofiering, welcke hybevindende vaR 
JO. trt opdé breede van 38. tra H.®.weet-hem ~C 

'wefen ontrent Cabo de Roca by Lifbona: Valldaer . 
af~ol1trent zuytweft anvarende,fal daghelicx·bc-vin-

· .den de breede te ll'linderen, endedenaelde lloordelic_ 
'kerte keeren: Oft' anderlins [00 die daghelickCche 

ooomering niet en bleecke, maerdat de'naelde een 
felve fi:reeèk wefe,ofc oofilicker keerde, faltdaer voor 
. houden dat onbcluerckelickç firoomen lijn fchipal 
varende oofiw~ert drijven: Om twelck te voorcom .. 
men,falt foo veel wefieUc'ker an fcttcn,dat'hy daghe~ 
licx de naeldens behoirlicke noorderil1g ctijgllc.Maer 
(oohy quaemtone ooftering van 3. tr.lO.®. eer l1y 
. ·C' 2t . gherocht 
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The character of the needle-pointings thus having been described, we shall now 
explain by means of examples, as was our intention, that although at the same 
latitude there are equal variations in different places of the earth, the navigator 
may nevertheless know in which of these pI aces he is. For this purpose let a 
ship. have to sail once more from Amsterdam. to Cape St. Augustine in Brazil, 
the latitude of which is given in the table as 8°30' and the variation is increasing 
easterly variation of the first segment of 3°10'. When this ship puts off and 
sails past England, the variation will be found to become more and more 
easterly every day up to Plymouth, and since it is there at its greatest, namely 
13°24', this assures the navigator that he has so far sailed in the decrea.sing easterly 
variation of the first segment and that from there he will further sail in the 
increasirig easterly variation, and when he finds this to be 10° in latitude 38°55', 
he knows that he is off Cabo da Roca near Lisbon. When from there he sails 
about so.uthwest, he will daily find the latitude decreasing and the needie returning 
to the north 1). Or else, if this daily return further to the north did not become 
apparent, but the needie pointed in the same direction or declined further to the 
east, he will assume that imperceptible currents are driving his ship eastward; 
and in order to prevent this, he win direct it 50 much further westward that 
he may daily obtain the !)roper return of the needie to the north. But if he comes to 

1) The ship, starting from Amsterdam, navigates flrst in the section BNC ("decreasing 
easterly variation of the lst segment"); then in the section ANB ("increasing easterly 
variation of the 1st segment"). See p. 451. 
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gherocht totte zuyderlicke breede van 8. tr. 30. C!". hy 
fal maken foo veel hem meughelick is,die nae1d\vijc
king int zuyt'VVaert varen te behouden, foo veel 00-

fielicker of \veildkker·feyléde als de faeck vcrey[chr. 
Ende hoe\vel hem na gilling docht anders te behoo •. 
ren,en fal die nochtans nier volghen, om redenen hier 
vooren breeder verclaert, \V ant commende alfoo totte 
zuyderfche breede van 8. trI 3°.0. met vergrootende 
ooilering va113. tr. 10.0. hy moet (tmach mette lang
de dier pIaets fijn foot wil) ontrent Cabo Sant Au
gull:in \vefen,ende dat lnet fekcrheyt;daermen anders 

. op gilling betrolJ\vende, ettelicke hondert mijlen 
vande begeerde plaets gheraeét, fonder te \veten of
mender 00{1: of weil aflighr., ghe1ijck op fulcke rey
fen meeter daet ghenouch gheblekenheeft. Daerol11 
tot allen hOl1cken. des \vecrelts de naeldvvij fing en 
breede \vel ghenomen fijnde, ende an alle man be
kent ghemaeél, men faI de \veerde andersconnen be
feylen danmen ghedacn heeft. 

Tot hier toe fijn befchreven de ghedaenten der 
. naeldwijfinghen,volghendeuijt hetghefl:elde des ta
fels: Soo ander fekerder.ervaringhen in toecommell
den rijt anders \vefen, men fal daer uyt anders meu· 
ghen belluyten,ende inde zeyling fichna t~beaealtijt 
ghevoughen. 

Hoe~ 
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tbe easterly variation of 3°10' before he has reached latitude 8°30' South, he must 
do aU he can to keep this variation in going to the south, sailing so much more 
towards the east or the west às required. And though by conjecture he thinks it 
ought to be otherwise, he must not proceed on this, for the reasons set· forth 
more fuUy above, for if he thus comes to latitude 8°30' South with increasing 
easterly variation of 3°10', he must be (whatever may be the longitude of the 
place) off Cape St. Augustine, with certainty, whilst otherwise, relying on 
conjecture, one gets many hundreds of miles from the desired place, without 
knowing whether oneis to the east or the west of it, as has appeared of ten 
enough in practice duringsuch voyages. If therefore the needle-pointing and the 
latitude are duly observed in all corners of the world and made known to every-
body, it will be possible to sail the worldin another way than hitherto. . 

Thus far the character of the variations following from the data of the table 
has been described. If other, more exact observations should prove different in the 
future, other conclusions can be drawn. from. them, and in navigation the best 
-must always be used; 
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. . 

. . Hoenten het noortpunt en tJluld .. 
. ... 'V:vijJing 'Vindt. .. . . 

.. H· OOR welhec vinden der naeld\vijling (daer 
. . . af \vy hier vooren d~ckwils ghefeyt hebben)· 
an .velen bekent is,nochtans {uIlen wy daer af [chrij- . 
ven voor de ghene diet nieten \veten. . '. . 
. AllgheGen men hier begeert te vinden de.af\'vijc ... 

. king der naelde vantnoorden,foo fouébnen eerft het 
nOOl'Cpunt,Olu dellaeldwijfing daer by te verlijcken. 
De manier der vinding vant felve nöortpunt in een he
\veghende fchipop zee ,heeftgroore ghemeenfchap 
mette manier der vinding vant noorcpunt:,of vande 
middachslijnopt vafl: lanr,ende mach onder anderen 

• aldus uijtgherecht worden: Men doet int zeecompas 
de lelirecht overcommen mettet noortende vandlaeJ, 
of vande zeylnaelde daer onder ligghertde: Of noch 
beter macmnen in plaets vande leli,een naelde felfbo
ven opt papier van legglJen, deelende t'rondt yan dèl.:.. 
ve papier in lijn 360. tr. beginnel1~e ande naeldens 
noortpunt als hier onder het rondt· A Be D, waer in 
de naelde beteyckent is· met AC, vafighcmaeél: \ve
fende opt felve papier, Eis tmiddelpunt:· Tgebruyck 
hiermeisdufdanich: Ghelijckden Stierman intfouc
ken der breede , \vachttot· datde middach ghecom
men is,te Weten tot dat de fch~eo van·eenhangfnoer 
of rechtliloer, ovcrcomt mettè liDi diçhyin Gjl~ CO LU

pas voor de middachslijn· houdt, a}[oo fal hy hier . 
ûoeo,uijtghcnomen dat hy begint 3. 4.of 5. uijren of 
·C3 rum 
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How the True North and the VariaJion are jound. 

Although the finding of the variation (about which we have of ten spoken 
above) is known to many people, we shall write about it for those who do not 
know it. 

Since it is desired to find the variation of the needie from the north, first the 
true north is sought, in order that the needle-pointing may be comparedwith it. 
The method of finding the said true north in a moving ship at sea greatly 
resembles the method of finding the true north or the meridian line on the 
land, and can be carried out, among other things, as follows. The fleur-de-Iys 
in the mariner's eompass is made to eorrespond exaetly with the north end of 
the steel or of the magnetic needie lying underneath. Or, better still, instead 
of the fleur-de-Iys a needie itself can be fixed on top of the paper and the 
cireumferenee of the said paper ean be divided into its 360°, starting at the 
north-point of the needie, e.g. the circle ABCD below, in which the needie is 
denoted by AC, being fixed on the said paper, E being the eentre. The use of 
this is as follows. Just as the navigator, when seeking the latitude, waits until 
noon has eome, to wit, until the shadow of a plumb-line coincides with the line 
which he regards as the meridian line in his compass, so he must do here, except 
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. meer voor middach alfdall, acht nemende op \V.1t 

.' trap en ghedeelte van dien de fchacu des bangfil0ers .' 
·wijfi, bevint die,neemick,opdcn 40. tr. ghetcyckent 
. F, fülcx dat G E F; de fchacu bediet, eilde nemende all: .. 

da,n.deSol1l1ens hooghde, bevint die, by voorbede, .' 
' .. van 2.5;tr. \velckehy , met(gaders de 40 .. tr. tot ghco 

. dachtnis opteyckem :·Wachtende VOOICS (oolapg na 

1: ~ 

~~~------------__ ~----------~~~'B 

c 
. middach, 
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that he begins 3, 4 or 5 hours or more before noon, noting at what degree and 
part of it the shadow of the plumb-line points. Let us assume that he finds 
this at 40°, designated by F, 50 that GEF denotes the shadow. Then, taking the 
Sun's altitude; he will find th is to be e.g., 25°, which he notes down, together 
with the 40°, as an aid to memory. Then, waiting 50 long af ter noon until the 

., 
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. middach, tot dat de Son \veerom ghçdaelt Îs tot op 
de felve hooghde alfvooren van 2.5. tr.fal.ilen \vacr' 
de fchaeu vant hangfnoer al{dan opt papier \vijlt ~ 
t\velck lij, neem ick,40. tr. over dander lijde, als all 

H, fulcx dat I E H, de kllaeu bediet. Dit 100 bjl1de~ 
t'middel des boochs F H ,als A,is tbegeerde nOOItpuIlt, 
ende \vam de naelde daer recht op wij H,foo en hecft-

. fe in dat voorbedt gheen \vUcking,dan wijn recht. 
nOOIt. Maer foo inde voorf. ervaring na middach de 
fchaeu vant hangfiloer nict ghe\vefenen hadde 40. 
u. over dánder Gjde van A,maer by voorbedt alleene
lick 2.0. tr. tot· !< i In [ulcken ghevalle dceltmcn den 
booch F K, doende Go. tri door tghedacht in t\veen 
an L, [lilcx dat L F, L IC, dek doen 30.tr. T\velck foo 
fijnde, L in: 1l00ltpunt, ende de begeerde naeld\vijc .. 
king daer afis oollering van L tot AIO. tr. 

Maer by-aldicn inde voorf. ervaring na middach, 
de fchacl1 vant hangfnoerghewefcn hadde op L" dats 
;0. tr, van F, foo deeltmen denbooch F L, doende 30. 
tr. doortghedachtin t\veen an M, ullcx dat M F;M "L, 

dek doen 15. tr. t\velck fao fijnde, M is tl1oonpunt, 
ende de begeerde naeldwij cking daer af" \verende 
oofic:ring van Mtot A2.j. tr. ende al(oo met alle voor
beelden. Maer fao de naelde alleen draeyde,fonder an 
een papier ghehecht te lijn als hier vooren, ende dat de 
trappenop den cant vande cafTe ghetexckent waren~ 
ghelijck wel ghedaen \vort: Tghebruyck is daer' 
Ine alfxooren ,midts datmen ten tijde der ervaring, 
de ca(fe keert"tot dat de naelde opt begin der trap
pen wijn. 

Ander 
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Sun has descended again to the same altitude as before, namely 25°, he must find 
where the shadow of the plumb-line then points on the paper. Let us assume 
this to be 40° on the other side, namely at H, so that IEH denotes the shadow. This 
being so, the middle of the arc PH, namely A, is the desired true north, and 
because the needie points straight to it, it has no variation in this example, but 
points due north. But if in the aforesaid observation af ter noon the shadow of 
the plumb-line is not 40° on the other side of A, but e.g. only 20°, at K, in such 
a case the arc PK, which makes 60°, is divided in two in imagination at L, so 
that LP and LK each make 30°. This being so, L is the true north, and the 
desired variation is an eàsterly variation from L to A of 10°. 

But if in the aforesaid afternoon observation the shadow of the plumb-line 
is at L, i.e. 30° from P, the arc PL, which makes 30°, is divided in two in 
imagination at M, so that MP and ML each make 15°. This being so, M is the 
true north, and the desired variation, which is an easterly variation from M to A, 
is 25°, and the same applies to all examples. But if the needie alone is turned, 
without being fastenedto a paper, as above, and the degrees are markedon the 
rim of thè box, as is sometimes done, it is used in the same way as above, 
provide~ the box is turned at the moment of the observation until the needie 
points at ,the zero point of the graduation. 
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"* ~4-, Anderlijnder die l1emeneell • foppich vierendeel 
~:;~eu~ rolltS, wiensfichtemderfplac.) niet, teghenH:aeilde (Ie '" , 
, j::/~:~i: 'be\veeghlichey~ des~chips, altijtiri,waterpasblijfr, ": 
';7;:',;'b,:U: deurJul~kenTal~!erals lntvolgh,cl1de ghcfeyt (al ''V.Qr~: ' 
rI\!'1Jull,. den. HIer me vUltmen de $onncl)s hooghde me,t hae!: 

fopbooch beyde tfenens: Deform daer af mach duf- " 
&ulich, \'velèn: AB c.bediet ,een vierendedIoms,' ',', 
1l:aende rechthouckichoptrondtBD C E,ghedeekio ' 
. fijn ~ 60. trappen "t'Yelck he~ fichtemàerfplàtb~teyc- ' 
.kent, fijn middelpunt is F~ waernp t'viererideelronts 
dracyen cal'i,endc opdattet alGnsrechthouckich blij ft., " 
apt voorf. ronde BDCE, foocomt van deen eri dander ' 

,', lijde een fieunfd) als vanG tot by Den E, vafl:ghe
, rnaetl: antvoorf. vierendeelróts ,om daer me te dra yen. 
Voortiffe.r int rondt BnCE een glas"cn daerondedijn 
feylnaelde, foo lanck allfeten langfien' indecalreJx
guamelick vallen mach, ende heeft defelve calfe van' 
binnen heur 360.tr. daer.de punt der. náeJde {cherpe~ 

" lick op 'v ij fen mach,oveIeçmméllde die 360. tr. met 
dander 360. tI .• boven· opt ficheeinderfront. 'Oefen 
tuych is deur de vondt van Reyner Pieterfz. 'hai1ghen~ 

" de-ghen'iaea op t\vee verlèh~aen a(feh, na de manier 
der 'zeecompafIèn,op dat alfoohétrondt 8DcE,inde 

, be\veginghen vant fchip altijt evewjjdic~ vanden 
, lichtemder blijve: Ende opdattet ,fèlv.e noch ~~rd~r 
, fekeIheyt hebbe, fao \votter onder een ghe\Vleht an 
verVought gheteyckel1t H, van 2.5. of 30. páltt"offoo 
veel als de grootlleyt vanden tu~ch vereyfeht. . ' 

Tis ooekte ghedencken oirboirte\vefen , dattet 
vierelldeelronts dijnder plaerstecht overendcaaende~ 

over 
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There are others who take an azimuthal quadrant,' the horizontal plane of 
which, notwithstanding the movement of the ship, always remains level, by the 
method to be described in the foIIowing. By this means the Sun's altitude is found 
along with its azimuth. The figure relating thereto may be as foIIows. ABC 
designates a quadrant of a' circIe, at right angles to the' circle BDCE, divided 
into its 360degrees, which denotes the horizontal plane. lts centre is F, about 
which the quadrant can turn, and in order that it may always remain at right angles 
to the aforesaid circle BDCE, a support is provided on either side, namely from 
G to D and E, fastened to the aforesaid quadrant, in order to turn along with it. 
Furthermore there is in the cii:de BDCE a glass, and underneath it the magnetic 
needie, . which has the maximum length possible in the box, and on the inside 
of this box are marked the 360 degrees, at which the point of the needie can. 
point accur~tely, these 360 degrees corresponding to the other 360 degrees on top 
'of the horizontal circIe. By the discovery of Reynier Pietersz 1) this instrument has 
been suspended on two different shafts, in the manner of the mariner's compass, 
in <:>rder that the circle BDCE may thus, in spite of the movements of the ship, 
always remain parallel to the horizon. And in order that this may be even more 
certain, a weight is fixed underneath it, mar~ed H, namely 25 or 30 pounds or as 
much as the size,of the instrument makes necessary.' 

1) See the Introduction, § 4 b.: Reynier Pietersz and his "Golden Compass". 
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over deen en dander lijde evefivaer Gj , dat is de Gjde 
van F na c, foo f\vaer als van F na B ,nv elckmen we
ten can mits tvierende~lrondts af te nemen, ende te 
hanghen met G neeI\vaert an een draet, va tl: gemaetl: 
int middel van B C by F, ende aI(dan (almen vande 
f\vaerfie lijde veel af vijlen, tot dat de reg hel B-C in 
\vaterpas hangt. . . 

*.A1iJAdffo Angaende ymant mocht del1ckell~dàtde" \vij(re-
ghel in verfcheyden plact(en hoogher of leegher ghe
draeyt, te groote verandering inrghewichtmocht ge
ven,daerafenisgheen merckelick feyI revervvach
ten ,om tgroot ghew.icht van H, ende de lichticheyr 
der \vijfreghel. . 

De ghebruyck daeraf, om t'noorrpunt en naeld
wijGng te vinden,is dufdanich: Men begint,gelijck in 
deerile \vij fe)ettelicke uijren voormiddach, draeyen
de den tuych tot dat de naelde opt begin des r01)[5 

\vijfr,daerna keertmen het vierendeel ronts foo lang 
herwaerts en derwaerts, tOt datde Son deur de licht
gaetkens {chijnt:' Twelck foo lijnde, men bevinr, 
neem ick, dat den ondedlen. cant of \vüfer vantvie
rendeelronts, \vijil indichteinderfplat opden 4o.trap, 
ende de hooghdeder. Son, die int vierendeelroms an
ghe\vefen wort van, neem ick, 2.5. tr. vveIcke men, 
initfgaders de 4o.tr. tot gedachmis opteyckent. Wach
tende voort foo lang na.middach ,tot darmen de 5011' 

deur den fduen tuychghedaelt vindt tot opde felve 
. hooghde alfvooren van 2.5. tr. men keert al[d:m den 
fiod ter ee lld ei en ander Gjde,tot dat de SOI1 deurde 
!lchtgaetkens fchijncnde ,de naelde \veerom wij!1: 

opt 
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It is also to be remembered that it is suitable for the quadrant which is vertical 
in its place to have the same weight on either side, i.e. theside from F to C to 
have the sameweight as that from F to B, which can be known if the quadrant is 
taken off and suspended with G downward by a thread fastened· in the middle 
of BC at F, and then so much must be filed away from the heavier side, until the 
line BC hangs level. . 

If anyone should think that the pointer might bring about too great a variation 
in the weight in different places according as itis turned higher or lower, no 
appreciable error is to be expected from this, because of the great weight of H a:nd 
the lightness of the pointer. . 

The way in which this instrument is used to find the true north and the 
variation is as follows. The observation should be started, as in tlJe first case, 
a few hours before noon, ~he instrument being turned untilthe needle points 
at the zero point of the graduation. Thereupon the quadrant is turned this way 
and. the other until the Sun shines through the sights. This being so, it is found 
e.g. that the lower edge or pointer of the quadrant points in the horizontal plane 
at 40°, while thealtitude of the Slin, which is indicated in the quadrant, is e.g. 
25°, which is noted do~n, together with the 40°, as an aid to memory. Then 
one should wait afternoon until by means of the instrument the Sun is found 
·to have descended to the same altitude as before, namely 25°. Then tbe quadrant 
is turned this way and the other until, the Sun shining through the sights, the 
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opt begin des ronts: T\velck foo lijnde, t'middelHc 
punt des boochs int llchteinderfplat tulTchen deerfie 
. en tweede ervaring" is tgefochte llOortpunt: Ende foo 
· veel de naelde alf dan daer af\vijckr" dats de begeerde 
· naeldvvijcking,gelijck int eerfiesoorbeeIt \vat bree .. 
der van [u1cx ghcfeyt is. .. . 

Deur tghene hier boven ghe(cyt is vandc ervaring· 
mette SOI1 des daechs, mach derghelijcke vedben 

· "Torden ende ghefchien met yder vafl:e fierre des 
llJchts ,die ghcbruyckende· al ofi: de Son \vaer : macr 

· niet de Maen,cenfdcelsom heurraffchc cyghen loop, . 
terianderenom tgroot ... vcrfchecnGcht datfc heeft ... ~"1I11A. 
van weghen fij t'eertrijck fao na is. .. ... x.m . 

.... Mercktnoch datmen voor ·del1 middath t\-vee· 
drie vier afmeer ervaringhen mach doen: Als by ge
Iijcknis,deedl:e \verende de Son boven den lichtein- . 
der 10. cr. inderweede 15. tr. indederde 2.0. tr. ende· 
doende del'gelijcke drie ervaringen op ftlJckc hoogh
den na middach, foo:bevint1ucn hoe deen met dan
der overC0111r, endeaHinen alGns een felve noortpunt 
crijcht , tgheeft den Stierman meerder betrau\ven op 
{ijn werck. 

Scylcnde een Stierman van oofi n3 \vell: of v~n 
\ivefl:na ooa" t'can ghebcuren dathy opden tijt van 
10. of J 2.. u ij ren cuflèhen dcedl:e ervaring en de laedle, 
een trap of meer verandering der naeld\vij ting crijge, 
\vaer uyt \vijdervolghen cao, datter 1100rrpunt ghe
vonden deur deer!le voormiddachfche crvaring,cn de 
Jaetfie namiddachfche,niet ovcrcommen en fal met
:et noorpul1t gevonden deur de laedlcvoormiddach-· 

. . fche 
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needie again points at the zero point of _ the graduation. This being so, the mid~ 
point of· the arc in the horizontal plane between the first and the second 
observation is the desired true north. And as much as the needie there declines, 
that is the desired variation, as bas been described somewbat more fully in tbe . 
first example. . . . 

From whathas been said above about the observation of the Sun in the 
daytime the same may be understood and done with any of the fixed stars at night, 
which may be used as if it. were the Sun; but the Moon should not be used 
for this, on the one hand because of the rapidity of its proper motion, on the 
other hand because of the large parallax it has, because it is so near to the earth. 

It is further to be noted that two, three, four or more observations may be 
made before noon. Thus, for instanee, the first when the Sun is 10° above the 
horizon, in the second 15°, in the third 20°. And if three similar observations 
are made at the same altitudes af ter noon, they are found to correspond one with 
the other, and if the same true north is always obtained, this gives the navigator 
greater confidence in his work. 

When a navigator sails from east to west or from west to east, it may happen 
that in the interval of 10 or 12 hours between the first observation and the 
last there is a difference of one or more degrees in the variation, from which 
it may follow further that the true north found from the first forenoon 
observation and the last afternoon observation will not agree with the true north 
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found from the last forenoon observation and the first afternoon observation, 
without the navigator having inade an error in the work. When he finds this, 
he may estimate from it how much the variation differs in a given number of 
hours' sailing, and from this may make aconjecture to have the true north 
and the variation with even greater accuracy. One can also know this when the 
variations found on preceding days are· noted down and compared with the 
variation of the day in question. 

APPENDIX. 

Since the given' variation and latitude in. combination indicate a definite point, 
both at sea and on the land, it follows from this that it is possible for ships to 
find each other at a given point at sea, far from the land. This is useful, among 
other. things, to help the ships of a Heet to reassemble af ter a storm. Br this 
means it is also possible to fix a rendez-vous where ships coming from different 
directions may meet at a predetermined time. 
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VAN DE ZEYLSTREKEN 

THE SAILINGS 

FIOm tbe Wisconstighe Ghedachtenimn (Work XI, i, 24) 
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INTRODUCTION 

§l 

THE CONTENTS OF THE TREATISE DEVOTED TO THE "ZEYLSTREKEN" 

The treatise about the Zeylstreken. (The Sailings) is devoted to two special 
tracks, entirely different in character, along which a ship can move over the 
earth's surface, viz. great circle and loxodrome. It is succinctly and lucidly written. 
As in The Haven-Finding Art, the words express Stevin's meaning in a perfectly 
clear way. That is why this introduction is no more than a short explanatory 
commentary on the original text here presented. The reader is assumed to be 
familiar with nautical terminology. Nevertheless it is necessary to make a few 
preliminary remarks, in order to point out certain differences in character between 
The Haven-Finding Art and The Sailings. 

The Haven-Finding Art was intended for sailors, and the author hoped that 
the practice of navigation roight at once reap benefit from the method dis
covered by him, for which reason it was published in a separate booklet; it 
included an urgent entreaty ~ .backed by Prince Maurice - to test its value 
at sea. The publication of translations of the 'work testify to Stevin's desire 
that seamen of other nationalities might also profit by it. The treatiseon T he 
Sailings, on the other hand, is a theoretical discussion of a subject belongingto the 
practice of navigation indeed, but not one· which formed a daily concern of 
seamen' sailing in European waters. In this work Stevin deals with problems 
which had so far been studied by just a few pioneers of nautical sèience abroad, 
a study which had been induced by the'" fact that seamen who had made ocean~ 
voyages had been confronted with these problems in practice and had been unable 
to solve them. This treatise ·drew the attention of the Dutch to a subject which 
was of fairly recent date. In 1534 Nunes had' taken it up, and Mercator and 
Edward W right had continued the work. With the aid of their publications - not 
forgetting those of Apian - Stevin had studied' the subject, upon which he con
tinued the ~ork of his predecessors, makinguse Of their writings and calculations; 

Here another point of difference between the two treatises becomes apparent. 
It was possible to speak of a personal conception and an original work of Stevin 
in the case of the description of terrestrial magnetism given in The Haven-Finding 
Art and the profitable use that could be made of the declination of the magnetic 
needie. The Sailings on the contrary is no originalwork, as the labour of the 
pioneers forms the starting-point and the backbone of this treatise. The author, 
however, managed to produce a systematic, well-arranged and complete summary, 
of the subject, cast in a clever and instructive form. It is the presentation of the 
matter that we are entitled to call Stevin's own conception. 

Another difference between the two works consists in the language in which 
Stevin addresses the reader. That of The Haven-Finding Art was simpie, and the 
seaman of 1600 could easily' follow the argument if he wished t~. ForThe 
Sailings this holds only in so far as the application of spherical geometry and the 
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solution of problems by means of measurements on the globe are concerned. But 
the subject-matter was beyond the mental range of the contemporary seaman as 
soon as Stevin began to deal with spherical trigonometry or to solve problems 
mathematically. In those cases it was only the mathematically trained reader who 
could follow him. This is the reason why The Sai/ings was not of direct use to 
navigation at the time of its appearance. It was not until much later and very 
gradually that this knowledge reached the seaman through the textbooks of navi
gation and that Stevin's work became of use to practice at sea. 

As the "Summary of the Sailings" states, this treatise forms part of Stevin's 
Hydrography. It comprises four definitions, followed byeleven propositions, of 
which two relate to the great-circle track and nine to the loxodrome. At the end 
there is an "Appendix" on loxodromes. 

The first definition says that a "zeylstreeck" is the line. which ships describe 
when they are sailing, i.e. the line a ship follows. The name is identical with the 
term "sailing track", which is now used to indicate the extended fore-and-aft line. 
In the special case of steering due east or west Stevin speaks of "oost en·· west 
streeck" (east and west track). Courses pertaining to other directions bear different 
names. 

The second definition concerns the great-circle track, called "rechte streeck" 
(straight track) by Stevin and definedas the shortest distance between two points 
on the globe. To those who wonder that arcs are called "straight tracks", he 
says that one may speak of straightness because these lines do not deviate either 
to the right or to the left. In present-day terminology he wouldhave said that the 
great circle on the sphere corresponds to a straight line in a plane, in contrast to the 
"cromme streken" (curved tracks), which are defined in the third definition. 

Stevin explicitly exc1udes the equator and the meridians from the "cromstreken:'. 
Why he does so, will be explained presently. He defines the "cromstreeck" as the 
lin~described by a ship steering a coq,stant course. This line is now called a 
loxodrome, and this term will be used henceforth. Stevin compares the loxodrome 
and the greatcircle. A ship when moving along the former follows a constant 
course, when sailing along the latter a variabie course. Nowadays we say that 
the loxodrome is a line on the earth's surface which cuts all the meridians at a 
constant angle. This line does not lie in a plane and accordingly is a curve of double 
curvature. Loxodromes pass round the earth, through higher and higher latitudes; 
they never reach the pole, for then they would have to run towards the north, 
which is contrary to the definition. Stevin speaks of "J!angstreketfJ and in the 
margin of "spirales". Although the equator and the meridians are curves on 
which the course is constant, so that by the definition they are loxodromes, yet 
they are great circles and do lie in aplane, which is the reason why Stevin does 
not include them among the "cromstreken". He is addressing the navigator directly 
when he gives the advice to become thoroughly familiar with the character of 
these curves and in cases of uncertainty in the position not to attribute errors too 
readily to the influence of unknown ocean-currents. 

In the fourth definition the loxodromes N. by E., N.N.E., etc., are denominated 
1 to 8. The last-mentioned one is the course east, falling along the parallel. In the 
four .quadrants the loxodromes have the same form four and four, such as N. by 
E., N. by W., S. by E., and S. by W., etc. Whatever holds for one out ofa 
group, applies equally to the corresponding loxodrome in· ariother group. . 
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The definitions are followed by the proposlt1ons. Inthe firstof these, two 
points in a given latitude and longitude are assumed on the earth's surface. With 
the pole these points form aspherical triangle.Of this triangle the six elements 
are mentioned, while it is ,stated that if three of them are known, the other three 
can'be found. As examples Stevin takes the determination of: 1) thedistance along 
the great circle between those two points; and 2) the angles between the 
great~circle and the meridians through the two places, in other, words: the 
course of the ship in the place of departure and that when she has reached her 
destination. The problem is solved with the aid of sphericaltrigonometry, for which 
Stevin refers to the 40th proposition on spherical triangles occurring in, his 
Trigonometry. 

The second proposition relates to great-circle sailing. It is taught in two differ
entways how the courses are determined which have to be steered to 'follow the 
great circle. The one method is "tuychwerckelick" (mechanical), i.e., by means of 
an instrument, in this case the globe; The other is mathematicaL According to 
the first-mentioned method the place' of departure is soughton the globe" af ter 
which this plac~ is brought in the zenith by rotation of the globe in its stand. 
The 'desired course of departure is read on the horizon between the meridian 
through the place of departure and a pivoting vertical circle set over the place 
of destination: Use is thus made of a property of the poles of great-circles, viz. 
that the angle between two great-circles is ,measured by' an arc of a great-circle, a 
pok of which is the point of intersection of these great-circles. As is evident 
from this, the reader is required to have some knowledge of spherical ,geometry. 
The course found is' then followed a certain distanee - Stevin speaks of 3 or 4 
"trappen" (degrees), i.e. '180 to 240 nautical miles - upon which in the position 
thus reached the course is again determined in the same way. Stevin points to the 
change in the course which comes to light if one proceeds in this way, and to the 
fact that the displacements of the ship each time take place along a loxodrome. By 
taking the displacements small, one avoids inaccuracy. It can be checkedwhether 
the ship' is still on the great-circles, as' she should' be, by a determination of the 
latitude from observation of the sun or the stars. 

For the mathematical solution of the problem the reader is again referred to the 
treatise on spherical triangles. IE the spherical triangle in question is oblique"angled, 
the 40th proposition' mentioned above can again be applied, but the object can 
also be attained by making use of right-angled spherical triangles, which is less 
difficult. Each time, af ter a given displacement of the ship, the course is deter
mined again. IE the change in the course is found to be small, the displacements 
can be taken larger. 

In the third proposition Stevin proceeds to deal with the loxodrome. First he 
discusses the drawing of it on the globe. As one of the aids with which this can 
be done, a simple instrument is mentioned, a copper model of the loxodrome 
fitting on the globe, the idea of which - as Stevin states - had been borrowed 
from the globe-makers. It is clearly described ,how such, modelsare made for 
each track, i.e. seven in all, andalso how the loxodromesare drawn on the globe, 
from degree to degree of difference of longitude, with the aid Of the models. 
It is mentioned, that in theory the loxodrome cannot reach the pole, though in 
drawing it seems to do so. But then, drawing does not furnish an accurate result. 

With the aid of rnathematically ca1culated tables the determination of the shapes 
of the loxodromes can take place more accurately than by the method- described 
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above. To make it. possible to construct a complete table of loxodrom6, the 
latitude has to be determined of the points of intersection of seven loxodromes 
with the meridians, at differences of longitude of one degree. 

Stevin describes two methods by which the object can be attained. 
The first of these methods is the result of calculation. In small right-angled 

spherical triàngles, the base of which is one degree of the equator or one degree of a 
parallel, the hypotenuse is a loxodrome, and' the perpendicular side is a part of 
the meridian, the length of this part of the meridian is calculated each time. For 
this calculation Stevin again refers to his Trigonometry, viz. to the 36th propo
sition concerning spherical triangles. (The reader will be weIl· aware of the fact 
that the above mentioned triangles are not spherical, as two of the sides are not 
great-circles.) The result of the calculations are added together. The bases of these 
triangles arerequired to be known. This is thè case, for Stevin has at his disposal 
a table in which the length of one degree of the parallel in a given latitude is 
expressed in minutes of the equator. It is the table of the "achtste cromstreeck" 
(eighth loxodrome), occuring on pp. 138/9, af ter the "Tafels der cromstreken" 
(Tables of Loxodromes). It corresponds to the present-day table for the reduction 
of th~ difference of longitude to the departure (dep; = ti L . cos b), with the 
only difference that in Stevin's table the interval is 30', whilst in the modern 
table the interval is 10 and decreases to. 10' as the latitude increases~ . 

When at the end of the fourth proposition Stevin explains the table of the 
eighth loxodrome, he says he has taken it without any modifications from the 
Cosmographia 1) of Peter Apian (Petrus Apianus, 1495~1552) 2). The table 
in question is already to be found in the first edition - of 1524 - of this author's 
widely distributed and well-known book (Book I, pp. 42-43). Apart from a few 
differences, to be ascribed to printer's errors on both sides, it appears to have been 
copied faithfully in its entirety from Apian, including the numbers indicating 
the decrease of the length of the degree of the parallel, from 30' to 30' difference 
of latitude, expressed in secohds. It is most likely that Stevin used a late six
teenth-century edition of the book for his purpose. The edition of 1524 is merely 
mentioned here to show that the table had existed long before this. 

Af ter thus having clearly explained how one is to proceed, Stevin says that it 
would have taken him too much time to construct in this way a complete table 
of loxodromes by calculation. He therefore merely pointed the way, without 
following it himself. Continuing his train of thought in the same direction, he 
might have pointed out that the numbers mentioned opened up the possibility of 
interpolation for the latitude, and that interpolation was necessary for the perfor
mance of the calculation of the table outlined by him, if accuracy was to be attained. 
But he omitted to do so. 

On the other hand he did take over the T able of Rum bes of the English 
mathematician and nautical expert Edward Wright (1558-1615). His candid 

1) Cosmographicus liber Petri Apiani mathematici studiose eolleetus (Landshut 1524). 
This book was particularly widely distributed. It was translated into many languages 
and passed through a great many reprints in the sixtenth and the early seventeenth 
century. . 
2) Peter Apian, whose real name was Benewitz or Bienewitz, born at Leisnig in 
Saxony, geographer and astronomer, from 1527 Professor of Mathematics at Ingolstadt. 
Maker' of maps and instruments, and famous as an observer of astronomical 
phenomena. 
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admission 'of this opens his explariation of the second method by which the table 
could be made. His source is Wright's Certaine Errors in Navigation 3), a book 
which had gained fame in England and had fiest appearèd in London in 1599, 
the very year in which Wright had translated Stevin's The Haven-Finding Art, 

. thus' making it known in his country. . 
Stevin took over tbe table without any modifications, notwithstanding the fact 

that he had found "some imperfection" in it. He sayshe will recurto his objections 
in the "Appendix". The explanation of its arrangement is preceded, by way of 
introduction, by the explanation of another tabie, viz. that of the "versaemde 

. snijlijnen" (assembledsecants), also copied by him from Wright. In the latter's 
work this table was called "Tabie for the true dividing of the meridians in the 
sea-chart". Stevin shows that it is produced by tbe constant addition of the secants 
of anglesincreasing by 10', as follows: . 
sec 10' 10,000,042 
sec 20' = 10,óoo,i68; the sum is 20,000,210 
sec 30' = 10,000,381; tbe sum is 30,000,591 

Af ter the performance of theadditions hè drops - without stating his reason 
for it - the last five digits, so that tbe numbers in the table correspond to a 
radius R = 100. This explanation is followed by the tabie, which thus gives the 
sum of the secants of angles from 0°10' to 89°50', the interval being 10'. 

Stevin says notbing about the meaning of these numbers. For the henefit of the 
reader it is here observed that in the Mercator chart the length of one minute of 
the meridian in a given latitude is equal to one minute of the equator multiplied 
by the secant of that latitude. That is why in that chart tbe distance from a given 
parallel to the equator is equal to one minute of the equator, multiplied by the 
sum of the secants of angles from 0° to that latitude, taken minute by minute. 
It is this sum of the secants - tbough' at an interval of 10' - which the table 
furnishes. It is thus essentially identical with our present-day table of meridional 
parts 4). The latter is no longer calculated by addition of the secants, but from 

the relation S sec rpdrp = mtg (45° +!E....). If wecompare the table publisned 
. 2 

by Stevin with the modern 'one; the values to he found in the latter have to he 
multiplied by 10. If weround oH the numbers to integers and disregard diHerences 
due 'to rounding oH, etc., the tables are seen to' agree up tolatitude 38°. Beyond 
that, Stevin's - or rather: Wright's,- values hecome greater. At 60° the difference 
is 0.3 minute of th~ equator and it increases to 2.8 minutes of the equator at 82°, 
where the modern table endshecause the practice of navigation requires no data 
for higher latitudes. The table in WrightJStevin goes as far as 89°50'" against 
which thenumber 226,223 is mentioned. . . . . 

Next comes the promised explanation of the second method by which· the table 
of the loxodromes can he constructed. The original text (p. 104, which refers to 
the figure on p. 95) can easily he followed. As. an instance, Stevin takes tbè· 

, 3) Certaine Errors in Navigation, arising either of the ordinarie errqneous making or usi~g of the 
sea chart, compasse, crosse staffe and tabies of declination of the sunne and fixed starres, deteeted 
and eorrected by Edward Wright (London 1599). Copies in the British Museum, London, 
and in the Bodleian Library, Oxford; not in the National Maritime Museum, Greenwich. 
4) Thé present-day definition is as follows: meridional parts for .any latitude is the 
length of a meridian, expanded on a Mercator chart, between the equator and th at 
parallel of latitude expressed in minutesof .arc of the equator. 
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determiÎ1ation' of thé latitudes of the points of intersection of the first loxodrome 
with the meridians at differences of longitude of 1 0, commencing at the equator. 
In theright-angled triangle, of whichthe base is an arc of one degree of the 
equatorand the hypotenuse is the first loxodrome (N. by E.) - a triangle which 
on account of its smallness is regarded as a plane triangle - the latitude of the 
point of intersection of the loxodrome with the meridian at lOof. longitude is 
calculated with theaid of the 4th proposition of plane trigonometry. It "is found" 
that this latitude is 5°1', and this value is induded in the tabie. In order to find 
the latitudes· of the subsequent points of· intersection, . Stevin now proceeds as 
follows. He takes the table of "assembled secants", seeks the meridional partsof 
5°1', and finds 3,014. This number is multiplied by two. Against 6,028 he f~nds 
10°0', which is the required latitude for a difference of longitude of 2°. Against 
3 X 3,014 he finds the latitude for the third point of intersection. We shall recur 
presently to the calculation of the first point of intersection. 

The instructions given by Stevin are indeed perfectly dear, but he does' not go 
into the essence of the matter, nor does he explain why the multiples in question 
have to be determined. However, this operation becomes dear if we transfer 
it to the Mercator chart. 

A B D g 

In. the above figure, which represents a section of a Mercator chart, AG is 
a part of the equator. The points A, B, D, and G are points of intersection with 
meridians, at intervals of one degree of longitude. The line Al is the first loxodrome. 
The latitude. of the point of intersection C was calculated mathematically by 
Stevin. The tableof "assembled secants" showed him how many minutes of the 
equator the distance BC amounts to. Now 6 CEF is congruent with 6 ABC. 
Consequently EF is as many minutes of the equator as Be. The distance DF in 
minutes of the equator is thus twice the meridional parts of Be. In the table it is 
looked up what isthe latitude corresponding to this number. Thus the latitude of 
F has been determined. The number is induded· in the tabIe. The congruence 
applies to all subsequent triangles. In each case, therefore, to find the latitude of 
a point of intersection, the meridional parts of BC have to beadded to those 
of the precedingpoint of intersection; in other words, the meridional parts of 

. each of the points of intersection form a multiple of the meridional parts of Be. 
. The use of the table of "assembled secants" was a strikingly ingenious idea. 

Thanks to this, it was possible to.reduce the extremely laborious calculation óf the 
shapes of the seven loxodromes to the simple performance of additions and the 
search of numbers in that tabie. Although Stevin condudes his argument rather 
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laconically with the.words "and so on with the restof the seven loxodromes", he 
cannot have failed to realize that the man who originally calculated the table of 
loxodromes performed an·enörmous amount of work and 'made an important 
contribution to the development of the art of navigation. In Stevin~s book the 
tabie· runs irito thirty pages, on each of. which the latittides of 120 points of 
intersection are given. Stevin wasconvinced thàtit would advante both science 
and cartography. In' fact, he emphatically stat6 th at it has now become possible 
to draw the 'loxodromes with' great accuracy on globes and to check their shapes 
in sea-charts (p, 140); from ·these words we may infer Stevin's opinion about 
Wfight's work, viz. thaf he had achieved his <?bject. Irideed, the latter had written 
(page F-2): "the speciall useof this tableisfor ~ the true drawing of the rumbes 
in the globè and theehart" . Wright had gone no further than the calculation of 
the points of intersection in question. It was Stevin who made thenext move, thus 
bringing the matter into the nautical sp here, where science is applied inpractice . 

. In his discussion Steviri includes the distanee run by the ship. He explains how 
with theaid of trigonometry the distance along the loxodrome from one point 
of intersèction to the next can be calculated. He perfonns this calculation. only 
for a very few cases; viz. those which he requires in instanees to be dealt with 
later on. The fact that in his opinion Wright's table was still insufficiently accurate 
-this is the second ·reference to.such inaccuracy -'- deterred him from completing 
this calculation .. Moreover, he states that· he was hindered from doing. so by 
other matters, just as he didbefore: 'Thus unfortunately this part· of the work 
remainedincomplete from the .. nautical point of view. Stevin merely. pointed the 
way. Those havinga mind and au opportunity for it mightcomplete the table in 
this·respecf with the aid of the example. 

Next the construction of the table of theeighth loxodrome is explained. In 
our modern, simplenotation it is based on the formula: one degree óf the parallel 
in latitude·b is equal to one degree of the equator .multiplied by the eosine of b 
(1 ° par. in latitudeb.= 1 ° eq. X cos b.). 

At the end of the fourthproposition Stevin refers again to·the "mechanical" 
method: It may be convenient to have at one's disposal á. .number ofmode1s of 
loxodromes, made of copper. They could be shaped to' correspohd to the 
loxodromes drawn on a globe. Twice seven such models in all were required. 

The reader may have. wonde red why Stevin reckoned with seven loxodromes, 
i.e. with a division of the quadrant intoeight parts - corresponding to 
the . divisiori of .thecompass rose- instead of with a difference in the course 
of less than one point or. 11 °15'. The answer lies in the field of the practice 
of sailing: The ships of the time, being small .in size, weredifficult to steer. 
They. used to yaw· violently and were veryunsteadyand restless at sea. To 
be able to steer them with an accuracy to within one point was a reasonable result. 
A smaller subdivision. was senseless. Even small 'modern sailing eraft· and yaehts, 
which sail much better and are more manageable than the unwieldy shipsof 
Stevin's day, viill do hardly better than' this. In consequerice the navigator will 
usually steer on full points and seldom on half points. It is obvious that if the 
ship is· steered on full. points, the trueeourse deduced. from. theeompass course 
need not fall on a full point. 

We are now eoming baek to the passage in whieh Stevin states that' for the 
point of intersection of the first loxodrome with the meridian. at1~ of longitud~ 
he "has found" a latitude of 5°1', in whieh latitude he found 3,014 for ihe 
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meridional parts; he continued his explanation with this value. Stated in this way, 
his words produce the impression that he calculated this value for himself. This, 
however, is to be doubted, as may be demonstrated by the folIowing. 

What were the directions. given by Wright in this respect? The following 
passage is to be found in his book (page F verso), where he is referring to his 
"Tabie of rumbes", the "Tabie for the true dividing of the meridians in the sea 
chart", and to the construction of the former of these tables: 

"This table of rumbes is most easily made by addition only with helpe of the 
table before mentioned shewing how. the meridians or degrees of latitude in the 
nauticall planisphere are to be divided, af ter this manner. Multiplie the tangens of 
the angle that the rumb maketI1 with the equinoctial by 60, the product shall 
be the first number at the beginning of each table of each rumbe, to bee set over 
against one degree of longitude 5), and all the rest are found by perpetualI 
addition of this number, first to it selfe - for the sunune is the number answerable 
to two degrees of longitude - then to this sunune, and so forth in all the rest. 
These numbers being found out in the tablé before mentioned did shew at what 
minute of latitude each rumbe should crosse the meridian for every degree of· 
longitude ... which being once found, these numbers serve to no further use." 

As was the custom in those days, these directions omit to account for the rules 
given. For the present.day reader this forms no difficulty. He wiIl understand the 
words and consider their import correct. In fact, the latitude of the first point of 
intersection is calcu1ated in the Mercator chart - i.e. in a flat surface - and is 
expressed in minutes' of the equator. It is of this product that the inultiples are 
taken, upon which the latitudes corresponding to "these numbers" are sought 
in the Table of meridional parts; and these are the values which have to be 
included in the tabie. Still, the mIe cannot be said to he formulated very clearly, 
and it certainly has to be called obscure for the reader of 1600, who was being 
confronted with a new subject. This reader was bound toexpect that the operation 
would take place in a spherical triangle, and he therefore ought to have been 
told that it was carried out in a plane triangle. The words "the product shall 
be the first number ... " were likely to mislead him. It is true that the last sentence 
of W right' sargurnent, which is correct, could cure him of his error; but it is 
justifiabie to speak of a lack of clearness in the text, since for the reader it was 
hard to realize that "these numbers" also refers to "the first number". 

When we now read the corresponding passage in Stevin on p. 535, which refers 
to the figure on p. 522, we find that Stevin takes as starting·point the spherical 
triangle XRQ, which he treats as aplane triangle; "on account of the smallness 
of the .sides". The side Q X, or the latitude of the first point of intersection, can 
be found with the aid of the fourth proposition of plane triangles, to the effect 
that the side' subtending the known acute angle - in this case a part;· of thè 
meridian - is equal to thebase rnultiplied by the tangent of this known acute 
angIe. 

It appears that Stevin bas not fully grasped Wright's argument. Possibly he wàs. 
misled by the insufficient clearness of the text. It was amistake for' him to speak 
of a spherical triangIe. He faiIed to notice that he was. operating with aplane 

5) The meaning is: place this number in thé tabie, for the latitude of the first point 
of intersection, against. lOof difference of longitude. 
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triangle. Wright's calculation yields the meridional parts of the latitude of the 
first point of intersection, at the same time the basis for the further operations. 
If Stevin had understood the directions, he would have had to cipher as follows: 

meridional parts b = 60· X tg 78°45' = 60 X 5.02734 = 
301.64 min. of the equator = 
3,016.4 units of the tabie. 

His owndirections in the form of a formula are: 
a) measured in degrees: latitude b = 1 ° eq. X tg 78°45' = 

1 ° eq. X 5.02734 = 5°.02734 = 
5°1'38". 

b) measured in units of the tabie: latitude b = 60 X tg 78°45' = 3,016.4. 
We have.seen that he made nó use of the answer 3,016; nor of 5°1'38", although 

it is certain that he knew the latter value, because we mëet with it in his criticism 
of Wright, on p .. 581 of the Appendix. The latitude of 5°1', "found" by ~, 
virtually springs from nowhere, and it has te, be assumed that he took it from 
Wright's table (p. 537 of· our edition), and looked up thecorresponding 
number: 3,014. . 

Stevin's text in some places is incoherent.· He understood the operation 
imperfectly and made the mistake of regarding as latitude the value which really 
stood for the meridional parts of it. In consequence his directions were incorrect. 
When we consider this mistakè in connection with the imperfections in Wright's 
text, it becomes evident how difficult it was to attain to the right understanding, 
although in our eyes it is quite simpie. And if Stevin can he said not to have 
clearly realized the possibilities of the Mercator chart fifty years af ter its appear
ance, it is all the less surprising that more than a century had to elapse before 
this chart with its queer distortion was generally accepted by sailors. 

The next seven propositions concern problems which are now called sailing 
cproblems. They form· the. application of the previously discussed theory and an 
exercise for the student. In each case, a number of elements being known, certain 

. unknowns have to be determined. For all of them Stevin giv<7 three methods of 
solution, viz. one with the aid of the copper models of the loxodromes, one 
by meansof the loxodromes drawn on the globe, and finally the arithmetical 
method making use of the tables. The text does not call for any further comment. 
The last-mentioned method was not yet suitable for practical application, since 
the table was incomplete owing to the absence of one element: the distance. 
Because Stevin's· comprehensive and scientific hook in two bulky volumes, of 
which the treatise on the sailings formed only a modest part, decidedly did not 
come under the eyes of the practical seaman, the latter derived no benefit from 
it. No textbook of navigation that was destined for this purpose and contained 
this information was yet available at that time. 

It is onlywith regard to the problem discussed in the fifth proposition that two 
remarks have to be m,ade. Here it is required to determine the distance between 
two places situated in latitude 24°; their difference of longitude being 30°. It is 
correctly calculated that the distance measured along the parallel - we should 
now say: the departure - must be 27°24'. But since the circumference. of the 
earth .was still unknown, 27°24' could not be expressed in alinear measure; In 
this connection Stevin speaks of a variety of miles which are in use· in different 
countries. Miles of different length give different results. In thi~ respect Stevin 
could not do otherwise than follow the opinion of many people, viz. that a degree 
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was equivalent to ·18 hours' walk, at 8,000 paces anhour. An ·hour's walk also 
used to be equated to 1,500 Rhineland roods, which makes a pace equivalent to 
214 Rhinelandfeet. The author advises navigators - in the apparent belief that he 
wiU be read by them. af ter all - to keep to the result expressed in· degrees and 
minutes, so as to understand one another properly. 

In the second place it has to be pointed out that at the end of this proposition 
(p. 553) Stevin mentions the possibility of the application of interpolation in 
using the table of the eighth loxodrome. 

As announced by Stevin at the beginning, the treatise ends with an "Appendix". 
This consists of five chapters, in each of which a particular point is dealt with. 
In the main thisamounts to a criticism of the works of Nunes and Wright, the 
very authors who had formed his· sources and the contents of ",hose works 
constitute the gist of his treatise. In the Appendix he colIects his remarks and 
objections .. 

In the first chapter Stevin points out that the method of numbering the 
loxodromes is not always the same. Thus Hues 6) reckons from the meridian, 
calling N. by E. the first loxodrome,whereas Wright commences at the equator, 
referring to E. by N. as the first loxodrome. Stevin advocates uniformity in this 
respect and explains· why it is preferabie . to reckon the loxodromes from the 
meridian rather than from the equator. To him the first way is the naturalorder, 
with the "east and west track" or "eighth loxodrome" also classed with the 
loxodromes, as it ought to beo Ouring the further development of the subject 
this system was found to be sound and efficient. W right abandoned his own 
system. 

In the second chapter of the Appendix a remark is made about Nunes 
(1492-1577) and his treatise on the shapes and the properties of the loxodromes. 
Stevin disprovesa proposition given by Nunes. We shall revert to this criticism 
in § 2. 

As appears from the titIe, the third chapter treats of inaccuracies in Wright's 
table of loxodromes. The English, who began to engage in deep-sea navigation 
af ter the Portuguese and. the Spaniards, also proceeded to study the loxodromes 
and discovered the mistake made by Nunes. Then Wright's tables were published, 
which in Stevin's opinion marked a big stride forward. To check them, he made 
a random test. He figured out the shape of the fourth loxodrome - the fourth 
involved the smallest amount of figure-work for him - by the method based 
on spherical trigonometry, described by him in the fourth proposition. He found 
the point of intersection of this loxodrome with the meridian of 78° to be in 
latitUde 61°26', whilst in Wright's table he found 61°14', a difference of 
"only 12'''. He had reason to think that his result was slightly too high, sa that 
he could "assume" - as he says - that the tables in question were "rather 
accurate" . 

As to this difference of 12', or slightly less, it may be observed that the 
correct value· is 61°14'52", sa that the value in Wright's table appears to be 

6) Robert Hues (1553-1632) accompanied Thomas Cavendish on his voyage round the 
world (1586-1588). He was a mathematician and a geographer. Like Hariot and .some 
others, he was patronized hy the Earl of Northumberland; he is known in particular 
for his book Tractatus de globis et eorum usu (London 1593), of which an edition appeared 
at Leiden in 1594. 
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sufficiently accurate. The difference had arisen because the intervals taken by him 
in the calculation - i.e. 30', in the table of the eighth loxodrome ~ were too 
great. Stevin' s procedure. consequently was unsound, and so in our opinion was 
his criticism. . 

Again Stevin says he had no time to· pursue his verification any further. He 
cannot yet call the table quite perfect, and to justify this statement he. derives 
a proposition with which he had found the numbers not to be in agreement. The 
operation, which is givenon pp. 577 - 583, can be described more simply as follows 
(See the figure on p. 576 of our edition). 

A loxodrome EI - the first is meant -commencing at the equator, cuts 
some meridians at differences of longitude of one degree in the points K, L, and 
M. Through these points are drawn· parallels, which cut the meridians in N, Pi 
and Q. NPQ is again a first loxodrome. K lies in latitude bv L in latitude b2 • 

The difference of latitude between K and P is called6. bl , that between Land Q, 
6. b2 · Because they have very "small sides", Stevin takes the triangles NKP and 
PLQ approximately as plane similar triangles and writes: 

KP: LQ = NK: PL, or 

6. bl : 6. b2 = 1 ° eq. cos bl : 1 ° eq. cos b2 

6. hl _ cos bl _ sec h2 

6. b2 - cos b2 - sec bl 

Now that this proportion is known and its correctness has been proved, he is 
going to perform the verification announced by him. He chooses the first loxo
drome and will calculate the latitudes of the points of intersection with the lst and 
2nd meridian, i.e. FK and GL. He does so by two different methods, which are 
here described as methods A and B. 
(A) Stevin takes the spherical triangle KFB, which to begin with he regards 
as a plane triangle. Next, by meáns of his method explained in the fourth propo
sition (p. 535), he calculates the latitude of the first point of intersection, finding 
5°1'38", a value already referred t~. In accordance with the above proposition NO 
becomes 5°0'28", and thus GL becomes the sum of these values, or 10°2'6", which 
latitude he says he also finds when ciphering according to the first procedure of 
the 4th proposition, viz. the stepwise calculation. Incidentally it may be remarked 
that it involved inaccuracy because Stevin was not yet able to make sufficient 
allowance for the gradual decrease of the eosine of the latitude. 
(B) Subsequently determining GL by making use of the "tabie of assembied 
secants", he finds a different value, in the following way. The meridional parts 
of 5°1'38" amount to 3,020; this number, multiplied by 2, gives 6,040, which 
stands for the meridional parts of 10°1', a value which is thus found to be 
1'16" less than the value obtained by method A. He thus thinks he has detected 
an inaccuracy, and states that the difference in question will become greater as the 
operation proceeds. 

If he regarded the triangle KFB as a spherical instead of a plane triangle, and 
then calculated KP, he found 5°0'51" 7), or 47" less than the first result, which 
was at least slightly better. This difference again, though small at first, increases 

7) see: next page. 
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as tbe calculation proceeds. Stevin maintains his criticism. 
This criticism, however, was not justifiable. Again we find him making tbe 

mistake pointed out above: he took for latitude what were meridional parts. In 
fact, he should have used 3,016 as meridional parts; in that case he would have 
found the corresponding latitude tobe 5°1'.2. This value of 3.016, multiplied by 2, 
makes 6,032, the corresponding latitude heing 10°0'.1. Wright gives 5°1'. and 
10°0' respectively in his tabie, so that he was right.. 

In the fourth chapter Stevin states that the proportion referred to above niay 
serve to construct a re1iable tabie. The interval of longitude. is discussed. If the 
interval of 1° is found too grea~, .the calculation may be performed. with 15' or 
even 10'. But it is doubtful whether tbe gain in accuracy justifies the additional 
work. The table of the eighth loxodrome too would have to he calculated for an 
interval of 1'. Stevin actually seems to have considered this desirability. If he had 
taken this work jn hand himself, some passages ofhis treatise would have been 
different and he would not have reached his present condusioris. 

The fifth and last' chapter deals with a proposal for an improvement of the 
mariner's compass. This is a purely technical matter, while all tbe other subjects 
formed part of the theory of navigation. Some people wanted to replace the 
usual division of therose into 32 points by one into 64 parts, altbough others 
thought tbat such small angular differences in the clivision of tbe rose could not 
he read at sea. But Prince Maurice, af ter having reflected about the matter of 
accurate steering, had proposed a division into degrees, even into fractions of 
degrees, provided the compass were large enough in size and were made witb 
great care. The Prince was not aware - nor could he have been - what con
sequences the use of a large, and consequently heavy, needie entailed: increased 
friction between the pivot and tbe cap on which the rose is supported, resulting 
in unsteadiness of the rose. In the fiest example a compass is descrihed the needie 
of which can be moved in relation to the rose, for tbe adjustment of the variation. 
A description is also given of tbe way in which the compass can he mounted 
accuratelyon board . 

. In the second place it is proposed not to make use of a compass-rose to which, 
as usual, a double magnet in tbe form of a rhomb had been attached, but to omit 
the rose and to equip the compass with one magnetic needle. The. round bowl 
was then provided with a division into degrees on the inside. In such a compass 
the words East and West have to change places. Thespecial diffiçulties which this 
apparatus involved in practice with regard to the indication and the reading of 
courses is dearly descrihed in the text. On such a compass it was also possible 
to steer true courses. The compass bowl then had to he mounted pivotally on a 
small pin, so that the lubber line might he made to diverge as many degrees. from 
the longitudinal axis ofthe ship as tbe variation amounted t~. 

7) This value is correct and is found as the re sult of one of the fomlUlas for the right
angled spherical triangle: tg b = tg E sin .6.L or tg b = tg 78°45' sin 1°, 
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§2 

STEVIN'S PREDECESSORS: 
A~IAN,.NUNES,MERCATOR, AND WRIGHT 

In response toquestions which had come up from the practice of navigation, 
Pedró Nunés (1492~1577) 8), the learned Portuguese astronomer, niathematician, 
and nautical expert, in 1534 proceeded to study the line on the earth's surface 
which is described by ships steering a constant course, i.e. the line cutting. the 
meridians at a constant àngle. By drawing such lines on a' globe he succeeded in 
appreciating their .shape. He found them to be complicated incharacter. A few 
years later, in his Tratado em defensam da carta 'de marear of 1537, he gave a 
definition and description ·of these lines, which· he, called "linhas dos rIlmos" 9). 
On p. 143 he states: "The rhumb lines are not circles, but irregular curves, which 
wil! make equal .angles with all the meridians which they cut" 10). The author 
in this treatise brings out the difference between sailing on this line and' on a 
great-circle. At first Nunes thought that these lines met at the pole, but läter he 
retracted this statement. In 1566 he published a Latin. 'versionof his treatise about 
the sea-chart, in a more detailed and elaborated form, as part ofa longer work, 
which appeared under the title Opera 11 ). In this it is aescribed :- with figures 
to illustrate the matter - how the loxodromes are drawn on the globe by 
mechanical meins. The aid which Nunes made useof was a flexible model 
(qlladrtinte . esféric"o flexivel) for each· of the ëight "rllmos" , with which to 
determine the points ofintersection with meridüms, at equal differepces of 
longitude. Although on a globe of a relatlvely s~l size tllis procedure was 
defective, . so that the line drawn was liable to errors, yet it formed the starting
,point for later knowlèdge about the loxodrome. A second Latin edition of the 
treatise on the sea-chart is included in thè great work of Nunes: De arte atque ratione 
navigandi (Coimbra 1573). In Cap .. 26, under the title Propositllm globllm rumbis 
deliniare. (p. 116), the model is illustrated once more and its use is clearly describe& 

Nunes ascribed a particular property to the loxodrome, viz. that·the sines of the 
polar distances of the points of intersection with meridians at equal differences 
of longitude form a continued proportion. Itis this statement which Stevin refutes 
in the second chapter of the Appendix, making use of the proposition he had 

8) Nunes, fr om 1529 onwards cosmographer to King Emanuel of Portugal, Professor 
of mathematics at Coimbra University, founder 'of scientific navigation. 
9) This treatise, together with another treatise and the trans lat ion of the famous 
work of Sacrobosco, forms the Tratado da Sphera of Pedro Nunes, published in 1537 
at Lisbon. Thiswork was published in facsimile in 1915 by J. Bensáude. 
10) Nam serem os rumos circulos, mas linhas curvas irregulares; que vam fazendo com todo los 
meridianos que passamos angulos iguales. . 
11) A. Fontoura da Costa in his A marinharia dos descobrimentos (Lisbon I933)says 
(p. 423) that some authors assume an earlier edition of this work appeared in 1546 
at Coimbra. Thus, already Röding in his Allgemeines Wärterbuch der Marine (Ham
burg 1794) mentions such an edit ion. But Luciano Pereira da Silva, who described the 
works of Nunes (As Obras de Pedro Nunes. Sua crcn·Jlogia bibliográ.fica. Coimbra 1915), 
denies·that such an edition ever existed. ' 
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derived in the third chapter. By calculation he shows the unsoundness of Nunes' 
belief. It is striking that he does so in a cautious and gentle way, and by no 
means in the form of a rep roof. 

Stevin's respect for the pioneer in this field is reflected in these words. At the 
same time it becomes evident that Stevin, when undertaking to study a new subject, 
goes back to the source. The, existenèe of this source was previously known also 
to Robert Hues, who in his Traetatus de globis eoelesti et terrestri eorumque usu 
(London 1594) in the chapter devoted to the drawing of loxodromes on the globe 
and to the use of these lines says: lnventio haee & eonsideratiodelineandi rumbos 
in globo aliquanto est antiquior. Petrus Nonius Lusitanus multa de his in duobus 
lib. quos de navigandi ratione eonseriPsit. M,ereator etiam in suis Globis eas 
expressit 12). 

To Nunes is due thecredit of having raised the art of finding one's way across 
the ocean - an art which had existed for many centuries before his day- to 
the rank of a science. Thanks to his work and studies, in Portugal agreat height 
was attained, greater thari anywhere else in the sixteenth century. At the same 
time his work concluded an era in the history of the art of navigation in Portugal. 
The work of the Portuguese was continued ,in Flanders, in the first place by 
Gerhard Mercator (1512-1594) 13). 

Mercator is known to have made a terrestrial globe which carries the date of 
1541 as the year in which it appeared 14). Many compass-roses divided into 
points appear on it. These directions have been extended so 'as to form a network 
of loxodromes. Those who studied and described the globe) called this network 
accurate and admired Mercator's skill in drawing it. 

An achievement of unprecedented importanee for the art of navigation, owing to 
which Mercator's name will always be honourably mentioned in the history of 
navigation, was the compilationof his world-map destined for use at sea. It 
appeared in 1569. The network of meridians. and parallels had been designed 
in such a way that the loxodromes appeared in it as straight Hnes. Meridians and 
parallels are straight lines as well. It is this chart which is known as the Mercator 
chart, sometimes less properly called the chart on Mercator's projection. It contains 
a great many legends in Latin. In one of them the requirements which the chart 
has to satisfy are enumerated. Mercator says: "It is for these reasons that we 
have progressively increased the degrees of latitude towards each pole in proportion 
to the lengthening of the parallels with reference to the equator. Thanks to this, 
device we have obtained that ... no trace will anywhere be found of any of those 
errors which necessarily be encountered on the ordinary charts of shipmasters, 
errors of all sorts, particularly in high latitudes" 15). 

It is not known by what method Mercator constructed the network of his chart. 
He himself has not disclosed this inany posthumous work. The idea that he 

12) "This invention and .idea of drawing rhumb lines on a globe is rather old. Petrus 
Nonius from Portugal speaks repeatedly about it in the two books, he has written on 
the subject of navigation; Mercator, too, has represented them on his globes." 
13) Gerhard ,Mercator (or Kremer), a Flemish cartographer, nautical expert, maker of 
instruments, globes, andatIases at Louvain, later Duisburg. ' 
14) A specimen of it is to be found in the National Maritime Museum, Greenwich. 
16) The English translation of all the Latin legends on the chart is to be found in The 
Hydrographic Review, Vol. IX-2 (19.32). 
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achieved it by mathematical means bas to be rejected;' probably it has to be assumed 
that he did it by a graphical method, viz. by transferring the points of inter
section of loxodromes and meridians, constructed on the globe, to the . system 
ofmeridians in thechart 16). 

It is to be noted incidentally that although this chart was destined for use at 
sea, in spite of its useful indications it was not yet very suitable. for this purpose. 
Indeed, tbe seaman has greater need' of detailed charts of limited regions than 
of a chartcomprising all the oceans of the world. Much time had to elapse and 
a good deal of opposition had to be overcome before the seaman realized the 
importance of the system on which tbe chart is based and used it regularly at sea. 
CIaes HeyndericksGietermaker (1621-1669), writer of the widely used Dutch 
textbook 't VergulJen licht der zeevaert' (The Golden Light of Navigation) of 
1660, put his finger on the sore spot by ascribing the seaman's failure to 
promptly adopt improved methods to "inveterate habit, and it is said there is 
nothing more powerful than habit". In the eighteenth century the octant, which 
yet made for much greater accuracy in the measurement. of the altitude of celestial 
bodiès, met with no better reception. Seamen are conservative, or at any' rate they 
tend to ding to theold familiar ways and methods. 

The important problem of determining the distances of the plltallels from the 
equator, as measured in tbe Mercator chart, was transferred to the mathematical 
sphere by two English nautical experts of great fame, viz.· Thomas Hariot 
(1560-1621; the name is iiOmetimes spelled Harriot) and Edward Wiight 
(1558-1615). In the legend from the Mercator chart quoted above, Mercator 
states thathe had increased the degrees of latitude in the same proportion in which 
the parallels in his chart· have been lengthened, i.e. in proportion to the secant 
of their latitude; These words fomi the. basis óf the calculations undertaken by 
Hariot and W right. 

Ofthe fornier a mànuscript has been preserved which bears the title: The 
Doctrine ofNauticall Triangles Compendious 17). It dates from before 1596, in all 
probability from 1594. Tbe bulk of this work is formed by a Canon nallticlls, 
being a "tabie of meridional parts", from minute to minute, calculated 
by constant addition of the secants from one minute to the next. Hariot had 
based these calculations on the table of CIavius (1537-1612) 18), dating from 
1586, which contained the values of the sine, the tangent, and thesecant for 
every minute andto seven places of decimals, as weshould now say. Hariot's 
work was original, for he constructed his table before W right, but no writings of 
Hariot have been published, nor was the manuscript in question printed. Thus 
the credit· of having been the first to construct such a table is indeed due to 

18) This is the conclusion reached by D. Gernez in a paper entitled "Quel procédé 
Mercator· emPloya pour. tracer Ie canevas de sa carte de 1569 à l'usage des marins?" 
published in the Communications of the Académie de Marine de Belgique, Tome I, 
1936-37. In this paper the writer reviews the numerous hypotheses about this matter 
and gives his own opinion. 
17) The manuscript was described by Prof. Eva G. R. Taylor in The Journalof the 
Institute of Navigation, Vol. VI, 1953,' p. 131. For Hariot, reference mayalso be 
made to her baak The Mathematical Practitioners, Cambridge 1954. 
18) Clavius, whose rea! nàme was' Christoph Schlüssel, a Jesuit and a teacher of 
mathematics in Rome as well as Vatican astronomer, was one of the most diligent 
commentators on Sacrobosco. 
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Hariot, but since his Canon was not published, neither science nor navigation 
benefited by bis work. . 

_ It is quite a different matter with W right. He, too, calculated a tabie, which is 
known from the textbook by Thomas Blundevile (1560-1602), entitled: His 
Exercises, containing sixe treatises . .. to be read and learned of all young gentle
men (London 1594). This book was used and esteemed for fifty years, by the 

. educated reader rather than by the simple seaman learning his trade. The treatise 
devoted to navigation comprises a chapter on the sea-chart, in- whichCortes and 
Coignet are quoted and the loxodrome is illustrated and described. At the end 
there is a reference to Mercator and his worldmap with its increasing distances 
between the parallels. How this increase was brought about, "by what rule I 
knowe not", says Blundevile, "uniesse it be by such a Table as my friende M. 
Wright of Caius Colledge.in Cambridge at my request sent me (I thanke him) 
not long since for that purpose, which Tabie, with his consent, I have here 
plainlie set downe together with the use thereof as followeth". It gives the 
meridional parts from latitude 1 ° to 80° in sixtieths of a degree of the equator, 
at intervals. of 1 0. For 1°, 30°, 52°, and 80° it gives 'respectively 60, 1883, 3668, 
and 8399, as against 60, 1888, 3665, and 8375 in' the present-day nautical tables. 
The difference increases gradually with the latitude. Blundevile explains how the 
network of the chart is to he made. The parts of the equator are measured.along 
the meridian, af ter which by means of the table the parallels aredrawn at the 
correct distances from the' equator. It is true that Blundevile owes· this table to 
Wright, but it differs from the one which Wright himself published in 1599. 
Tbis tabie, in its original form, has also been in the hands of others. Ithas been 
used indiscreetly, but· it is beyond the scope of this introduction to go into this. 

The appearance of the previously mentioned. textbook, Certaine Errors in 
Navigation . .. detected and corrected hy Edw. Wright (London 1599), forms an 
important landmark in the development of scientific navigation 19). The author, 
who had gained knowledge and experience at sea and who was an eminent mathe
matician, prepared a second and amended edition, which appeared. in 1610. 
Many years af ter Wright's death, Joseph Moxon edited the third edition (1657), 
to which he added the translation of The Haven-Finding Art. The fact that the 
book continued to be sold and used until the end of the seventeenth century ·bears 
witness to the great influence of Wright's work on the deepening of nautical 
knowledge in the seventeenth century. 

In his "Praeface -to the Reader", W right enumerates the many imperfections 
inherent in the art of navigation (which was already "some thousandsof yeeres" 
old), in particular those relating to the chart. His treatise contains the means to 
improve the subjects in question. In the present context attention will he paid 
only to his tables of meridional parts and those of loxodromes. Of the latter he 
says with justifiable pride: "with help of which tabie, the Rumbes may in any 
chart, mappe or globe much more truely be descrihed then by those maechanicall 
wayes' long since published by Petrus Nonius, or latily practised by some globe
makers in England" (p. ggg 3). 

19) The title-page of the hook, the "Praeface", and "A tahie for the true dividing 
of the meridians in the sea chart" are reproduced in The Hydrographic Review, May 
1931, under the titie of : Origin of Meridional Parts. . 
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W right gives a dear exposition of the construction of the network of the 
Mercator chart and condudes with the following wórds, which seem to echo 
those of Mercator: "the parts of the meridian at every poynt of latitude must 
needs increase with the same proportion wherewith the secantes or hypotenusae 
of the arke, intercepted betweene those pointes of latitude and the aequinoctiall 
do increase. Now then wee have an easie way layde open for the making of a 
table (by help of the Canon of Triangles) whereby the meridians of the Mariners 
Chart may most easily and true1y be divided into parts, in dueproportion from 
the aequinoctiall towards either pole". (p. D) The basis for the table had thus 
been descrihed. He made it "by perpetuall addition of the secantes answerable to 
the latitude of each point or parallel unto' the summe' compounded of all the 
former secantes, beginning with the seCans of the first paralle1s latitude and 
thereto adding the seèans of the second parallels latitude" (p. D). 

It was originally Wright's intention to publish the table of meridionalparts 
with an interval of 1'· of latitude, up to a maximum latitude of 89°59' and 
expressed in units of 0.0001 minute of theequator. But on second thoughts, for 
the sake of simplification, he chose an: interval of- 10' and for the unit he took 
9.1 minute' of the equator, which, did not result in any "sensible error". In this 
form the "Table for the true dividing of the meridians in the sea chart" is to be 
found in his book. Itcovers a range fromO°lü' to 89°50'. . . 

He considered it necessary to drop three digits (p. D verso) "not onely for the 
easier, but also for the truer 'making of the table". "Truer", because he may have 
doubted the accuracy o~ the last decimal places. W right was 'aware that the values in 
his table'were a little too great, but he considered it sufficiently accurate. If anyone 
wished to attain greater accuracy and to work with a smaller interval, . he might 
construct a table with he aid of the Canon magnus triangulorum öfRheticus 
(1514"1576) 20).' , 

Next Wright describes (p. F verso) "how this table has to he used for the con
struction of the "tabie of rumbs". In a few words it is said that this is do ne by 
"perpetuall addition", but no further explanatign is given of why this is so. These 
words, however, have already been explained by the proof given above (p. 484),. 
that the meridional parts of each of the points of intersection form a multiple of 
the meridional parts of the first point of intersection .. 
, The table , which takes up twenty pages,' now follows. 'It gives the points of 

intersection for seven loxodromes with meridians' at a difference of longitude 
of 1 0, and goes as far as latitude 89° 59'. This great range shows that theory went 
further than practice. In fact, for practical purposes it was not necessary to carry 
the calculation thus faro Wright reckons the loxodromes from the equator, so that 
E by N is the first. The construction of the table must have taken a great deal of 
time. The number of points of intersection which had to he calculated was 3,600. 
Thecalculation of the table of the. seventh loxodrome (N by E) alone - the 
longest of all ---"- necessitated as many as 1,440 determinations of latitude. This 
loxodrome passes exactly six times round the earth before reaching latitude 89°59'. 

, It is this table which has been faithfully copied iti its entirety' by Stevin, with 

20) George joachim Rheticus, whose re al name was Joachim van Lauchen, born at 
Feldkirch (Vorarlberg, Austria), in the former province of Rhätikon and called 
Rheticus on this account. Mathematician and astronomer: 1537 Professor 'at Witten
berg; cooperated with Copernicus; 1542 Professor at Leipzig. 
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the exception of the order in which the loxodromes were. taken .. 
In § 1 it has already been shown that Apian must also be reckoned among 

Stevin's predecessors in this field. 

§ 3 

CONCLUSION 

It has already been stated thàt Stevin, when copying Wright's tables, wrote that 
he had found "some imperfection" in them, words which cannot but .be regarded 
as a kind of accusation. Recurring to his objections in the Appendix, Stevin says 
that he has made random tests with the fourth loxodrome - not with the 
others - and that he has found differences. They were not great and not of a 
nature to prevent him assuming that Wright's tables were reasonably accurate. He 
therefore drew attention to differences which in his opinion were to be found 
in them, but he did not g~ to the bottom of the matter. He was moderate in his 
criticism and took over the tables, in spite of hls objections to them. 

It is only natural thatWright, who had seen the Wisconstighe Ghedachtenissen, 
did not leave the matter there, although he esteemed Stevin's work. In the second 
edition of Certaine Errors he included a detailed reply, under the title: "Sirnon 
Stevin his errors, in blaming me of error in my tables of Rumbes" 21), from 
which it is quite evident how strongly he resented Stevin's criticism. He expresses 
this in his words: "but we shall (I make no doubt) find a greater fault in his 
fault-finding. Though I never durst presume to imagine I could set forth anything 
without some fault. It sufficeth me if the fault be so little that it cannot sensibly 
be discerned, which I hope I shall hereafter shew." These words at the same time 
characterize the object his argument was intended to achieve. 

Wright evidently considers it exaggerated to criticize a difference in the latitude 
of no more than 12' and writes: "surely therefore Master Stevin might have 
eased me of some troubie and have saved himself some labour and reputation 
both, if he had spared his p.uns in seeking to find fault withme for so small 
a matter, whereby navigators could incur neither dammage nor. danger, although 
mine error were so much aS he supposeth. For in the practiceof navigation what 
inconvenience can arise to a seaman by such an· error as shall cause him to goe 
wide of his course no more then 12 minutes, in sailing so far that he must alter 
his longitude 78 degreesànd his latitude 61 degrees and more?" On the 
enormous distance. this difference was very small indeed, from the practical point 
of view. . 

Wright went more thoroughly tnto the matter and recalculated his table of meri
dional parts twice, aided by two calculators, thls time from minute to minute. He 
found no· differences that might result in any "sensible error". He also recalculated 
the table of the ejghth loxodrome, whlch Stevin had taken from Apian, this time with 
an interval of 10' in the latitude. He checked the values for the fourth loxodrome, 
found by Stevin - who had worked with the table of Apian - and hè applied 

21) In the third edition this reply to Stevin is again included, in the same words. The . 
only difference is th at the tables have now been printed in a more compact form. 
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the newly calculated tabie, the result beingthat the difference of 12' was reduced 
to a very small one. "The truth is ... thinking it would be sufficient if my Table 
of Rumbs erred not any whereso much as a minute in the latitude of any. rumb, 
which by this triall already made, lassure my self they do not." Wright is of the 
opinion that Stevin's error is in "his owngrosse manner of triall, much more 
then in my tabie" . If he had workéd with smaller intervals, he would have found 
smaller deviations. And thus the duel was ended. Wright openly spoke his mind. 
He showed the lack .of justification of Stevin's criticism and called his checking 
method too gross. But that Stevin's "reputation" was injured is a statement which 
is not in keeping with the general tom! of his reply.1t was just a littletoo sharp, 
and certainly not in accordance with his es teem of Stevin when he translated 
The Haven-Pinding Art and wrote an introduction to it. . 

Paragraphs 1 and 2 have clearly confirmed that the substance of The Sailings 
fqpns no original work, as we already stated at the outs et. Stevin, wishing to 
become informed about a subject which had never before been discussed in Holland 
and which was of great import to navigation, sought this information in the works 
of the few foreign scholars who had already studied the matter. He went back 
to the s9.iuces, as scientists are accustomed to do, and. h~ properly mentioned his 
sources. THe thoroughly studied the writings cited above and took over the main 
points. He actedin the same way with regard to the system of drawing the loxa
dromes on theglobe by means of models - a system which had already become 
known among the globemakers of his day -.:.., the old reduction table of Apian, 
and the two new tables of W right. He incorporated these matters in his treatise 
and in his own words elaborated the whole inte:> a logièal and conveniently 
arranged diséourse. The form into which he cast the treatise commands our 
admiration. The clarity of his words proves how familiar he had madé himself 
with the subject. Thecriticism - directed in particular against Nunes and 
Wright - which Stevin: considered himself justified in making, was included in 
the Appendix. Wright reprimanded him by showing that the argument was unsound 
and unfounded. He might also have pointed out the error in thought made by 
Stevin, which the latter might have avoided by following the example. But this 
was left by Wright to posterity. 

Stevin's predecessors had developed the theory in their writings in the form of 
moré or less elaborate expositions, incorporating the definitions in the text, 50 that 
they were virtually hidden in it and thé reader had to discover them for himself. 
Moreover, tbe reader was faced with difficulties beca~e thè authors,' though 
they did give indications as to the wayin which some of the calculations had to be 
performed, omitted to give an explanation of the reason why. Stevin, 'on thé 
other hand, renders his reader the great service of putting definitions foremost, 
'formulating them clearly, and giving them in large print in his book. This made 
it much easier for the reader to understand the gist of the matter. Thesystematic 
composition of the treatise was of .great valueto students and must have aroused 
their gratitude to the author. Stevin's work was exceptional, since long af ter his 
day the texthooks on navigation were still deficient in point of proper arrangement 
of thé subject-matter, systematic composition, rigour, and briefness of the argument. 
We refer, for instance, to the two popular textbooks of Gietermaker and Klaas de 
Vries, which were used in Holland almost to the exclusion of all other hooks, the 
former from 1660 to about 1800 and the latter from 1702 to about 1820. It is not 
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surpnsmg that from such hooks the navigator was unable to learn spherical 
trigonometry, for instance. . 

Stevin's hook of 1605 was of quite a different nature. The reader who was 
acquainted with the language of mathematics and the derivation of formulas was. 
able to leam a good deal ftom it, thanks to Stevin's search in foreign sources, his 
able and careful elaboration of the subject-matter, and his lucid presentation of it. 
Here again - as with The Haven-Finding Art - it may be said that his work was 
of great use to his contemporaries. There is more: the practice of Dutch shipping, 
too, owes him a debt of gratitude. This will become evident from thefollowing 
pages, in which we shall briefly describe how his work was continued in the 
Netherlands. 

To Willebrord Snellius (1591-1626) 22), who translated the Wisconstighe 
Ghedachtenissen into Latin 23), and who was therefore intimately acquainted with 
their contents, the credit is due of having widened the knowledge of the loxodrome 
by his hook entitied Tiphys Batavus 24,25). It contained a long introduction,:,;.a 
treatise on the loxodrome, another devoted ti:> the determination of the speed and 
the dead reckoning, and finally two tables. The first of these is entitled T abulae 
canonicae paralielorum. It is a table of meridion3.l parts from 0° to 70°, to four 
places of decimals, with an interval of I', madeby adding up the secants from 
minute to minute. Verification has shown it to be very accurate. It is not identical. 
with that of WrightfStevin. The second is a table of loxodromes, entitled Canones 
/oxodromici. It has quite a different character from that ofStevin's Table of 
Loxodromes. The object of Stevin's table was primarily to become acquainted' 
with the true shapes of the loxodromes on the earth's surface. It is true that 
S~evin had describel d howhs~ilinghPodroblems could bebsolved by m

d 
eans 0bf hif's tabie. .1 

However, not on y was t IS met inconvenient, ut it coul not e ollowed 
because, but for an occasional exception, Stevin had not included the calculation 
of the distan((;; inhis tabie. It was thus incomplete. The table of Snellius was destined 
for practical use at sea. It is divided into quarter points and with the difference in 
latitude from minute to minute as argument gives the distance and the departure, 
the latter two magnitudes in miles· of 15 to the degree. In this book Snellius showed 
how sailing problems are solved by means of the tabie. His system undoubtedly 
marked an advance on that of Stevin. NevertheleSs this again was not altogether 
suitable for practice as yet, because the search in the column of the difference in 
latitude was not satisfactory. This hook moreover, being of a scientific character and 
being written in Latin, was above the head of the seaman. 

We shall pass by the achievements in this field of Ezechiel de Decker (ca 
1595-1667), surveyor and mathematician 26), and of Adriaan Metius (1571-1635), 

22) Willebrord SneIlius, mathematican and physicist, Professor at Leiden, famed for 
his method of measuring a degree of latitude and for his law of refraction. 
28) Works XIb.· . 
2.) Willebrord Snellius van Royen, Tiphys Batavus, sive histiodromice, de navium cursibus 
et re navali (Leiden 1624). 
26) Tiphys was the steersman of the ship "Argo", known from Greek mythology 
through the voyage of the Argonauts. Tiphys Batavus presumably means: the Dutch 
Tiphys, or the Dutch steersman. 
26) Ez. de Decker lived at Gouda, later at Rotterdam. He admired Stevin and is 
knoWIl to have published the first Dutch table of logarithms: Nieuwe Telkonst, inhoudende 
de logarithmi (Gouda 1626). 
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Professor of mathematics and astronomy at Franeker, but direct our' attent10fi at 
Cornelis jansz. Lastman (diedbefore 1653). The latter had been born in Vlieland, 
had followed the sea,' and around the middle of the seventeenth century at 
Amsterdam, in the Haarlemmerstraat, ran a nautical college,. which was called 
In de vergulde Graed-Boog~ (In the Golden Cross-staff) and which was continued 
after his death by his son Sim on. ' " . . . 

Lastman coinpiled a table of meridional parts as well as Tafelen der Compas
streecken (TraverseTable),which are to be found'in the textbooks·óf navigatio(} 
publisned by him 27). As with Stevin, this table applies toseven loxodromes; 
while there isalsoa table for the eighth loxodrome, which gives the. reduction 
of departure intó' difference in longitude. It covers a range up to latitude 80° 
and the interval is 1'. . ' . 

Whilst Stevin had furnished the latitude of the points of intersection with thé' 
meridians for the seven loxodromes and 'his table was intended to advance science, 
Lástman's tablewas 50 arranged that it waS destined and suitablef~r practical 
application. Itscharacter, therefore, is different. For the sevenloxodromes, com~ 
mencingat the equator and 'extending as far as latitude 75°, it gives the longitude 
and the latitude of the points through whicl} the ship passes as she sails upon the 
loxodrome, at intervals of one geographic mik(1 geographicmile= 4 nautical 
miles) .. The argument is the distance run. The table takes up 50 pages, each of 
which contains 325 calculated places. The seventh loxodromealonetakesup 
18 pages and necessitatedthe calculation of 5;760 places. The figure-work must 
have been enormous indeed. . 

Although an interval of one point in the course was large and consequently 
inconvenient - becauSea true coursè obtained by reduction of the' course steered 
seldom falls on afull point..:.... still it could be used in practical'navigation at sea in 
order to determine the position when the course and the distance runwere known, 
or vice versa - though this wasslightly more difficult - to determine the course 
and the distance between two known places., Lastman' stabie was taken over by 
others. If is found again in maay books" and was used for; a long time; even to the 
early part of thenineteenth century. It was ousted by the traverse,:·table which 
Cornelis Douwes (1712-1773) 28) induded inhisZeemans-Tafelen 29 ). On the 

27) Cornelis ]ansz. Lastmari, Lastmansbeschrijvinge van de Kunst der Stuerlieden(Amster
dam). Many editions 'are, known: 1642, 1648, 1653, 1657, 1661,1675,,1714. In ad-
clition: Vlissingen 1659.' ., . ' 
28) Corn. Douwes was matheniatician to the Admiralty, to the East India Company, 
and to the city of Amsterdam, examiner' of naval officers and navigators, teacher at 
the "Zeemans-Collegie", on Oude, Zijds Achterburgwal, . Aptsterdam. ' 
Douwes made the seaman independent of the determination of latitude~ which, was 
based on the observation of the sun at the' moment of its meridian passage. He dis
covered a simple schemè of calculatiC?o, which could be applied by the common se a
man, with the aid of which the latitude could be figuiéd out from 'two altitudes of 
the sun outSide the meridian, the time interval between the observations being known. 
His method was applied from 1750 to about 1850 by all seafaring nations of the 
world, in thè Netherlands to the end of the nineteenth ceritury. The possibility created 
by Douwes greatly ~rcimoted' the safety at sea .. From the Eriglish, Douwes received 
a remuneration for hlS discovery (cf. my book Cornelis Douwes, 1712-1773, zijn leven en 
zijn werk (Haarlem 1941). 
29) De noodige en bij ondervinding beproefde nieuw uitgevondene Zeemaris- Tafelen en voorbeelden 
tot het vinden der breedte buiten den middag, door Cornelis Douwes(Amsterdam 1761)"Up to 
1858 this table passed through 16 editions in the Netherlands. It is met with in: 
numerous tables, e.g. in English and,Amer.ican tables. 
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English model he constructed a table in which, the course and the distance run 
beingknown, the differencein latitude and the departure were found. The interval 
in the course waSsmall. A point was divided into eight parts, thus: Vs, ~, 1/3' 
Vz, -2/3,,%, YB, a division which did not hold its ground and which was not used 
in England. ' '" " ',' 
, We will conclude with two opinions about Lastman's tabie, pronounced by 
colleagues ,of ,his. 

Pieter Rembrantszvan Nierop (died 1708) prepared àn amended edition of 
the textbook written by his uncle, tbe shoemaker-astronomer Dirk Rembrantsz 
van Nierop 30) ,author of a large number ,of books on navigation and astronomy. 
In the preface he says: the art of navigation, as described formerly by the Portuguese, 
the Spaniards, Medina, Coignet, Zamorano, and William Bourne, "was no more 
than an A~B, in,comparison with that of the present day, for when our C. J. Lastman 
in 1621 31) first brought forward his Tables of Sines, Tangents, and Secants as 
well as his Table of Meridional Parts and eight Tables of Loxodromes, for use in 
navigation on a spherical earth, people made fun of him, saying: What does the 
man mean by, these things? ,And now see how he has augmented and amended 
it up to 1640, and indeed, how helS now being followed by other writers, so that 
it is evident from this how.various errors in navigation can be corrected more and 
more, some of them by the correct application ,of the art and otbers by diligent 
observation. " , , 

The second, opinion was given by Simon Pietersz (boen in 1601), a nautical 
teacher at Medemblik. In thetextbook written by ,him 32) ,he concludes each 
discussionof a given subjeCt with an interrogation of the pupil. Af ter the 
discussion of the calculation of the position by dead reckoning we read (p. 111): 
"Question: What ,do you make use of when you want to indicate the position 

in tbe chart?, 
Answer Now,one thing, now another. But in general I have recourse to the miles 

and degrees which I find in the 8 CompttJstreken van Lastman 33). 
Question Why, are they so excellent? 
Answer They, are so wonderful, so commendable and infallible that they 

, surpass allother means and their use.',' 
In the paragrahps 2 and 3 we have shown tbat slightly more than one hundred' 

years elapsed between the moment at which the scholar Nunes, began to study 
tbe' loxodrome and that at which tbe Dutch seaman could avail himself of the 
knowledge that had been gathered about it and in day-to-day practice at sea was 
able to perform calculations ,èonceening the distance run or the course to he 
followed. The way,was long. Stevin was one of those who helped to pave it. 

This statement applies to the Netherlands. In England this part of the art of 
navigation developed along different lines. Richard Nocwood (1590-1675), who 
had followed the sea and later became a nautical teacher in Londol1, famous for 

. his mèthod of measuring a degree of latitude (1635), calculated a table of courses 

80) Pieter Remhrantsz van Nierop, Verbeterde en vermeerderde Nieroper Schat-Kamer (Am-
sterdam 1697). " " 
81) Probahly this has to he 1631. 
32) Simon Pietersz. Stuerrnans Schaale,' in weleke de navigatie ofte Konst der Stuerluyden seer 
ordenteliek en bequamelijek voorgestelt en geleert wert. Doek heel gedienstigh om in de schaalen der 
navigatie,ghebruyekt te worden (Amsterdam 1659)' ' 
33) Traverse Table of Lastman. 
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and distances, which, the intérval in the course being.1 0 and the distances being 
expressed in nautical miles, gave the difference in latitude and the departure,the 
latter two magnitudes not in miles but in tentru of miles 34). In later editions 
they were given in miles as weU as tenths of miles, so that the construction of this 
table was identical with the one that is now known and used at sea. 

at) This table is to be found in his textbook The Sea-Mans Practice (London 1637). 
The book, which was very popular and the 15th edition of which appeared in 1682, 
was reprinted and used up to the early eighteenth century (in 1716, for instance). 
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CORTBEGRYP 
DER. Z E Y L S T REK E N. 

de mmichrvufdjghe ~yde zeylagen ik!er landen 
f'7Jel~frb.~'II"'~nfoucfters 'Veroirfaec~t hebben, 'Van 'Vonden 
Itrel·l!en.ae tot'Voordering der groote ~ervfterden" die elek... 
rve''tl1rx,naean fijn V 0 R STEL) C K R G HEN A DE alt 
. drJ'JiraL" omdaer metot hunrvoordeelte gherak!n:SDOti 

II~. Je &f tin * ZeefihriJheen der befonder oir[a~n ghe<VPee(J" die hem track.. 
~. totte begheerte m oejfening der * 1717 iftonflen: sulcx dathy deurJien heeft =..,.. 4lhetWboirfle cv áiepJinnichJle dat 'V"" die jlof mijnsf'lf'PCtCIJS ghehandcit 

rv"Port. Van tjelve Zeeflbrift nemen rv'Vy r:voor ons hier te befchrtjrven dit 
rrÄe1'u boucft'Vande Zeylflre~n, rv'Vaer achter noch 'VoIghenf al den handel 
'V411t/e Barvewvinding,en ()()ck.. <valt Ebben'Vloet, orvermits rv'Vy dAer in 
'7h~ be{onders hebben, dat in tÛfe ~iftonftighe ghedAcbtnijfen fit'n pwts 
<vereyflht. eAngaende de reft Jes Z«fchrifts" Jaer toe rverflmk,tn hem tot 
ghedAchtmi'Verfcheyden boucftm 'V4n die [lof handelende ~ en door hem 
tnlerJien. 

Iltfo-- izJefebeflhrifVingáerZeylilre(m,fal ná'Vier nOlJdighe'* bepalingbm 
tier eyghm ~()()Tden"begrijpm 11 rtJóOT neUm "rttPelcfter trv"Pee eer fie fijn 
<V41I rechte Zeylflre(m" á 4I1der rvancrf,mmc. Vv fter acbter nocb<vo'lm 
fJ een .J.nhtI{Jg der Cromjlreftm. . 

BEPA ... 
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SUMMARY OF THE SAILINGS 

Since the numerous voyages from these parts to remote countries have induced 
many investigators to find aids for ocean navigation, which each by himself, 
striving af ter his own profit, showed to His Princely Grace as Admiral, the 
subject of hydrography was one of the causes which urged him especially to study 
and practise mathematics, so that he investigated all the most useful and subtIe 
things that have to my knowledge been said about that subject. Of this hydro
graphy we here intend to describe this fourth book, of the Sailings, which will be 
followed by the treatise on the Haven-Finding Art, and also that of Ebb and 
Flow, since we have made some..remarkable discoveries about this, which require 
their place in these mathematical memoirs. As regards the remainder of 
hydrography, various hooks dealing with that subject, which he has examined, 
serve to aid his memory. 

This description of the Sailings is· to contain, af ter four necessary definitions 
of the special terms, 11 propositions, the first two of which refer to great-cirde 
tracks l ), the others to rhumb lines 2). This is to be followed by an Appendix 
about loxodromes. 

1) Orthodromes. 
I) Loxodromes. This is the term that will be used in the translation. 
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BEPALINGHEN. 
1 B EP A L ING. 

Zeylftrekë fijn de-linien die Ceylende Cchc:pen befchrijve. 
Als een fchip feylende van ooft nà weft, de verdochte lini of ftreèck diet int 

\'aren befchreven heeft,heet int ghemèen zeyHlreeck:' Int bef onder ooftenweft 
ftreeck, en van ander winden of oirten crijchtfe ander namen. 

1 BEPALIN G. 
. Rechte ftreec noemen vvy des Eertcloots cortfte booch 
tuifchen tvvee punten. . 

Laetop den Eertdoot ABC. tulfchen de twee pUD ten A en B • ghetrockcn 
. lijnde booch AB, wefende' de confte neem ick die. daer tulfchen gheuocken 

cao 
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DEFINITIONS 

lst DEFINITION. 

Sailing tracks are the lines which ships describe when they are sailing. 

Thus, when a ship sails from east to west, the imagined line or track which it 
has described in sailing is in generalcalied sailing track, in particular east and 
west track, and accQrding to the other points of the compass orplaces it receives 
other names. . 

2nd DEFINITION. 

Great-circle track we call the shortest arc on the earth between two points. 

On the earth ABC let there be drawn,. between the two points A and B, the 
arc AB, being the shortèst, I assume, which can be drawn betWeen them, which 
must be the arc of a great circle. Such directions are nowadays marked in mariner's 
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88 4 BOVClt DE'S' EEP. TcioOTSCHkIETS, 
can worden,t'welck fijD m<iêédbbdcjihttllsgroodk roildts: Soodilllighe {he
~nwor4en~q:~er.ti~'~,*çl)~iQtfe:~palfC:llJn~:I;e J·1..,liliienda~r "In" 

BJFitnll. befchreven, wc:lckc deur t'ghedacht vändcn * doender aflangs ['vlack des cert-
.': ,ç1<:l9,~sy~rtgh,et!lJs~e9 (C)ti~qe~ficPtçind~r, ~~nde~~()p4egJte~o()tAe e.en~ [' 

,do<>ten ;4(00 gh,eteyc~nt, lJeci!e~ d~ ~ % gJ1fw.~ene.,1.h~kel),:,QfwÏP.d~p.: '. ,' .. " :.' ' 
., .... ' AIl~~rid~YIll;án~~en4çn:~9~l1t,hp~~:I~çrOlJJIBe b,~p:l.e.y'gh.~llt1~c:Jçghe., .. 

Douch i«nre fireken ghenoemt wordm,die fal weten dat defe rechthe.ytgc:[eyt. ." 
wort int anfien datfenoch rer rechter noch tedlincker tijde ell wijck~,gclijck 
wel doen de cromme fu~:ll.,~ql~,~pali~~V()lght • 

. "".:;".: ';:::':""')·,'3 ;:'B·E:P'A:-tJ:·N G'.;'::''''''',:·,:,,; .l:;'::: >:.,:."'::'; 

: ,'," ." :;,Eenfchipbuyten:t~midddrontenmidda~hront.foky.;) 
" lertdêdat'dê'boochhetrotkerivande ldéllïni:'tóitèn if..:. ;!" 

, , ' .'. purit;~lHjt'ópdê;kï'~fiiliîeèiNèl vehhou'd, iliieikt:Oi lîhi' :.':' 
die t'fchipdan ghefeylt heeft noemen vvy Cromilreeck. 

Laet inde form der 1. bepaliJlg D des eertcloots afpunt lij n, E een fchip,t'welck 
ghefeylt hebbe van A tot E,foo dat de JJooch E O;get'rockenval1de kiellini F G 
àls van E rotten afpunt D,altijt op 4e kiellini F G maecke een felven houckals 
FE 0, t'welek foo ghebeurcn foude als t'fchip altijt op een fcl ve fireeek fey lde 

. die t'uccompasanwiift, eJl dat de leli alti;trccht nooIt wefe. Dit foo,lijnde,dc 
lini ofbooch AF E die t'fchip ghéfeylt heeft heet cromfirecck. Nu ghenomen 
dat den houck F E Drccht fy,foo fal hetfèbipalt~;trecht ooft of reclmvcft an
ghevaren.hebben.en de booch A E fal deel eens klccnronts fijn: En dauetghe
duerlick iOo voortfeyldc,het foude w~rom commcn rer plaets vanA daert be
goft , volfchrijvende het rondt.Hiet uyt anmen verftaen dat detechte ooft 
ilrecckAB.endectomme A E, veel verfchilIen: Om van t'wdek breeder ver .. 
daring te doc:n.foo liet C bereyckenen het recht oofipun,t. werende de gemee
ne foe des ûchteinders tn middelronts,en t'punt A fy onder het fop ~ en t'punt 
B inde boo<:hAC,en de booch A F E fy even met A B. Dit foo fi;nde,gheno. 
men dat een fchip feylde van A na C altijt op de booch AC, het fal int anfien 
desgheensdie all A is,altijt recht oofiwaert anfeylen, maer niet int anfièn des 
gheens die int fchip is, weleke geduerlick grooter en grooter verfchil fal vinden, 
jaten'eynde foo groot. datgenomen ['punt A te-liggen op de breedevan jotr. 
foo fal den feylder onttem C comnrende.hem bevinden te feylen oock ontrent 
de jO tr. van oollen na zuydcn. Wederom, hoe wel B recht oogO: light van A, 
nochtans een ~ip tèylende van A afaltijt recht 000: an int anCien desfeylders. 
cn fal niet geraken, tot B; macr verre van daer tot E,welverftaende dat-de booch 
AEcven ghenomen Wort met A Balfvooren. . . 

Merekt noch dar hoe wel B recht ooft light van A, noch tansfo en ligt A niet 
rtcht weil: van B, t' weIdt op groole boghen veel ver(chillen can. Laet by voor
beelt "an een plaetsdicns breede .. s tr.ghenomen worden een boo'ch van 90 tr. 
rcchtooftwaert :Dc rechte fireeck van die ooftcrfchc plaets nad'ander. en ru 
niet fijn recht weIl,maee fo veel noorderlicker als de breede bedtaecht. te weten 
ol-S tr. dats recht noonweO:. Sulcx darmen om vande wefilicker placrs te feylen 

. na de ooftelieke)beginnen moer recht 000: an,maer vandc oofie1icke na d"ander 
. (om opeen rechte firecck te feykn, want op cIO'mftrei.en heeft her weerkeeren 
altijt de naemdcs teghenovcrwint vant WCcbVaxCll) noordweLl: an: En waerdc 

. . plaet-
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compasses by the 32 lines described therein, which, being produced mentally by 
the observer over the surface 'of the earth to the horizon, or otherwise drawn in 
this way on the model globes, designate the 32 common points of the compass 
or "winds" 1). 

Since one might wonder how arcs can properly be called straight tracks, one 
is to know that this straightness means that they deviate neither to the right nor 
to the Ie ft, as do the curved tracks, the defjnition of which follows. 

3rd DEFINITION. 

When a' ship sails 'outside the equator' and the meridian in such a way that the 
arc drawn from the ship to the pole always makes the same angle with the keel
line 2), the line on which the ship has then sailed we callioxodrome. 

In the figure of the 2nd definition let D be the pole of the earth, E a ship 
which shall have sailed from A to E, so th at the arc ED, drawn from the keel 
FG, viz. from E to the pole D, shall always make the same angle with the keel 
FG, viz. FED, which would happen thus if the ship always sailed on the same 
point indicated by the mariner's compass and if the fleur-de-Iys invariably pointed 
due north. When this is the case, the line or arc AFE on which the ship has 

. sailed is called loxodrome. IE it is now assumed that the angle FED is right, 
the ship will always have sailed due east or due west, and the arc AE will be part 
-of a small circle. And if it sailed continually on in this way, it would come 
again to the place A where it began, completing the circle. From this it can be 
understood that the orthodromic course east 4.B and the loxodromic course east 
AE are widely different things. To give a fuller explanation of this, let C designate 
the true east, being the common intersection of the horizon and the equator, and 
let the point A be in the zenith and the point B in the arc AC, and let 
the arc AFB coincide with AB in A. This being so, if it is assumed that a ship 
sailed from A to C always along the arc AC, to one who is in A it will always appear 
to be sailing due east, but not so· to one who is in the ship; he wil! find a 
constantly greater and greater difference, even fjnally so great that if the point A 
is assumed to lie in latitude 50°, the man in the ship, coming near C, wil! find 
he is sailing about 50° south from the east. Again, though Blies due east of A, 
nevertheless a ship appearing to the man in the ship always to be sailing from 
A due east will not arrive at B, but, far from there, at E, it being understood 
that the arc AB coincides with AB in A as above. 

Note further th at although Blies due east of A, nevertheless A does not lie 
due west of B, which may differ a good deal on large arcs. For example, from 
a place whose latitude is 45° let an arc of 90° due east be taken: the great-circle c 

course from that more easterly place to the other wil! not \>e due west, but so 
much more to the north as the latitude amounts' to, viz. 45 0, that is due northwest, 
so th at, in order to sail from the more westerly to the easterly place, one first 
has to sail due east, but from the more easterly to the other place (to sai! on 
a great-circle course, for on loxodromes the home voyage is always called af ter 
the point of the compass opposite to that of the departure) due northwest. And 

1) Winds = Spanish vientos, the word commonly used in sixteenth-century Spanish 
textbooks, meaning "directions". . 

B) Fore-and-aft Hne. See pag. 368. 
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VAND~ ZEYLSTREKEN. 

piaet[ensbrCcdevan S7tr.fulck verruulfou danOOCkvatl S7tr. fijn, datsova 
de vijf ghcmeene ftreken. . . . . . 

En hocmen nacrder den afPunt [eylt,hocmen fuIck verfchil op groote [eyla
gen merckelicker bevint,en dat om bekende redenen,die op een Ecrtdootmet 
haer beh.oidicke r«tfchappen openbaer fijn. Inder voughen dat Stierluyden 
die dacr ontrent varen en landèn fouclen, noodichis van defe'facckg9C kennis 
te hebben,want t' ghebeurt den onverdochten wel;datfe haer fchip op een anda: 
plaets vindende dan hun giffing mebrengt,fulcx ten eerften wijten oni:lemerc
kelicke afleydende ftroomeó • daerafnochtaQs d'oirfaeck mach fijn het bove. 
fchreven niet gagheflaghen te hebben na t'behooren. ' . 

Tot hier toe is ghefeyt vande eromftreeck recht Ooft en weft anghefeylt, die 
alti;t een rontis, .maer d'ander (uytghenomen inde .. middachronden en int MtriJûma 
middelront) fij n altemàCl* flangtrecken, wiens form en ghedaentc'dèur de vol- ciMl/o ti' 
ghende voorftellenopénbaer [al worden." . . '.' . tf,:::. 

4 BEPALING. 

Eerfiecromfireeck noemtmen die in yder vierendeel 
des fich teinders naeft het llliddaçhront is,d'ander voIgen
deheetde tvveede,en foooirdentlickvoorttotte achtfte, 
die altij' teen *evevviJ'dich roritis~ . Cirt_,.. 

r..o./us. 

Als by voorbeelt int vierendeel desfichteiriders van noort tor ooft, de erom.' 
ftreeck naeft het middachront,of andersgefeyt naeft het noorden,dicmen oock 
heet noort ten ooft en, wort d' eerfte cromftreeck ghenoemt,noornoortooft de 
twcede,noortooft ten noorden de derde,en fovoort mer d':lIider' totte achtfte~ 

. dat is -d' ooftaomfireeck die al tij! een lont is cvewijdièh mette! middcltont: Eo. 
foOdanich is oock d' oirden in d'ander drie vicrendeclen des ûchteindcrs. 

De reden waerom de cromftreken benevens de naem die fy hebben na de 
winden,noeh gefeyt worden eerfie, tweede, derde, &e. isdufdanich:Angheûen 
vier* lijckftandige ftreké,als by VOOlbeeit de ft~ecvannoort fen oofien,nooIt Homols[.4. 
ten weften,zuyt ten ooften,en zuyt ten weften,in ferm malcander heel geli;ck, 
cn van groodleyt heel even fijn~ fuJcx dat deur de leering van een, de ghedaente 
over alle vier verflaen wort, foo vallet oirboii om oirdentlick van defe fiof te 
handelen,datmen die als * afcomft eenghemeene naem gheeft,teweten eerfte; Spuin. 
:àls haer*ghefiacht, om njet eleke mae1 vier winden t'ramen te moeten noe- G_ 
men, of maer eenghenoemt ûjnde, dat d'ander niet vergheten en fchijnen. 

NV DE 

V 0' 0 R S TEL L E N. 

A Lroo fijn Vo R S TEL lelt E G HE NA DEint Iefen van CDf1l1ogr4phi4. . 
Pttri t..Anilllli & G!1I1111.e Frifi,ghecommen was tot Cap.13 prim.e pllrlM: 

Dacr na tot 1 Cap,illlibeUo de lo(orllm JcribtTIdo'lIm ralione,Alwaer fiont de ma.;. 
Dier om deur ghctalen te vinden op wat ftreeck d'een plaets van d'ander light. 
heeft het felve aIfdoen overghdlaghe,n,om twee redenen, d' cene dat den gront 
uyt wclcke de wercking ghetrocken was daer niet byen ftOilt, ten anderen . dat 

. H 3 hydoen 
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where the latitude of the place is 57°, such difference would then also be 57°, 
i.e. more than five points. 

And the nearer one gets to the pole, the more appreciabie will this difference 
b~ found on long voyages, for familiar reasons, which are clear on a globe by 
means of its accessories. In such a way that it is necessary for navigators, sailing 
in thçse regions and trying to discover unknown lands, to be well acquainted 
with ti:lis matter, for it sometimes happens to those who are not prepared for 
it that, finding their ship to he in another place than according to their conjecture, 
they attribute this at once to imperceptible divertingcurrents, though the cause 
of it mar be that they have not observed the above properly. 

Up to this point, mention has been made of the loxodrome on which the ship 
sails dueeast and west, which is always a circle, but the others (except in the 
meridians and in the equator) are all spirals, the appearance and character of 
which will become clear from the following propositions. 

4th DEFINITION. 

First loxodrome we call the one which in each quarter of the horizon is nearest 
to the meridian, the next is called the ,second, and so on in due order up to 
the eighth, which is always a parallel. 

-Thus, for instance, in the quarter of the horizon from north to east ,the 
loxodrome nearest to the meridian, or in other words nearest to the north, which is 
also called north byeast, is called the first loxodrome, north northeast the second, 
northeast by north the third, and 50 on with the others up to the eighth, i.e. 
the east loxodrome, which is always a circle parallel to the equator. And such is 
also the order in the other three quarters of the horizon. 

The reason why, besides the name they have in accordance with the points of 
the compass, the loxodromes are also called first, second, third, etc., is as follows. 
Since four homologous tracks, such as e.g. the tracks of north byeast, north by 
west, south byeast, and south by west, are quite similar in form and equal in size, 
50 that when one has learned one of them, one understands the character of all 
four, it is expedient, in order to deal with this subject in the proper way, to 
give them a common name indicating their genus, viz. first loxodrome, 50 that 
we need no~ _each time mention four points of tJ'te compass together or, if only 
one is mentioned, it may not appear that the others have been forgotten. 

NOWTHE 
PROPOSITIONS. 

When His Princely Grace, in reading Cosmographia Petri ApPiani 1) & 
Gemmae Frisij, had come to Cap. 13 primae partis, and afterwards to 7. Cap. in 
libello de locorum scribendorum ratione, which described the manner in which to 
find by numbers in what direction one place lies in respect to the other, he skipped 
this part, for two reasons, the one because the ground on which the operations were 
based was not mentioned, secondly because at that time he was not yet skilled in 

1) Cf. Introduction, p. 482. 
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90 4Bovex DRS 'EElt T'Ct~OTSCHIÜFTS,', 
. hy doen oo.~hllietm'aren -cnwas :indcJi ·handclder platte encloOtfche di"ie~ ..' 
houckeri: Maerhem'daerna inde fclve ghrodfent hehbende ,-en.ghcdachiich 
lijnde t'gene inde bovefchreven hooftftickenovetghdlagben was, heeft in çlie;·· .. 
plaets ten fCl veneynde. aliderm:triic.r van weIçking-gbedaen deur kCilni~ der . 

'oirfaken,en dat niet aUeenop de vinding der fireeck '{an d' c.cnpJaets rot d' an"'. 
·der,maer oock op al d'oobekendepalen dicdCI vallen in {ulek voorfrel ,t'welck 
hicl: veIvoughtis als \'olght. . 

1'VOORS'TÉL • 

. . ..... ,'Wefe~devan tvveeplaetfe~ghegh(:veÏ1d"iepalen'de .. : •..... ' 
fer fes: Rechteftreeck vand'cerfteplaets totte tvveooe:· 
Rech tdlreeek vande tvveede,plae~stot d' eerfie : langde ... 
[ehii : Schilbooch dërbreede "an d'eerfteplaets: Schil
booch. der breede vandctvveedêplaets:' Enverhçytdt:r '," 
plaet(en': Te vindend'anderdrie onbekende.palen. .' 
.. 'TGE{;HEVEN. Laet ABC D den'cctrèloodijn diensmiddelrontB D,des . 
felfdeii begin D,afpunt A,ccl-lh:plaetst:pl,lnt E,twecde phlets i'pUDt F,tuffchcn" . 

. ' weleke getrockë is ccn groo.tfte rontsbooch E F ,alsverheyt: Deur defelve lwçe .' 
plaétfellE,F,fijngbróèkédetwccvièrdcelçnrontsAEÖ,AFH~endespuntsE' 

. breedeE G fy vari l,oir.eri fal fijnfchiJboochA'E:docn Sott; VoOrtdesplinis F .•. " . 
breooefy F H van 30 tr.en fal fijn fchil booch A F doen tó tr.De langde variE fy . 
DG 20 tr.cn de langde van Ffy DH60.tr.fukXdáttet verfchilderlailgde vande . 

. twceplaetfe'n EP IsG H doende 40 rr.Inder voughendàthiei varidc fes palen • 
. ghcgheve~ ofbekcntfijn de drie ,~e weren A E~ en A 'F, fchilbogender br~ede, 

enG Hlangdefchil. TB E G:HË E R.DÉ~ Wymoetcridédriconbekcndepalen" . 
'vinden, tc weten de rechte flreci:k E F,dàt is op w3trcchte flrteck dalmen van· 

'EnaFmoet'feylèn; ofapdcrs'degrootheyt dêshouè.xAEF:Ten~delcnde . 
. ' ftrecck FE" dat" isdc ' ',' ". ..; 
:grootheyt '. des' houcx • A 
A FE : Ten derden de 
vetheydt ,te Weten de .. 
13ngde des boochs E F • 
. Merekt noch tot bree

der, vcrclaring der faeck 
dat de [es.palen ill t voor

. nel 'verhaelt,û,n defès' .. ' 
.. ghemeene p'a1en' ecns ~ 

,cloodèhendnehoucx,te . ~ 
'weien dne houden en .' . 0. ~ --:-:;-.:--~~-----~ 

'. driefijden ,:weickeiri 
··defe flof fuleke ',namen' . 

hebben •. 

TWERCK. 
Anghefien de booch 

G H 40 t~. is , . voor de c 



- 521 -

513 

plane and spherical trigonometry. But having afterwards trained himself therein and 
remembering what he had skipped in the above-mentioned chapters, he proposed 
instead, for the same purpose, operations of another kind by knowledge of the 
causes, not only about the finding of the direction of one place in respect to 
the other, but also about all the unknown elements occurring in this proposition, 
which is here given as follows. . 

1st PROPOSITION. 

If of twO places three out of the following six elements are given: course of 
the great-circle track from the first place ta the secon<i; course of the great-circle 
track from the second place to the. first; difference of longitude; complement of 
latitude of the first place; complement of latitude of the second place; and 
distance 1) between the places: to find the other th ree unknown elements. 

SUPPOSITION. Let ABCD be the earth, whose equator is BD, its beginning 
D, the pole A, the first place the point E, the second place the point P, between 
which has been drawn an arc of a great circle EP, for their distance. Through the 
said two places E and P have been drawn the two quarter circles AEG, APH, 
and let the latitude EG of the point E be 10°, then its complement will be 80°. 
Further let the latitude of the point P be PH = 30°, then its complement AP 
will be 60°. Let the longitude of E be DG = 20°, and let the longitude of P be 
DH = 60°, so that the difference of longitude between the two places E and P 
is GH, making 40°. In such a way that here out of the six elements three are 
given or known, viz. AE and AP, the complements of latitude, and CH, the dif
ference of longitude. REQUIRED. We have to find the three unknown elements. 
viz. the course of the great-circle track EP, i.e. what course one has to sail from 
E to P, or otherwise the magnitude of the angle AEF. Second, the course PE, i.e. 
the magnitude of theangle AFE. Third, the distance, viz. the length of the arc 
EP. . 

Note also, as a fuller explanation of the matter, that the six elements mentioned 
in the proposition are the six common elements of a spherical triangle, viz. three 
am?les and three sides, which in this subject are so called. 

i) Stevin invariably uses the word "distance", no matter whether it is taken along 
the great circle or the loxodrome. . 
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VANDE Z1LYLSTREKEN. 

grootheyt des houcx E A iF ,foo heeft de dr'ichouck A E F drie bekende palen,tc 
welen den [elven houck E A F 40 Ir. Voort de fijdeA E 8ó Ir. en A F 60 tr.deur 
l'ghcghevem Hier me ghefochrd'ander drkonbekende pillen, w~rden bevon
'den deur het 40 voodl:eJ der doorfche driehoucken VooI t'begheerde, te weten ' ' 
den houckA EFvoordeftreeck EF j5 tr; .11 0,wijckendefo vcrrevantnoor. 
den na t'oofien: Ende'C!en houck A F Evoorde ftreeckF E 10Q Ir.440, wijc
kende foo verre vant noorden 'OvcIt'wcften na het zuyden : Of anders gheCeyt 
vanweftenna zuyden 19U. 44 <!}.Ende de verheyt EF',f-2 tI.Ij 0.' ' 

VER V Q L ei H. 

TJS openbaer hoeme~ deur dcke drie ghegheven bekende palen,d'ander drie 
onbekende vinden fal, fuJcxdatternret noodichen is bef onder voorbeelden te 
befchrijven van die verfcheydenhederi in menichrereer veel vallende, te weten 
[es op e1cke begheerde pael'der fes palen. TB E S 1. v Y T. Wefende da.nvan 
l\Vee plaelfen gheghevcndrie palen defer fes: Rechte fireeck van d'eerfte plaels 
fone tweede: Rechte ftreeck vande tweede plaets tal d~eerfte: langdefdill: Schil
booch der breede van d' eerfte plaels: Schilbooch der breede vande tWeede plaets: 
\'erheyrder plaètfen: Wy hebben ghevonden d'anderdrie onbekende palen ; na 
~qa .,.., 

2 VOO R S TE L. 

Op rech te !l:reken te, (epen. 
Nàdiell ÎIjn Vo R S T F. i leK E G HEN A ti E gronddick verfiaen hadde 

den handel der feyling op "romffreken die hier na befchreven fahvorden ,en 
daer by verlijckende de rechte fin:k,cn datfe d.e confte wech gheven , foo heeft 
hem behoidick ghedocht, en d'oirdenlc vereyffchèn , regheIen befchreven te 
worden boemen die confie fireken foomen wilde feylen foude: Twelck oir
[aeek was dat \vy daer <lp letten, en t'gene ons van dies ontmoete by ghedachte-
nis fielden,daer afbefchrijvende twee voorbcelden,t'ecifte* tuychwerckel1ck, Mtt~ 
t'ander wifconnich~ 

'/ Voorheelt tuychwerckelick. 
TG HEG H E VEN. Laet inde form der I bepaling A en B twee plaetfen op 

den eencloot bereyckenen, A daer t'[chip af vaeel, B daert fijn moet. 
TB EGHE E RDE. Men wil een reéhte ftreeckfeylen vandeplaels beteye

kent met Aj totte plaets beteydent met B. 

TWERCK. 

Men fal van A tot B trecken een verborgen oft uytvaghelièkegroótfteronts 
booch;beteyckenendede rechle ftrceck die t'fchip feylen moet,àaer na t'punt A 
ghefteJt fijnde onder het * foppunt,en dan de fopbooch ghelcyt over B, Cy wijfi Punt1/J ",,,. 
inden fichreinder, neem ick,dat B recht weft van A light. Dit foö fijnde, men ,iruli. 
fal van A na B feylen recht Weftwaert an,by giffingdrie.of vier * trappen verre, GraJos. 
die commenj neem iek, van A lot H: Alwaer t'punt H gheteyckent-iijnde;men -
Jalt'brenghen int middachronl onder het loppUnt, den afpunt foo·veel verlee. 
ghende als de faeck vereyfcht,daer na de fopbooch andermaeJ geleyt over t.' punt 

H.. Bry 
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PROCEDURE. 
Since the arc GH is 40°, for the magnitude of the angle EAF, the triangle 

AEF has three known elements, VIZ. the said angle EAF = 40°; further tbe side 
AE = 80°, and AF = 60°, by the supposition. If by means of these we seek 
tbe other three unknown elements, the required values are found by the 40th 
proposition of spherical trigonometry 1), viz. the angle AEF for the course EF = 
55°51', deviating thus far from the north to the east. And the angle AFE for 
the course FE = 109°44', deviating thus far from the north via the west to the 
soutb. Or in other words: from the west to the south, 19°44'. And the distanee 
EF = 42°15'. 

SEQUEL. 
It is evident how from any three given known elements we must find the other 

three unknown elements, so that it is not necessary to describe special examples 
of those various cases, of which there are a great many, viz. six for each required 
element of the six. 

CONCLUSION. If of two pi aces three out of the following six elements are. 
given: course of the great-cirde track from thê first place tothe second; course 
of the great-cirde track from the second place to the first; difference of longitude; 
complement of latitude of the first place; complement of latitude of the second 
place; distance betweenthe places; we have found the other three unknown 
elements; as required. 

2nd PROPOSITION. 
To sail on great-cirde tracks. 

Af ter His Princely Grace had thoroughly understóod the method of sailing on 
loxodromes to be described hereafter and, having compared therewith the great
cirde tracks, had found that they give the shortest route, he considered it expedient 
and required by the order of things that mIes should be described of how those 
shortest tracks would have to be sailed, if this were desired. Which induced 
us to attend to this matter and to make a note of what we had found about it, 
describing two examples of it, the first mechanical and the second mathematical. 

lst Example, Mechanical. 

SUPPOSITION. In the figure of the lst definition let A and B denote two 
places on the earth, A the place from which the ship sails, B the place for which 
it is bound. 

REQUIRED. It is desired to sail on á. great-circle track from the place denoted 
by A to the place denoted by B. 

PROCEDURE. 
Draw fróm A to B an erasable arc of a great circle, denoting the great-cirde 

track to be sailed by tbe ship; if then the point A is placed under the zenith and 
the vertical cirde is made to pass through B, it indicates in the horizon, I assurne, 
that Blies due west· of A. This being so, onehiLs to sail from A to B due west, 
by conjecture three or four degrees further, which I assurne to be from A to H. 
And when the point H has been marked there, one has to bring it into the 
meridian under the zenith, lowering tbe pole as much as is required. If tben 

1) Stevin's Trigonómetry (Work XI; i, 13), p. 295. See Vol. II B, p. 755. 
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the vertical circle is again made to pass through the point B, it indicates in the 
horizon that Blies from H, 1 assurne, 3 degrees from west to south, and ac
cordingly one has to sail this course from H to B again by conjecture some 4 or 5 
degrees further, I assume as far as I. And when the ship has arrived there, one 
has to do there again as at H, where it will be found that one will have to sai! 
to B even more to the south than one did at H. And if the same is done until 
onr:: arrives at the place B, one has sailed on the required great-circle track AB, 
provided the distances AH and Hl and the like have been taken small enough. 
For even if instead" of on AH, which is a part of a great circle,. one sailed on a 
loxodrome, which is a. part of a srnall circle, arriving slightly more to the north, 
and if further, instead of on the other parts of the arc AB, one sailed on other 
loxodromes, which are parts of spirals, yet by taking these parts small enough 
one can cause this difference to be of no account. . 

Note that the procedure may be checked as follows: When the ship has arrived, 
I assurne, at H, and when it is then found by observation of the sun or the stars 
that the Iatitude on the earth corresponds to the latitude of H on the globe, this 
gives one reason to assurne that the ship has rightly sailed on thegreat-circlè track, 
which has to follow if the conjecture has been right. 

SEQUEL. 

If the sailing had to take place on the equator, it is obvious that one ought 
always to sail due east or west. But if it had to take place on a meridian, it is 
obvious that one ought always to sail due south or due north. 

2nd Example, Mathematical. 

SUPPOSITION. Let A and B denote two places on the earth, A the place from 
which the ship sails, B the place for which it is bound, C. the pole, DE the 
equator; the latitude of A is EA = 50°, and that of B is FB = 5°, and their 
difference of longitude is FE = 83°. 

REQUIRED. It is desired to sai! on a great-circle track fromtheplace denoted 
by A to the place denoted by B, and to find this mathematically, viz. by means 
of a calculation of spherical trigonometry. " 

Preliminary of the First Part of the Procedure. 

I draw from A to B an arc of a great circle, denoting the great-circle course 
on which the ship has to sail. Af ter this I produce the said AB until itmeets 
the equator; let this be in D. Af ter this I produce the arc EA until it meets the 
pole C; then AC will be 40°, for when we subtract EA =50° from" EC = 90°, 
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• tot datfe den afpUnt C ontmoet,en [al A C doen 40 tr. ,Want van E C 90 tr.ghe
'uwen EA ,SOlI. blijft voor AC4otr. S'ghelijcx treekickF Bvoorwaert tot 
datfe den afpuntC ontmoer.en,1à1 B C doen 8S tr. want van F C 90 tr.ghelroc;. 

,i:en FEs tr. blijft voor BC 8S tl.enden bQuek BCA,dicnsgrootheytmcgc
brochtwon van FE 83 tr.doclals,defdveoock83 tr. 

'I ~el des t"C/1)erex. 
Om eedl: te vinden op wat ftreeek men (al beginnen tC feylen van A na Blo, 

moet iek weten de groolheyt des houcx CAB. want foo veel-1àlmen moèterl 
feyIc:n van noorden na weften. Om tiaèr toe te commen, foo hec:fi den felven 
driebonek,C A B~rie bekende paleri J. deuI., t'bereytfcl. te weten den houek 

, BCASrtr.detijdeAC40Ir.enBC8stt. Hier Jlie gheroclndedric:onbe-, 
kende palen, worden bevondendeur het 40 VOOlfte1 der clootfche dIiehouc
ken; te welcn den houck CAB 92 tr. S 0, de langde: A B van d' een plae:ts tot 
d'ander 81 tr'4t0,en dcnhouckCBA 39tr.4S 0. Nu foo veehls doet den 
\1oorlè,hreven houck C A B,te weten 9z tr.S 0, fco veel falmen van A af moè
ten beginnen te fey len van noorderi over weften na zuyden • dat is 87 tr. S 2 <D 
-qan zuyden naweften. welckc feyling ghedilerl neem iek .. tI. verre tot G toe, 
fulex dal AG doel de fclve .. tr.' .'. . " . 

z 7Jereytjèldienendet'otiet2 dteldestVilerclt.·· 

Anghelien dal de vinding der ón~kende palen eens, drieboudt rondergbe • 
. gheven Iechth,?uck als dc, voorgacndc,mocydicker vaIt dan met ccn ghegeven 
rechlhouck,fo tullen wy een berC:Ylfel ftellen om int volgende te weIcken deur 
driehoueken meI een ghcghtven rechlhouck,aldus:De driehouck B F D heeft 
drie bekende palen,teweten den houckB F D recht, mette tijde F B S tI. deur. 
t'gheghe\'en ,en den houck DBFeven {ijnde mètten houckCBA, doet deut 
,'(cdk deel des wercx 39 tI"1-5 Q) :Hier me! ghefoch t den houck 0 • én de Lijdt 
D B, worden bevonden deur het 3 .... voorftel dèr clóotfchedriehoucken , te we. 
tendcllhouckDjotr. 2~0, ende tijde BD6tr. "7 0 , die verzaen tOt AB 
,al tr.41 0.COriltVooI AD 881(.-8 CD • 

. , . :z 1Jeel des t"C/1)erc:t. 
Om re viDc1en op wat ftrceck men fal beginnen te feylen van G nà B;ick treek 

van C deur G tOt int middelront E F.de booch CG Hals middachroDt , wad 
. me G H Deen rcchthouckich driehouek is, hebbende drie bekende palen, te we-' 
teridenhouekG H D Iecht, denhouckD ,otl. 2.60 deur heu bercYtfel, en 
de lij de G iJ 84 tr:8 0; want ADdoet 88 tr. 8 0 deUr het 2 bereylfe1, daer af' 
gheuocken A G docllde 4 tI. deur t'eerfte deel des werd, blijft alfboven voor 
GD 84 tr.4 0: Hier me ghefocht den hOllck HGD. wort bevonden deul het 
3+ vootftel der cloodèhe driehouckenyan 87 tI ..... 5 0 : En dp fuleke_D ftrec:ck 
van zuyden na weften moetmen van G feylen naB, t:wèlE:k 70 zuydelickér is 
danmen van A tot G fcylde, want ghelrocken 87 tr. 45 ® , vanS7 tI. j2 0. 
blijft de fel ve 7 0. Nu dan van Galdus ghefeyk hebbende foo verre men oir
boir verftaet, men fal om voorder te feylen daer weerom doen als an G gcdaen 
wicrt,en derghelijcke lotander piaetfèn foo lang datmen tot B coillt. 

MER C K T ten tdat hoewe1debovefchr,evc:n 7'0 zuydelieker tefcylenfo 
weynich is) datlet meteen feylende fchip niet gagefiagcn cn CUl wor,den,doch 

. , VCE-
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the remainder is 40° for AC. In the same way I produce FB until it meets the 
pole C; then BC will be 85°, for when we subtract FB = 5° from FC = 90°, 
the remainder is 85° for BC; and the angle BCA, whose magnitude follows from 
FE = 83°, like the latter is also 83°. 

lst Part of the Pr'1cedure. 

In order to find first what course one has to start sailing from A to B, I have 
to know the magnitude of the angle CAB, for thus much one will have to sail from 
north to west. To find this, the said triangle CAB has three known elements, by the 
preliminary, viz. the angle BCA = 83°, the side AC = 40°, and BC = 85°. 
When herewith the three unknown elements are sought, they are found by the 
40th proposition of spherical trigonometry 1), viz. the angle CAB = 92°8', 
the distanee AB from one place to the other 81 °41', and the angle CBA = 39°45'. 
Now as much as the aforesaid angle CAB amounts to, viz. 92°8', so much one 
will have to start sailing from A, fro~ the north via the west to the south, i.e. 
87°52' from south to west, which sailing èontinues, I assume, 4° further to G, 
so that AG is the said 4°. ' 

2nd Preliminary, Serving for the 2nd Part of the Procedure. 

Since the finding of the unknown elements of a triangle without a given right 
angle, like the foregoing, is more difficult than with a given right angle, we shall 
give a preliminary to operate in the following by means of triangles with a given 
right angle, as follows. The triangle BFD has three known elements, viz. the angle 
BFD = 90°, with the side FB = 5°, by the supposition, and the angle DBF, 
being equal to the angle CBA, by the first part of the procedure is 39°45'. When 
herewith the angle D and the side DB are sought, they are found by the 34th 
proposition of spherical trigonometry 2), viz. the angle D = 50°26' and the side 
BD = 6°27'; when we add the latter to AB = 81°41', we get88°8' for AD. 

'j. 

2nd Part ot the Procedure. 

In order to find what course one should start sailing from G to B, I draw 
from C through G to the equator EF the arc CGH as meridian, in consequence 
of which GRD is a right-angled triangle having three- known elements, viz. the 
angle GHD = 90°, the angle D = 50°26', by the, 2nd preliminary, and the 
side GD = 84°8', for AD is 88°8' by the 2nd preliminary, and when from this 
we subtract AG, being 4° by the first part of the procedure, the remainder is, 
as above, 84°4' for GD. When herewith the angle RGD is sought, it is found 
by the 34th proposition of spherical trigonometry 3) to he 87°45'. And that 
course from south to west one has to sail from G to B, which is 7' more to the 
south than the sailing from A to G, for when we subtract 87°45' from 87°52', 
this 7' is left. Now therefore, af ter having sailed thus from G as far as is con
sidered expedient, in order to continue one has to do again as one did at G, and 
similarly at other places until one arrives at B. 

NOTE in the first place that although the sailing of the above-mentioned 7' 
more to the south is so short a distanee that it cannot he observed in a sailing 

1~ Stevin's Trigonometry (Work XI; i, 13), p. 295. 
I ibid., p. 245, 
a ibid., p. 245. 
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'~rftáetiricn dact deur datfueil devólghcndê bOoch van G vooriwaCri grootei 
mach DeDlCD dan .. tr. Maer [00 d'eerfte booch te grootnadgenohie-D 'ge\vecft, 
(ulex dalmen op een minper, l1le~ fckerhe'yt fey"~en (:3.0, lis kennelic datmc:n dan 
,de,rckeningopeeD minder booch behoort te maken. Noch fta~t I,C: gedcnckcn 

,; dattcr'in ditvOOIbcelt op cvèn bOghcnmecrdc'r vcrandèrïngvak'by t' puntB,- , 
dan ,:erderdaciáf; want byB cómmendC ,men fálnióeten van iuydenna we.' , ' 

" fte~ fcylen alleencilick 3911.'450;, (deur diendenhouck DB Ffoo groot, is) " 
" • i)velÈ:lç ... SJr,' '7 0 ~riydelicker is dan d<ienmen an A'bègoft; alwactdenhJuck 

iB A E bcvonden\vièrt van 87tr • .s :2'@. ,:; " 
, : "'MÉ'RC'K T' ten' :ubt foomenbcgcerde te wctcn,debréedc van t~puntG.om ' 

, ,'oriderfouèkenoffe deur dadc1kke ervaring roobcvonden wort, als van dcrge .. , " 
Ikke int i'wych\vetckelick voorbeelt ghefey~ is, ; menfoudchier boven bcne. , 

: "vens'dén ,houckD'G Hdcs dtiehoucxD GH,rioch vindende fijde GH,wantfc ' 
,) ",: de bëgheerdebreedeanwijft.T BE.~LV ,Y:T~, Wy hebben dan op rechtefirc. 
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ship, yet it is understood thereby that the next arc from G on may be taken larger 
than 4°. But if the first arc had been taken too large, 50 that a smaller arc appears 
necessary in order to sail with accuracy, it is obvious that one must then make the 
calculation on a smaller arc. It should also be borne in mind that in this example 
with equal arcs the change is greater at the point B than further away, for when 
one gets to B, one will have to sail from south to west only 39°45' (because the 
angle DBF has this magnitude), which is 48°7' more to the south than when 
one started at A, where the angle BAE was found to be 87°52'. 

NOTE in the second place that if it were required to know the latitude of the 
point G, 50 as to ascertain whether it is found the same by observation as it has 
been said in the lst mechanica! example, in the above one would have to find, in 
addition to the angle DGH of the triangle DGH, the side GH, because it desig
nates the required latitude. CONCLUSION. We have thus sailèd on great-circle 
tracks; as required. 

3rd PROPOSITION. 

To draw loxodromès mechanically. 

Practical globe-makers use various means ahd tools for drawing loxodromes, 
each taking that which suits him best. We shall here explain one of them, not in 
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VANDE ZEYLSTREKEN. 9$ 
dienfullen wy hler veic1aren, niet om inde daet n2ghevolght te worden, macE 
om dattet wel uytdruektdengront van t'ghene begheert is,en daer na beter ge
daen moet fijn. Laet A Been doot fijn, hier op befchrijf iek eenich cIeendc.t 
rondt CD E F, diens midddpunt G,welck ront iek deelin 32 even deelen,trec-

. kc:ilde van daer tottet middel punt G 31 boghen,die my de 32 ghemeene ftreken . 
· beteyekenen. Hierin anfienickC G E voor de booch van no ort na zuyt, en . 
F GD daer "p rechlhouekieh voor de booeh van weft na ooft. Dit foo fiinde 
kk maeek ecn coper clootfche fcheefhouck G HIK op den doot patrende , en 

· hebbende de feheefheyt van een ftreeck,wanr foo veel doet den houek F G H. 
Nu ghelijck hier ghemaeckt isde dOOlfchefcheetbouck van· een ftreeek, alfoo 

· falmender meer maken tot feven toe , te weten voor eleke ftreeek een die tuf
fchen F C commen. Defe feven c100tfche fehecfhoucken bereyt fijnde, men 
fal riemen een ander doot L M N 0 vande fel ve grootheyt als A B,alwaer LN 
het middelront beteyckent ,Mdennoonfehen afpunt, 0 den zuytfchen, tuf. 
{ehen defe twee afpunten fijn middaehronden ghetrocken als MP. 0, M Q9, 

M. 

M R O,fnyende het middclront van trap tottrap inde punten P;<t,..R. Hierop 
teycken ick de cromftreecken als volght:Ghenomen dat ick eerft wil hebben de 
sromme nooItooiHlrcc~, Coo neem iek uyt de bovefc:hreven feven coperen 

. door.. 
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order thatit may be imitated in praetiee, but beeause it shows very weU the foun
dation of what is required, and because hereafter it ean be done better. Let AB 
be a globe; on this I deseribe a smaU circle CDEF,the eentre of whieh is G, 
which circle I divide into 32 equal· parts, drawing from there to the eentre G 
32 ares, .whieh denote the 32 eommon points of the compass. Herein I look upon 
CGE as the arc from north to south, and FGD, at right angles thereto, as the arc 
from west to east. This being so, I make an oblique sphe~ieal angle of eopper 
GHIK, fitting on the globe and having the obliquity of one point, for that is the 
magnitude of the angle FGH. Now just as here the oblique spherieal angle of one 
point has been made, in the samè way others have to be made, up to seven -
viz. one for eaeh point - whieh eome between F and C. When these seven 
oblique spherieal angles have been made, another globe LMNO of the same size 
as AB must be taken, where LN denotes the equator, M the north pole, 0 the. 
south pole; between these two poles have been drawn meridians, viz. MPO, MQO, 
MRO, interseeting the equator from degree to degree in the points P, Q, R. 
Upon this I draw the loxodromes as foUows: Assuming that I first want to have 
the loxodrome of northeast, I take out of the above-mentioned seven oblique 
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clootfche fched'houcken dien wdcke de noortooftftrccck· betcyckent , de felve 
fy R S T.v. diensfijde T V vervought is op een der middachronden , alsop 
M R 0 ,foo dat den houek des eoperen c1ootbouex paft op R ghemeene fne des 
middachrontsen middelronts L N,en treckvanRlangs R S een liniken tottet 
naefte middachront als totX: vcrvOUgh daer na den coperen fchcèfhoock opt 
iniddachron t M Q9,en alfo dartet houckpunt R dancomme an X: Treek: dae!: 
na van X langs de voorfchreven fcheefhoucx fijde het IIniken X Y.En alfoo 
voortgaendé na Z tot dat men den afpunt na ghenoueb is , of gheracckt ; men 
fal de cromme noortooftftreeek op den Eertc100t gheteyckent hebben: Wy 
fegghen hier boven tOt dal men den afpunt na ghenouch is, ofgheraeckt , doch 
wifconfteliek ghefproken en can niet gherocht worden, Wallt de flangueckfou- .. 
de oneynddick daer rOnlom loopen en :dtijt naerderen fonder gheraken; Mae!: 

~"'anit~. '* tuychwerckcJick can een fichtbaet afpunt gherocht worden. . 
IXur t'ghene wy tot hier toe shefeyt hebben vande teyckening der nOOIt

oofifireeck, isopenbaer de teyckeningvanal cl'ander cromllreken , en kenne .. 
lick hoemen tOt aBc plaetfen eens Eertc1oo1S decromme feylfirekc:n u:yckenen 
fal na fijn wille. TB E S L VY T. Wy hebben dancromftreken tuychwen:ke,. 
lick gbeteyckent, na den eyfch. .. 

VandeonfekerheJtiTJde'Voorgaende'Vt1~fl'VanteyckeniTJg. 
Wan t dellr de gheduerighe en menièhvuldlghe verfetting van defen toperen 

fcheefhouck RS T V onfekerheyt int wcrck can volghen , alfooom dergelijc
kercdenen oockcan in meerander tuych tot fukken eynde ghrmaeckt. of al. 
waerdc:r fckerheyt in dat fukx onbewefcn blijft: Soo ift te weten dat wy die 
manier alleenlick hierghefielt hebben,eenfdeels op darmen dacr deur verfiae de 
onfekcrheyt dieder is inde cromfireken alfoo op F..ertclooten gheteyckent. Ten 
an«ren om dattet wel vetclaert de gront en eyghenfchappen der cromfireken. 
daetmcn op bouwen mach wifconftighe wercking,dcur wekke de tuychwerc
keUcke meerder fekerheyt C1Jl crijghc:n,als blijden ful, c:c:rfibc:fchrc:vcn lijnde 

.de: tafclsals volght. 

4 va ORSTEL. 

Tafel der cromfirek.en te maken. 
Defomme defes voorficlsis,datwy ·moeten vinden in gheulen , hoe lanek 

dat fijn de boghen alsindcf6rm des 3 \'oorfielsQ X, P Y"endergelijcke, want 
die ghetalen bekent wefe(\de,en na den cyfch van dien punten gheteyckent als 
:I, Y, 4, b, Z,en van t'een punt tottet ander linikens g~JOCken,inen crijcht de 
bcgheerde cromftreeck. Het vinden Mer bogen foudemcugm aldus loegaen; 

EERSTE MAECKSEL VANDE 
TAF É L SDE R C ROM S T 1t EK E· N. 

Laet R Z noch eens de vierde cromfireeck beteyckenen ,daer afwy vinden 
w~llen de boghen~, P Y: Tot defen eynde fcgh ickdat de driehouck X @ 
dlle bekcndepalen heefij te Weten den houekXR Q 4.5 tr. den houckX Q R 
techt,en de fijde R Q.!.tr .Hicrme ghefocht defijde~ , wort bevonden dCUE 
het 36vOCirfiddea: dóotfchcdriehou.cken vanj~<D .19 ®.Omnutevinden 

dc1ini 
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spherical angles of copper the one which denotes the loxodrome of northeast; let 
this be RSTV, whose side TV has been placed on one of the meridians, viz. on 
MRO, so that the vertex of the oblique spherical angle of copper comes in R, 
the point of intersection of the meridian and the equator LN, and I draw from 
R along RS a short line to the next meridian, viz. X. Then place the oblique 
angle 'of copper on the meridian MQO, in such a way that the vertex R then 
comes in X, thereafter draw from X along the aforesaid side of the oblique angle 
the short line XY. And proceeding in this way to Z until one is near enough to 
the pole or reaches it, one has drawn the loxodrome of northeast on the globe. 
We said above: until one is near enough to the pole or reaches it, but mathema
tically speaking it is impossible to reach it, for the spiral must pass around it 
infinitely and always approach it without reaching it. But mechanically speaking 
it is possible to reach a visible pole. 

From all that we have hitherto said about the drawing of the loxodrome of 
northeast it is evident how all the other loxodromes have to be drawn and it can 
be known how in any place of a globe we shall draw the loxodromes we desire. 
CONCLUSION.We have thus drawn loxodromes mechanical!y; as required. 

Of the Uncertainty in the Faregaing Methad of Drawing. 

Because the constant and frequent displacement of this copper oblique angle 
RSTV may result in uncertainty in: the procedure, as may also 'Pappen for the 
same reasons with other tools made for this purpose - or even lf the procedure 
were certain, this remains unproved - it is to be noted that we have only given 
this method here, on the one hand in order that the uncertainty in the loxodromes 
thus drawn on globes may be understood thereby; on the other hand because it 
explains very well the foundation and the properties of loxodromes on which 
mathematical operations can be based, owing to which the mechanical method 
may become more certain, as will appear when first the tables have been described, 
as follows. 

4th PROPOSITION. 

To make a table of the loxodromes. 

The gist of this proposition is that we have to find the numerical values of the 
lengths of the arcs, viz. in the figure of the 3rd proposition QX, PY, and the like, 
for when these values are known and points have been marked accordingly, viz. 
X, Y, A, B, Z, and short lines have been drawn from one point to the other, the 
required loxodrome is obtained. The finding of those arcs might take place as 
follows. 

FIRST METHOD OF MAKING THE TABLES OF THE LOXODROMES. 

Let RZ once again denote the fourth loxodrome, from which we want to find 
the arcs QX and PY. To this end I say that the triangle XQR has three known 
elements, viz. the angle XRQ = 45°, the angle XQR = 90°, and the side 
RQ = 1 0. When herewith the side QX is sought, it is found by the 36th propo
sition of spherical trigonometry 1) to be 59'59". Now in order to find the line 
PY, I draw the arc XC parallel to QP;then PC will also be 59'59", like QX, 

1) Stevin's Trigorwmetry (Work XI; i, 13), p. 255. 
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VANDE ZEYLSTaEJtEN. 91 
deliniPY, ick:t.~eckdeboochX ccvcwijdich m~t Q..!,en falP cdanoockdOen 
59® S9 @,gebJCkQX: Sulc-x dattel vanden, dnehouék Y e X,.gevonden mOet,' 
worden de tijde c Y,om die te vergaren tOf pç,~n dan te hebben de booch P Y: 
BleI tQiheeft d~n felvcndriehouëk Y & Xdricbekendc: palen,tc weteriden houè 

, y Xc4Str.denhouckYeX Icchi.ende fljdeXe59 ® si@,wailtfoveeldoer 
dienlangderrapbuyten t'middelrom deQf ~e ghemeen~- tafel diemen daCla! 
maeckt,enhier na oock voighen fal;daer me ghefocht de fijde&Y, WOrt bcvon-

,aen deur het 36 vOÇJIftel der clóotfche driehoudten van .s90 57 0 ~ ciie ver
gaerttot Pc 590 j90 ;cQmrvoorPY I tI. S9(!:Uó,0 Jen {oo VOOrt met 

:d.md'ander. ' , ' 

TWEEDE MAECKSEL VA,NOE 
T:A FELS DER., C ROM S T R E KE N. 

" AnghdiCn het maken van volcommen tat'elsnade'vooJgaende eerftewijfè; , 
Jangher foude vallen 'dan my den tijt loelaet,foo fullen wy een ander ftdlcn, he· ' 
f,hreven en onlaricx uytgheghc:ven deur Edw4rt Wri.'Shl; want hoewelfecenigè 
onvolcommenheyt hebben daèr wy inden Arihang der äomilrekenbreederiû 
fegghen fullen,nochtans connenfe tot verclaring des voornemens dienen. ' , 

, T ottc:t makèh vande volgende tafels del Cromftreken WOrt cerft befchreven ' 
alsbereytfe1 een tafel der veJfaemdc:fnylijrien van 10 ® tot 10 ® aldus: 
Defnylij tl vaoJo CD doet. , -, Ioooo04z. 
Daértoèdefnylijn van 200 doende IOOOOl68comt 20000210. 
Dàeltocdefnylijnvan 300doendc: J000033J comt 30000591. 

En fo vooIl,macr eyntlick 1à1mc:n overal de vijf laetfte ktters affuye~ cn fal 
ccn tafel fijn als volght:· , , 

1 TAl'EL 
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so that of the triangle YCX the side CY has to be found, in order to add it to 
PC and then have the arc PY. Forthis, the said triangle YCX has three known 
elements, viz. the angle YXC = 45°, the angle YCX = 90°, and the side 

. XC = 59'58", for that is the value of this degree of longitude outside the equator 
by the common table which is made thereof and which is to follow hereafter. 
When herewith the side CY is sought, it is found by the 36th proposition .of 
spherical trigonometry 1) to be 59'57". When we add this to PC = 59'59", we 
get PY = 1 °59'56", and so on with the others. 

SECOND METHOD OF ,MAKING THE TABLES OF THE LOXODROMES. 

Since the making of complete tables by the foregoing first method would take 
longer than time permits me, we shall give another method, described and re
cently published by Edward Wright 2 ), foralthough they have certain imperfec
tion.s, which we shall discuss more fully in the Appendix of Loxodromes, yet they 
may serve to explain our intention. . 

With a view to' the making of the following tables of loxodromes, by way 
of preliminary a table is first described of the assembied secants, increasing by 
1,0', as follows: 
'rite secànt of 10' is 10,000,042 
If to this we add the secant of 20', being 10,000,168, we get 20,000,210 
If to this. we add the secant of 30', being 10,000,381, we get 30,000,591 

And so on; but flnally the five last digits must be discarded, and then the table 
will be as follows: . 

TABLE OF ASSEMBLED SECANTS 

degrees minutes. secants 

1) Stevin's Trigonometry (Work XI; i, 13), p. 255. 
I) Cf. Introduction, p. 482-483. 
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JO'" 4- BriVCltDBS E'EIlTC'LOOTSCH!UFTS. 

,Dit bereyif~~vandetafelckrverfaemdefnijllnc:n aldus gh~aen ûtndc:,thom 
nu tottet maken vande tafelsdexaomfueken recommc:n, (00 laet inde ,voor
gaendcform ltz bcteycken~nd'"dle cromllr~_cck, fulcxdai den houckX RQ 
desd,riehoucx-X R Qnu doe 7-&tI; ... .s ®.Om re vinden deboQch~. iek aen
tiede~ehouckXRQ.!Ootplar,om decIeeoheyt der Jijden ~en fegh datf~dr~e 
bekende palen heeft,te\VCten den houck X Q! Iecht,X R Qjs tr.4.s®,de ii/
de RRI tr. HÏeIme ghef~t de fiideQ.! WOI~ bc~oiiden d~r het4, voorfte. 
dci'platte driehoueken van str.! (9 , die lek inde volghende ,Iafclvan d' cerftè 
Cl'ORltU-eeck ikl byde breroen neven~ I tt.dc:t langde. Ont nu al de voJghénde 
~rccden defes.tafcls met corlheyt tc Vinden , iek. lieiudc voorgaende tafel de" 
\leifacmdi:fniJ1inenWat ghet:il daucroverconitmette bo\,e(chrçveil.s tr. I <D, 
en~vinde 3014, want de.s.tI. hebben 3óo4,en ~och lofijn h,et everedelicdeCl 
voor de I @~ Ditgbetal van 3014 dient myint gemeen tottet vindc:n der ~
falen vaaPY;4a, en-al d'andcrdierghelicke,t'wekkaldus tocgaet:T<?tte 3014,' 

, vergaert ander 3014 , oomt 60:8 , merop vjil~ iek t'o'verro~tnen înde VOOI
,gaende t:lfel d~ verfaemde fnijlinen 10 tI: De felvc fiel ickindcvolghende lafel 
wn d«tfie cromftrceck bydcbrceden nevens den Z Ir.der.langde,als voor P Y. 
Daer na vergaeriek totte 6018; andermael 30 I 4,comt 904.% , daer op \. inde ick 
t"overcommen inde voorgaendc:tafcl14 tI.S4- 0, de (dve fiel iek inde volgen- , 
de tafel nevMsdcn 3tr. dcrlangde)~1s voor J.s; En fo voon mcttercfi der (even 
Croin11:rekcn. ' 

• MER C K T dat kk totte voorgaende langden en breeden der tromftttken, 
noch vcrvougbc hacr verheden,dàt Gjn de langden der bogen R~, R Y,R 4.en 
dicrghelijckeom deur (behulp derfelvefondereertdoot of platte caert, maer 
allccnelidtdeur ghetalen , te bc2ntWoordcnde voorfieUen die vanrlen haniicl 
der eromftrekeo omgacn, en int volgbende befchreven ,fullen lij n. Defe vel

, heden worden aldusbekcnt. Om tea eelften te vinden de verb.eyt 1\ X,ick fcgh 
den drichouck XQ. R te hebben drie bekende palen,te weten den houek X <tS: 
recht,den houck XR.Q,.78 tt. 45 <D ,cn'tle lijde Q.X vans tr. I @. Hier me 
ghefocht de tijde l\ X, wort Ixvondcn dellr het 4- voorftel der platte dlichouc
nn Van S fr. 6® S ... ®,dieick ftel ind'eerfte ufel byde verheden nevens I tI. 
-der langde. Ten anderen om tc vinden de verheyt R Y, ick fègh den driehoud: 
y & X te hebben drie bekende palen,te weten den houd Y & X recht, Y Xç 1 S tr. 
'450;en de iijdeçY 4 tr.S9®.alsblijéldeurdetafel;wanttretkendePé 5 tr.10., 
als -even iijnde met ~X,van PY 10 tr. blijft voouY alfvooren 4 tr j9@:Met 
-dcfe drie bekende palen dan, ghefocht de iijde X Y. wort beyonden deur het 
4 voOrfielder plattedtiehoueken van S U.u CD '54 0,dievcrgaerttótRX.s tr. 
CS 0 H 0 ,eomt voor R Y 10 tr. 19 ® 48 ~, die ièk ftel in d' eerfie Clomfilécck 
bydevemeden nevens z tr. der langde. En alfoo fal ghevonden wordende'vel
heyt van R 'a. Dlet àl d'ander. ' 

Merdt dat wy defe verheden niet ()veral berekent noch gheficlt en, hebben. 
lllaef allcc[jelick foo veel als tOl ons volghende voorbcélden noodich fijn.«nf. 
deels dat de tafelen felfgheen gbenouebfàem voloommenheyt en fchijncnfc 
hebbcn,ghelijck ind~n Anhang breeder ghefcyt fal worden jals oock dlu belet 
van ander faken ons t'fe1ve niet toe en la,et : Sulcx dat hierallecneJick de wijfc 
gheroortt is, en open pJaets gheJaten om die te mcu!hen volmacckt woEden, 
,by de gbenc diedc:( Iud en ghdegh~ntheyt toe moauCJl hebben. -, , 

TAPEL 
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This pre1iminary of the table of the assembied secànts thus having been made 
and in order to eome now to the maldng of the tables of loxodromes, in the 
foregoing figure let RZ denote the first loxodrome, 50 that the angle XRQ of 
the triangle XRQ is now 78°45'. In order to find the arc QX, I look upon the 
triangle XRQ as a plane triangle, on account of the smallness of the sides, and 
say that it has three kIiown e1ements, viz. the angle XQR = 90°, XRQ = 78°45', 
the side QR = 1°. When herewith the si de QX is sought, it is found by the 
4th proposition of plane trigonometry 1) to he 5°1', which I put in the following 
table of the first loxodrome in the column of the latitudes, against 1 ° of 
longitude. In order to find all the subsequent latitudes of this table in a brief way, 
I look up in the foregoing table of assembied secants what value eorresponds to 
the above-mentioned 5°1' and find this to be 3,014, for the 5° makes 3,004, 
and 10 more is the proportional part for the 1'. This valueof 3,014 serves me 
in general to find the values of PY, DA, and all other similar elements, which 
takes plaee as follows. When to the 3,014 we add another 3,014,we get ~,028. 
Corresponding to' this I find in the foregoing table of assembied secants 10°. 
I put this in the following table of the first loxodrome in the column of the 
latitudes, against 2° of longitude, viz. for PY. Then to 6,028 I add onee more 
3,014, which gives 9,042. Corresponding to this I find in the foregoing table 
14°54'. I put this in the following tabie, against 3° of longitude, viz. for DA, -
and so on with the rest of the seven loxodromes. 

NOTE that I further place behind the foregoing longitudes and latitudes 
of the loxodromes their distanees, i.e. the lerigths of the ares RX, RY, RA, and 
the like, in order to solve by these means, without a globe or a plane chart, but 
only by numbers, the propositions which concern the subject of loxodromes and 
which are to be 'described in the sequel. These distances become known iJ;! the 
following way. To find first the distance RX, I say that the triangle XQR has 
three known e1ements, viz. the angle XQR = 90°, the angle XRQ = 78°45', 

. and the side QX = 5°1'. When herewith the side RX is sought, it is found by 
the 4thproposition of plane trigonometry '1) to be 5°6'54", which I put in the 
first table in the column of the distances, against 1 ° of longitude. Second, to find 
the distanee RY, I say that the triangle YCX has three known elements, viz. the 
angle YCX = 90°, YXC = 78°45', and the side CY = 4°59', as appears from 
the tabie; for when we subtract PC = 5°1', as bëing equal to QX, from PY = 
10°, the remainder is, as before, 4°59' for CY. When with these th ree known 
e1em~nts the side XY is then sought, this is found by the 4th proposition of plane 
trigonometry1) to he 5°12'54". Whèn we add this to RX = 5°6'54", we get for 
RY 10°19'48", which I putln the table of the first loxodrome in the column of 
the distances, against 2° of longitude. And in· the same way the .distance RA. and 
all the others have to he found. 

Note that we have not calculated or noted these distances everywhere, but only 
as far as they are necessary for our subsequent examples, on the one hand 
because the tables themse1ves do not seem' to be sufficiently accurate, as will be 
discussed more fully in the Appendix, but also because we are hindered by other 
matters from doing so, so that here the method only has been shciwn, and a 
blank has been left, to be completed br.. those who have a mind and an op
portunity to do so. 

1) Stevin's Trigonometry .(Work Xl; i, 12), p. 147.· 
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T A"FEL S 
DER 

CR OMSTRE'KEN. 

TABLES OF LOXODROMES1). 

Pirsl Loxodrome Second Loxodrome 

Longitude 
(degr.) 

Latitude 
( degr.,min.) 

Distanee 
(degr., min.) . 

1) We reproduce the tables for the first and for the second loxodrome, and (on p. 539) 
the end of the table for the seventh loxodrome. . . ". 
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Ia 6 4o:B 0 v CK DES EElt T C LOOT SC H RIF T S, 

'fOt hier toe fijn be[ehreven defeventafe1s derf even cromfireken,Angaen
de de aehrfie die is altijt een ront evewijdich vant middelront J fulcx dattet in 
breedegheen veranderingerijghende, [00 en valter \'an fijnbreedefehil niet te 
fegghen, matr alleenlick van fijn verheydc'n , tot welcxeyndéde volghendc 
tafel dient. 

VANT MAECKSEL DES 
tafels der achtflecromjlreeck.: 

Om eerfi deur een form teverel:uen den fin des volghenden .tafels , fóo·laec 
A .B e Deen e100t fijn diens middelront A BeD ,el1 afpunt E, waer op be
fehreven is een deen der rondtF G H, voort fy debooch e D van I tI. als lang
defehil tuifehenCen D, en ghetroeken de tWee viclendeelCn Ionts ED. EC, 
fniende het deendel rondt in F en G ,foo doet G Dneem iek 10 tI. als breede
fehil tliffehenD en G. 'Dit foofijnde de booch F Gdoet 1 tr. derlangde, en 
dat 1 otr ~ verre buyten t'middelropt, welckeboaçh·openbaerlickclèender n10et 
fijn dan De I tr. des middeltonts. Nuis 
t'voornemenhier te vinden 'hoe veel I tr. A 
F G Janghdefchil buyten 1'middelront ~te ,~ 
weten op lotr. derbrécdeDG) doet lil '\ \ 
CD en 0 des middclronrs: Dat is, de lang
d,F G vcrvoughtfijndc opt middelronr, 
,van hoe veel 0 en ~ die daer bev()nden B 
falwOIden. Dit verfiaen wefende wy 
fullen totlet voorbeelt eommen. ' 

TGRE GH EVE N. Hetfy! tr.langdc
fchil buyten t'middelrondt op 10 tr. der 

breede. TBEGl{EERDE. Wy moe- De 
ten fijnsrootheyt vinden in 0en 0 des 
middelroms. 

TWERCK. 
Reehthoucx houckmaet. 
Gheeft fehilhouex houckmaetvande ghegheven 10 tr. doende 
Wat I tI.des middelIants doende. 
.Comt voor t'beghè:erde. 

Ghelijck inde voJghende tafel fiaet,en al[oo met allen anderen. 

TBEWYS. 

10000000. 

9 84 8078• 
6o®~ 

S9® s0. 

Ghelijckde halfmiddellijn vaneencloots grootfie ront,als t'middelront; 
l' atle halfmiddellijn van haer deender rondt, als het c:vewijdichIOndt opdc 

JO tr. derbreede; , .. . 
Alfoo de booch eens traps des groollle of middelronts; 
Totte booch eensuaps des deender ronts op de 10 tr. der breede. 

MaeI de halfmiddellijn eensmiddachronts, is even ande halfmiddellijn des 
middeJroDts,die ghenomen wortop Jooococo,alsrechthouckmaet:En de half
middellijn des Iondls befl;hIcven op de bIeedc van la tI. is int middachrondt 

houd-
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Up to this point the seven tables of the seven loxodromes have been described. 
As to the eighth, this is always a circle parallel to the equator, so that, since its 
latitude does not undergo any change, nothing can be said about its difference of 
latitude, but ooly about its distances, for which purpose the following table 
serves. 

OF THE MAKJNG OF THE TABLE OF THE EIGHTH LOXODROME. 

In order first to explain by means of a figure the sense of the following tabie, 
let ABCD be a globe, whose equator is ABCD and the pole E, on which a small 
circle FGH has been described. Further let the. arc CD be 1°, viz. the difference 
of longitude between C and D, and when the two quarter circles ED and EC 
intersecting the small circIe in F and G have been drawn, 1 assume that GD is 0 
10°, viz. the difference of latitude between D and G. This being 50, the arc FG 
is 1 ° of longitude, 10° outside the equator, which arc must obviously be smaller· 
than DC = lOof the equator. Now the object is to find how much 1 ° (FC) of 
difference of longitude outside the equator (viz. at 10° of latitude, DG) makes 
in minutes and seconds of arc of the equator, i.e, when the longitude FG has 
been placed on the equator, to how many minute!> and seconds of arc this will 
be found lo amount there. This having been understood, we shall pass· on to the 
example. . 

SUPPOSITION. Let there be 1 ° of difference of longitude outside the equator 
in latitude 10°. REQUIRED. We have to find its magnitude in minutes and 
seconds of arc of the equator. 

PROCEDURE. 

Sine of a right angle 10,000,000 
Gives sine of complement of the given 10°, being 9,848,078 
What does 1 ° of the equator give, being 60' ? 
The required value is . 59'5". 
As is to be found in the following tabie; and the same applies to all the others. 

PROOF. 

As the semi-diameter of a great circle on a sphere, viz. the equator, 
To the semi-diameter of its smaller circIe on said sphere, viz. the parallel in 
latitude 10°, 
So the arc of one degree of the great circle or equator 
Tothe arc of one degree of the small éircle in latitude 10°. 

Now the semi-diameter of a meridian is equal to the semi-diameter of the 
equator, which is taken to be 10,000,000, viz. the sin~ of a right angle. And the· 
semi-diameter of the circIe described in latitude 10° is in [the plane of] the meridian 
the sine of the complement of the arc of 10°, i.e. the sine of 80°, being 9,848,078. 
Therefore, as 10,000,000 

to 9,848,078, 
so the arc of one degree of the great circle ~r equator 
to the. arc of oae degree of the small circIe in latitude 10°. 
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VANDE' ZEYLSTREKEN. 

houckmaet des fchilboochs van 10 lt. dats houckmaet vàn 80 tr. doende 
9848078: Daerom 
Ghelijck loo~o. 
Tot 98+8078: 
Alfoo de hooch eens traps des grootfie ol'middelronts, 
Toue booch eens traps des deender rontsop de ro tr. der brcede. 
. Maer 10000000 ghevende 98+8078. foo fal 60 ® gheven 59 ® s ® dcut 
t'wercki daèrom J 90 j CD is t'begheerde;t'wclck wy bcwijfen moeften. 

MERCKT. 

Alfoo fijn V Ó 1l ST ELI C KEG HEN AD E t'voorgaende benuyt ghde1i:l1 
hadde en ghdien voJcommen te wefen, fcyde daer op hem ghedachtich te fijn 
dat hy voormae1·derghe1ijckegrootheyt ·eens boochs als van F tot G • ghefoch~ 
hadde deut rekening der cloolfche dIiehoucken, om dalfe als van dootfche fior 
voJcommender is dan rekening ghelijckde voorgaende : Ma.er overdenckende 
de red:en van dit verfchil,feyde metonderfcheyt d' een wijfe te 'dienen tot befiuyt 
op een vraegh van cromftreken,d'ander van rC"chtftreken. Als by voorbeelt be
geert fijnde hoe lanckde wech valien fal om te: varen van F tot G op een erom. 
ftreeck,' datS hier de booch eens deender ronts. de vol'commen wercking 1àl 
ghedacn worden alfvooren : Maer fukken langdc begheen wefende: van F tot 
G opeen rechtfireeck,dats de booch eens g·rO'Otfte ronts, de voIcOll1men Were-· 
king belbeI dan in rek'ening der doolfchedrièhoucken. 'I'welckick hic:rhc:b 
willen atlteyckenen • eenfdeeJs rot ghedachtnis: Ten anderen op dat de ghenc 
dien fulcx duyfierder ontmoeten mocht,hier me verlicht fy. 

T'maeckfel des tafels dan aldus verclaert fijnde;wy fullen de tafel befchrijveD, 
gheuodt;en uytCofmogralhia Ptlric..4fi4nif4rtt prim4 C41.13 .als volght. 

M 3 ACHT. 
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But since 10,000,000 gives 9,848,078, by the procedure 60' will give 59'5"; 
therefore 59'5" is the required value; which we had tri prove. 

NOTE. 

When His Princely Grace had read the foregoing conclusion and had seen it 
to be çorrect, he said he remembered. having formerly sought such a magnitude of 
an arc' as that from F to G, by a calculation of spherical trigonometry, becatis~, 
the matter being concerned with spheres, this is more correct than a calculation 
like the foregoing. But reflecting on the reason of this difference, he said that a 
distinction had to be made here, viz. that the one method served as a solution of 
a question concerned with loxodromes, the other of one concerned with great
circle tracks. Thus, for instance, when it is required to know the length of the 
route when sailing from F to G on a loxodrome, i.e. in this case the arc of a small 
circle, the correct procedure has to .be as beforè. But when this length is required 
from F to Gon a -great-circle track, i;e. the arc of' agreat circle, the correct 
procedure then consistsjn a calculation of spherical trigonometry. I wanted to note 
this here, on the one hand to show that it has been thought of, on the other 
hand in order that those to whom this should appear obscure might he enlightened 
by it. 

The making of the table thus having been explained, we shall descrihe the 
tabie, taken from Cosmographia Petri APiani parte prima cap. 13, as follows: 

EIGHTH LOXODROME, which is a table of the magnitude of 
lOof difference of longitude outside the equator in minutes and 

seconds of arc of the equator. 

In this 
lati~de 

i 

(degr., min.) 

lOof differ. of 
longitude gives 
the following 

distance 
(min., sec.) 

" o 
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ACHT S T E CR 0 M S TP.. E E ex, T WEL C 1< 
. is«ntafelvan t'ghene ltr.lan,gdCfcliilbuytent~&llid~ 

de1ront,doctin (D,en ® ~c:s Illiddelron tso . " 
. . .'. '. 

4 8 50 
- -

48 3Z 
- -
48 14 

r- -
47 5.S -----
47 36. 

- -

10 3 S8 S9 .--

~ 
0 58 53 - -

IJ 30 58 47 

I2. 0 58 .p 

12 30 58 34 
- -

13 0 S8 2.7 
-

13 30 58 2.0 
--I 

14 0 S8 13 - -
I, '1 ~~ 
[5 0 57 57 

I Ij ~ h ,./ 

18 

IS 

19 

19 

19 

• ! 
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ACH T S Tl!, C 1\ 0 M S T 1\ E RC K, T W Ii LeK 
is een tafel van t'ghene I u.,laogdefchil' buytcn 'tmid

delrom,doct inC!) en 0 des middelronts. 
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o 37 45 
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36 31 ::'6~f 3~ 
68 0 H o 36 ' '6 
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53}O 35 , 4'1 68 30 

54 0 T-~·~ ::,691 0'-

, 5~11 I~~ 26 ,(S9 3Ó 

-;;\ ,0 I~ 2+ '70 0 

7sITo :~. 59 2.6 70~1 
- 2.6'-1 
56! ,0 B 33 71 0", 19 32· 2.6 __ I 

'\ j6~33 %6711 30: 19' 2. 

~ O~' -l:' 4 26: 72./C?j 18 3
2 

~.;:: ~_I_ 2772 ~I 18 2. 

S8 , ' 31 47 ,73 '0l 17 32 

'S8 301 31\ 21 27, -;;~ 17 2. 

" ", 'Ol .01'" %7 '..J' 0 16 32 30 
,,59 ,I" ~ I Hl ' 7 1 " " ' 

~59 30\ ~r 27\2
7 3-3 ,-I '~2 30 

- -\- 2.7 -\- -- JO 
60 ° 30 ° , 75, 0 I53i 

-;-;; 1~1~1271~1-;;.,15 -;l' 30, 

1- -1-1:7 -1- I - 30 

31 , 
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1140 4 Bovcr. DES EUtTCLOOTSCHRlFTS, 
Aldus dan inde voorgaende tafels befchrevenfijndederfevencrom/.1:reken 

luccden in ydermiddachbooch die van trap tot ttapgerrockcn tiJn, (0 iLt open
baer 'hoemendaer me'met grooce fekerheyropeen Eertdoor de cromllreken 
fal,meughen reyckcnen, wantde punten der breede ghe/.1:eltna (behooren ) en 
van,d'ctn totd!ander linil.r.ens ghetrockcn, men oomt totter begheerde. Oock, 
dienen de rel ve rafelen om te Hen of crom'ftreken op Eerrclootellofplattecaer
ten wel gheteyèkent fijno 

VANT MAECKSEL DER 
C OP ER eRO MS TREKEN. ' 

Maerwanttét tot verclaring der nabefchteveri voodrellen beql1amer foude 
vallen, en oocktottetghebruyck in veel voorbeelden mi'jns bedunckens niet 
ongerievich, datmende feven cromftrekcnvan caper 'maeék, om 'die te leggen 
op yder punt des doots daermen wiJ , en alfoo ten -eerften fbeghccrdc te Cien, 
fonder noodkh tewe[en decromftreken opeen Eencloot te lcycke'nen :Ofgc:.. 
teyckent fijnde [onder te moeten doen demoeylicker wercking dan uyt vol.' 
,ghende, 100 fullen wy daer af wat breeder uytlegging'doen als volght: 

, Op een Eertélootghcieyckent lijnde een cromfireeck nadc wiife alfboven, 
nek neem de voorfchreven noorroo/.1:ftreeck RX Y Z;we[ende een vierde;men 
l1àl maken ceD derghelijcke van coper, weleke anghewefen wort mette volgen
deform elg ~ welverfiaendedat de cant daer elg ancomt, de eyghen lini als 
RX YZbediet,Waelan noch vervoughtis hetftickh i, op wiens uyter/.1:e cant 
b i, de }iniefg rul eken houck maeckt, als R X Y Zopt middelront L No Dcfe 
lOOper Ó'Omftreeck won· oock ver/.1:aen te hebben een clootfche, hollicheyr;, 
2WQf. daûe op cb1 GlOOt gheleyt die: ovaal gheracckto 

Voort ghelijck hier gemaeckt isdefe coper noorrooftilreeck, oock dienende 
\'OOr zuytweUftreeck,alfoo (almen maken cl'ander fes, tOlàmen feven:En nocl1 
/lUlde [even ander, van vakeeldCghdláJt dervoorgacndc J als by voorbeelt de 

fOlm 
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Af ter the description in the foregoing tables of the latitudes of the seven 
loxodromes in each of the meridians drawn from degree to degree, it is dear. 
how witb the aid of these we shall be able to draw the loxodromes with great 
certainty on a globe, for when the points of latitude have been properly marked 
and small lines have been drawn from one to the other, the required loxodrome 
is obtained. The said tables also serve to ascertain whether loxodromes· have been 
drawn correctIy on globes or plane charts. 

OF THE MAKING OF THE COPPER LOXODROMES. 

But since it would be more suitable for the explanation of the succeeding 
propositions - and further in my opinion not intonvenient for use in many 
examples - to make the seven loxodromes of copper, so that we may put them 
on any desired point of the globe and thus see at once what was required, without 
thenecessity of drawing the loxodromes on a globe, or, if they have been drawn, 
without having .to perform the more difficult operations following therefrom, we 
shall explain this somewhat more fully, as follows: 

Af ter a loxodrome haS been drawn on· a globe in the above way - I assume 
tbe aforesaid loxodrome of northeast RXYZ, which is a fourth loxodrome - we 
should make one like it of copper, which is denoted by the figure efg below, it 
being understood that the side on which efg comes stands for the line RXYZ 
itself, while the piece hi has been attached therèto, with whose outer edge hi 
the line efg forms the same angle as RXYZ with the equator LN. This copper 
loxodrome is also understood to be spherically concave, so that, when it is placed 
on the globe, it touches the latter everywhere. 

Further, just as this copper loxodrome of northeast, also serving for the loxo
drome of southwest, has here been made, in the same way the other six should 
be made, seven in all. And seven more of them, having the opposite shape to 
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fOlm}, wefendevitn verkeardè geftalt dernöortóoftfireeck tfg,dienende totte 
.... noortweftftreeck, en ooc~ tötte zuyrooftftreeck. Noch machmen defe Copa 

. cromftreken teyckenen met ghêtalen, d'eerfte men, de tweede met z ·en foó 
.... voort, cim daer deur·meteen opuen te Weten de hoemenichfie clckis. J . 

Angaende de: 7 cromftreeck veel keeren [oude hebben, endaerom flap fijn,· . 
Jillen foudefe(lllet Ocel ander ft~eken diet nóodich hadden) meughen verftijven 

ghelijck defe form anwijft,of anders mochtlllen tot een cromftreeck verfchcy_ 
den fiuèkeh maken. T BE SL V Y T .Wy hebben dan cromftreken ghctcyc
kent; nà den eyfch •. 

5 V 0 OR STE L. 

Wefendeghegheven Iangdefchilen breede van:tvvee 
plaetren evenerbreede: Te vindcn haercromftreecken 
vc:rheyt. 

MERCKT.-

Wy (uIlen in dek der :volghende voo~ftellen drie werckinghen befchrijven, 
d'eerfre roette copa áomftreeck,de twctde mette gecromftreeckten Ec:rtcloot, . 
die beydé * tuychwerckèlickfijn,de deriie* wifconili,h daiu getálen, uytgeno. Mtt"_~. 
men in dit en ['eerftvolghendevoorfiel, alwaer geen weIck meuecopercrom lt!atbtVit&
fueeckcnvalt,om darter gheen achtfte coper cromftreeck als onnoodich lijnde tICè., 

ghelllaecktenwien. TGHEGHE VEN. Laethetlangdefchilfijn van 30 tr; 
en baet 
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the foregoing ones, as e.g. the figure kj having the opposite shape to the loxo
drome efg of northeast, serving for the loxodrome of northwest, and also for the 
loxodrome of southeast. Further these copper loxodromes may be marked with 
the number of each, the first with 1, the second with 2; and so on, so that one 
may knowat a glance whlch of them is meant. . 

Since the 7th loxodrome would have many windings and accordingly would be 
linip, we might stiffen it (as weIl as other loxodromes which might· need it) as 
shówn in the figure below, or ot4erwise we might combine several pieces to form 
one loxodrome. CONCLUSION. We have thus designed loxodromes; as required. 

5th PROPOSITION. 

Given the difference of iongitude and the latitude of two places -of equal 
latitude:to find their loxodrome and -their distance. 

NOTE. 

In each of the föllowing propositions we shall describe three operations, the 
first with -the copper loxodrome, the second by means of theglobe with the 
loxodromes drawn thereon, both of which are mechanical operations, the third 
mathematical, by means of numbers, except in the present and the next propo
sition, where no operation with the copper loxodrome takes place, because no 
f!ighth copper loxodrome has been made, this being unecessary. 

." 
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142 4- Bo V cx DE S EER TC LOOTSCH'ltIFTS, 

en haer breeden 24 tr. TB EG H EER. DE Wy moeten haet clomftrecck en ~ 
verheyt vinden. 

I VVercftmetten ghecromflreeck.!m Eertcloot. 

Anghefien de twec ghegheven breedeneven fijn ,fóo moet deur ghemeene 
reghtl de beghecrde cromfireeck de achtfie we[en.dat is"de'oolhn wefiftreec~ 
fulcx dar daer toe niet anders te doen cn is. 

Angaende de verheyt kk [egh aldusjfoo de tWee ghegheven plaeifen op den 
Eertdoot gheteyckcnr fionden , en vallende op een evewijdich rondtmettet 
mid.delront;meri fal den pafièr fo'nau openen,d;ude rechte Hniruffchen de twee 
voeten verdoch(,gheen hinderlick verfèhil en hebbe vande cromme desronts 
dienien meren moet, als opening van 1 tr.meer ofinin, na dat de'cromheyt des 
voorghefiddcn ronts vereyfchr,wam meerder cromte hebben de bogen byden 
af plint dan by t'midddroót: T'we1ck foo fijnde ,men fal fien hoedi<:kwils die 
opcnhe.yt des paffers'co/mt inde booch tullèhen de twee plaetfen , daer nae de 
nappen t'famen vergacrr,men fal in dit \'oorbeelt welghenouch gewrocht lijn
de,vinden yoor bcghccrd.e vcrhe)'t 27 tr. 240. 

Macr foode twee gheghevenplaetfen op'den Eertcloot niet en flonden,men 
fal twee u)'tvaghelicke punten {tellen optghegheven langdefchil en breeden, 
die ghebruyckende voor ghegheven. 

Maer foofe niet recht en vallen opeen gheteyckent evewijdieh ront,men fal 
int meren des boochs de pafièr altijt doen gaen evewijdich van het naefieeve
wijdich ront,t'welckfoot u byderooghc niet nauwe genouch ghedaen en wier
de,deuI t'bëhu) p van een ander pafièr gh e[chien can, 

ME Re KT. 

De vraech mocht nu fijn hoe \'eel mijlen dcbovetchreven 27 tr. 24 CD trla. 
ken,maer infiende de verfcheydenheyt der mijlen in verfcheyden landen,fo en 
canmen daer afim ghcmeen niet [ekers fegghen.,Sulcx dat wy hier en oock int 
volghende,dcvcrheytalleenlick deur tr. en CD befchrijven , die dek verkeeren 
mach in fuJcke mij Ic: 11 alfi hem belieft. Den trap won van velen gheaeht lanck 
te we[en ontrent 1811yren gaens eens ghemeenen ganex: Een dier uyren won 
ghenomen op 8000 frappen, ooek 'op ljOO Rijnlant(che roeden, dar comt den 
1lapop-2~Rijnlant[che voeren. Doch t\vaer te wcnfchen dat Stierlien int ge
meen trappen e110 ghcbruyckten,om malcander int ghemeen te verflaen, 

2 VVercft door ghetalen. 

Anghefien de twee ghegheven breede e\'en fijn, foo moet deur ghemeene 
Iege1>al~ oock int I werck ghe[eyt is,de begeerde cromfireeckde achtfie wefen. 

Omnu·de verheyr te vinden,ick fouc inde tafel des 8 i:romfiteecx int 4 voor
fiel deghegheven breede van 24tr. en daer nevens wat verheyt tot die pI acts 
overcomt op I tr.langdefchil, bevindc54 CD 48 ®:Hier me feghick, ltr.lang_ 
de[chil,doettot defe pbers 54 CD 48 ® "erheyt, wat de gheghevcn 30 tr. lang
defchill Comt voor begèetde verheyt 27 rr.24 ® :waer af t'bewijs deur t'werck 
operibaer is. TB ES LV Y T. Werende dan ghegheven langdefchil en breede 
van twee plaetfenevener breede , wy hebben ghevondcn haeI cromfireeck en 
verheyt)ua deneyk:h. 

MIRCKT. 
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SUPPOSITION. Let the difference of longitude hetween the places be 30° and 
their latitude 24°. REQUIRED. We have to find their loxodrome and their 
drance. 

111 Procedure, by meanI of the Globe wilh the LoxodromeI Drawn Ihereon. 

Since the two given latitudes are equal, by the general rule the required loxo
drom~ must be the eighth, i.e. the, east and west loxodrome, so that nothing else 
bas to he done about this. ' 

As to the distahce, I say as follows: if the two given places are marked on the 
globe and fall on a circle parallel to the equator, one must open the compasses 
so little that the straight line imagined between the two points does not differ 
appreciably from the arc of the circle that has to be measured, viz. an opening 
of about one degree, as the curvature of the circle in question requires, for ares 
near the pole have,a greater curvature than arcs near the equator. This heing so, . 
one must aScertain how of ten this opening of the compasses is included in the 
are between the two places; the degreesafterwards being added up, in the present 
example - if the procedure has been exact enough - one will find 27°24' for 
the required distance. 

But if the two given places are not marked on the globe, one must mark two 
erasable points having the difference of longitude and the latitude given, using 
them as if they were given. 

But if they do not fall exactly on a drawn parallel, in measuring the arc one 
must always keep the compasses parallel to the nearest parallel, which, if it should 
not be done accurately enough at sight, can be effected with the aid of another 
pair of compasses. 

NOTE. 

The question might now he asked to how many miles the above-mentioned 
27°24' corresponds, but considering the inequality between miles in different 
countries, in general nothing can be said with certainty about this. So ~hat here 
as well as in the sequeI we shall only descrihe the distance in degrees and minutes, 
whieb everyone may reduce to sueb miles ,as he pleases. A degree is considered 
by many people to be equivalent to about IS hours' walk at an ordinary pace. 

,One sueb hour is taken to he S,OOOpaces, also 1,500 Rhineland roods, so that one 
pace is 2 1/4 Rhineland feet. But it were to be wished that navigators generally 
used degrees and minutes, so as to understand each other generally. 

2nd Procedure, by NumberI. 

Since the two given latitudes are equal, by the general rule, as has also been 
said in the lst procedure, the required loxodrome must he the eighth. 

Now in order to find the distance, I look up in the table of the Sth loxodrome 
in the 4th proposition' the given latitude of 24°, and against it I see what 
distance corresponds in that place to 1 ° of difference of longitude, for' whieb 
I find 54'4S". I now say: lOof difference of longitude gives in this place a 
distance of 54'48"; what does the given difference of longitude of 30° give? 
We get 27°24' for the required distance; the proof of whieb is evident from the 
procedure. CONCLUSION. Given the difference of longitude and the latitude 
of two places of equal latitude, we have thus found their loxodrome and their 
distance; as required. 
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. 'VA NDEZEYLS Tlt~KEN. 
MERCKT. 

'" Soode gheghevenghetalennkt gant(chelicken overq~a:men .mette ghdà- . 
len inde tafç.1 bef(hreveQ, men [oude (fo'o hieralsindevolghende·voorfieIlen) .. 
om t'begheerde [eer na tecrijgh.eri, vil1geriwathetvoergefielde ghccal cygent- .. 
lick toecomt,gheli;ck in ander tafels ghebruyckt WOrt, en foo daet voorbedt af 
is int 11 voorlkl des hOllckmaetmaeçkfds. 

6 VO ORST Ë L. 
We(cndeghegcven verheyrèn breedevan tYv~e plae~ ... 

· fenevenerbreede: Tevindc:n haer crömftreeck en lang;;. 
· de{chil. . . . . .' . 

. TG H EG H E VEN. Lae! tweer plaetfenverheyr fijn van 27 tt. 24 0,en hàer' 
brecdcn 24 tr. TB EG H EER D E. Wy moeten haer cromftreeck en langde:-

f,hilvinden. . 
. . ... . . . 

1 . VVerck.. metten ghecromflreeckten Eertclo"t. 
Anghcliende tWee ghegh~ven bre~den even fijn,foo moet deur ghcmeene. 

teghcJ als iritl weick des j voorfie!s ghefeyt is ,de beg heerde cromfireeck de 
achtficfijn: ....• .... .... .. .... 

.Angaende het langdcfchil,kk fegh aldus:Soo de twee ghegheveri pJaeifen op 
den Eertdoot gheteycken t fionden opeen evewijdich ront,men fal op den paf
fer nemen een deel des middeIronts als I tr. meer of min en meten daer me de 
gheghcven 2:7 tr,24 Q),in! \~oÖrfchreven ro'ndt dat dcurrletwce plaetfenfirca:, 

· brengbende voortS onder het middac brom t' eynde der fel ve , daernae (begin, 
cn fal alfdln de boocb des middClronts,begrepentil1fchenfoodanige twee mid. .. 
'dachronden,t'begheerdelaogdefchil fijn,en bevonden worden van 30 tr. . 

_. Macr f0o. de twee ghegheven p!aetfen op den Eertcloot niet di fionden,men 
Aldaer me doen alfoo van derghelijcke ghefeyt is in tj voorficls eèrfie wer~ . 

• : ..•.. Z . VVerc~doör ghetalm. 

Anghelien de twee ghegheven breeden even fijn,foo moet d~ur ghemeene 
teghelals int I wcrck'des 5 voorftcls ghefeyt is ; de beghecrde CIolDfirceck de 
acht!1:e fijn. . ' 

.Ömnu het langdefchil te vinden, ick fouckinde tafel des 8 cromftreecx int 
· 4 vooi:ftd de ghegheven brëede van 24 tI. en daer nevens wat verheyt tOt die 
plaets overcomt op 1 tr.langdefchil , bevinde 540 48 (9 i Hier me fegh iek 
,S4 ® 48 0, gheven tot defe plaels 1 tr.langdefchil, wat de ghegheven verheyt 

.. 27 tt;24 Q)? Comt VOOr begeettlángdefchil3t> tI.waer aft'bewijs deur t'werck .. 
openbaer is .. · TB ES L V YT. Wefendedan gheghevenverheyt en breede van, 
twee pl3etfen evenèrbreecle,wy hebben ghevonden haet cromfireeck cn lanS'-
defchil, na deneyfch. i 

1 V'OOR-" 
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NOTE. 

If the given numerical values do not correspond altogether to the numerical 
values given in the table, one must (both here and in the subsequent propositions), 
in order to get the required value very accurately, find what the value in 
question properly cortesponds to, as is commonly done in other tables and in the 
way of the example given thereof in the l1th proposition of the work on the 
making of tables of sines 1). . 

~ . 6th PROPOSITION. 

\ \ Given the distance and the latitude of two places of equal latitude: to find 
their loxodrome and their difference of longitude. . 

SUPPOSITION. Let the distance between two pI aces be 27°24' and their 
latitude 24°. REQUIRED. We have to find their loxodrome and their difference 
of longitude. 

lst Procedure, by means of the Globe with the Loxodromes Drawn thereon. 

Since the two given latitudes are equal, by the general rule, as said in the lst 
procedure of the 5th proposition, the required loxodrome must be the eighth. 

As to the difference of longitude, I say as follows. If the two given places 
are marked on the globe on a parallel, one must take between the compasses a 
part of the equator, viz. about one degree, and measure therewith the given 
27°24' in the aforesaid circle passing through the two places, bringing first one 
end thereof and then the other under the meridian; then the arc of the. equator 
contained between these two meridians will be the required difference of longitude 
and will be found to be 30°. 

But if the two given places are not marked on the globe, one must proceed in 
the same way as has been said of a similar case in the first procedure of the 
5th proposition. 

2nd Procedure, by means of Numbers. 

Since the two given latitudes are equal, by the general rule, as said in the lst 
procedure of the 5th proposition, the required loxodrome must be the eighth. 

Now in order to find the difference of longitude, I look up in the table of the 
8th loxodrom~ in the 4th proposition the given latitude of 24°, and against 
it I see what distance corresponds in that place to 1 ° of difference of longitude, 
which I find to be 54'48". I now say: 54'48" gives in this place 1 ° of difference of 
longitude; what does the given distance of 27° 24' give? We get 30° for the required 
difference of longitude, the proof of which is evident from the procedure. CON
CLUSION. Given the distance and the latitude of two places of equal latitude, 
we have thus found their loxodrome and their difference of longitude; as required. 

1) Stevin's Trigonometry (Work XI; i, 11), p. 58, where he explains höw one is to find 
the sine of a given angle by means of the tables. 
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lI44 4 BOVCXDES EERTCLOOTSCHa,IFT S, 

7 V,O 0 R S TEL . 

.weCende ghegheven tvveer plaetren cromfireecK en 
bree:den~' Te vinden (mid tsda,t de gheghevenbreeden n~e t 
even en fijn) hac:r langclefchilen verheyt. 

TiskenndickCoode twee ghegheven bteeden even waren. dat de crom
fireeck Coude de 8 vallen,ofwaer deghegheven cromlheeck deachtll:e, dat de 
breedc:n fouden moeten even fijn: Màerwantlangdefchil en verheyt gevonden 
wordèn deur bi'eedefchiI,en dat hier ghecn en is, fo en canmen deur iltlck ghe
ghcveo'hclJangdefchilen de verheyt 'niet vjnden,en daelom ift dat im vOOlfid 
defe uytneming {làet, nameIick, mUts ddt de ghigeven brieden niet cvm en f#ns 
waer uyt kennclick is, dat wanneer in voorbeelden defes voorftels de ghegeven 
cromfireeckfea nae de achtfie fiaeI, datmen inde daet t'befiuyt niet feel: [eket 
enhçaft. 

MER CK T. 

'I'ghebellrt wel dat een Sierman feylende van d' een plaets tot d'ander op een 
fel ve fireeck,deur dadelicke'er\'aring ghenomen heeft die twee plae~fen breede. 
en,dathy hier uytwil vinden de vc:rhc:yt ,om te fienhoe fijn gilling die hy iat 
feylen daer op ghcnolilen mach hebben; overcomt met defe reghelen : Voort 
hoe daer meovelcomt het langdefchil dat op Eertclooten en in tafels daer af 
ghcfid tmach fijn: ort anders 100 de voornoemde gilling en langdefchil onbe- . 
kent waren,hoetnen die bekent faI maken, en tot fukken eynde dient dit voor;. 
ftel~· TG HE 'CH E V E:N. Laetdcl twee plaetfen cromfirecek fijn de4,ende 
weftclickerbreede 5 tr. 59 0, d'ander breede i8 tr. 42 <D. 

TBEGHE E RD E. Wy moetenhaei: langdefchilen velheytvinden. 

1 VVercft mme coper cromHreec,<: 

.lek neem een Eertdoöt welcke ABC D Cy, diens afpunt A, en midde\ront. 
DB,lcyeken daer op een verborghen óf uytvagelick punt E, fulce dat fijn bree
de F E doe 5 tr. 59 <D der ghegheven weilIickeI plaets; neem voort na t'inhout 
van I' ghegeven de vierde coper cromfireeck, we1cke fy G HIK, vervough haer 
grontG Hopt middelroDt j) B ,die daer langs henen fchuyvende tOt dat de 
wijfiijnI Kcomtop E; keer daee na den Eettcloot wefiwaert (om dat d'ander 
placts ooft1icker is) totdat de crornftreeck hetmiddachl'ont dèurfnijt in cl'an
dei: ghegheven breede van 28 II. 42 CD ,t'wekk valt neem iek an L,en de gemee
ne fne des rniddachronts en middelronts Îv alfdan M. Dit fóö werende F M is 
dei" twee plaet{rn langdefchi\; t'welck opd;n Eerccloot in dit voorbçelt bevon~· 
den'moc:tworden \'oor t'begheerde van 24 tr. 

Voort is des erom fireecx lini EL de verheyt, welcke gemeten als int 5 voor. 
fiels eerile werck, moet in dit voorbeelt be\'onden worden voor t'beghcetdc 
van JZ Ir.8 <D. 

2 VVereft metten g}m!'1omfJreecli.!en fJ.èrtclo~t. 

kkverk~es op den Eertcloot eenighe cromfireeck alsde ghcgeven, dats de 4. 
cn breng die o?der het rniddachront , fnyend.c: t'felveînden 5 tr, 59 ® der ghe~ 
gheven wefiehckeI breede ; lek keer datt na den Ecrtcloot Wcftwaelt (om dat 

cl'ander 
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7th PROPOSITION. 

Given the loxodrome and the latitudes of two places: to find (provided the 
given latitudes are not equal) their difference of longitude and their distance. 

It is obvious that if the two latitudes were equal, the loxodrome would be the 
eighth, or if the given loxodrome were the eighth, the latitudes would have to be 
equal. Now because the difference of longitude and the distance are found by 
means of the difference of latitude and there is none in this case, it is not 
possible to find the difference óf longitude and the distance by means of this 
datum, and that is why the proposition contains this condition, viz. provided the 
given latitudes are not equal, from which it is obvious that if in examples of this 
proposition the given loxodrome is very near. to the eighth, in practice the solution 
is not very accurate. 

NOTE. 

It sometimes happens that a navigator, sailing from one place to another on the 
same course, has found the latitudes of those two places by practical observation 
and that from these he wants to find the distance, in order ti> see how far his 
conjecture, which he may have made during the voyage, agrees with these rules. 
Further, how far the difference of longitude that may be given. thereof 0\1 globes 
and in tables agrees with it. Or else, if the aforesaid conjecture and difference 
of longitude were unknown, how they have to become known; and it is for this 
purpose that the present proposition serves. 

SUPPOSITION. Let the löxodrome of the two places be the fourth, and 
the latitude of the more westerly place 5°59', the latitude of the other 28°42'. 

REQUIRED. We have to find their difference of longitude and their distance. 

lst Procedure, with the Copper Loxodrome. 

I take a g~obe, which shall be ABCD, whose pole is A and the equator DB, 
and mark on it an erasable point E so that its latitude FE is the 5°59' of the 
more westerly of the given places. Further, in accordance with the supposition, 
I take the fourth copper loxodrome, which shall be GHIK, place its base GH 
on the equator DB, moving it along the latter until the index line IK· falls 
through E, then turn the globe to the west (because the other place is further 

. to the east) until the loxodrome intersects the meridian in the other given 
latitude of 28°42', which is, I assurne, at L; and let the point of intersection of 
the meridian and the equator then be M. This being so, FM is the difference 
of longitude between the two places, which on the globe in this example, to 
satisfy the requirement, must be found to be 24°. 

Further the part EL of the loxodrome is the distance, which, when measured 
as in the first procedure of the 5th proposition, in this example, to satisfy the 
requirement, must be found to be 32°8'. 

2nd Procedure, by means of the Globe with the Loxodromes Drawn thereon. 

I choose on the globe 11 loxodrome for the one· given, which is the 4th, and 
bring it under the meridian, so that it intersects the latter in the 5°59' of the 
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·d'andet plaetsooftlickeris) tot dat decromftreeck het middachront rriijt inden 
28 tr •• p. 0 van d'ander ghegheven breedel T'weJck Coo lijnde, her middc:1ront 
verloopen vande eer!le ftandt totte twecde,is het langdefchil, dat in dit voor
heelt bevonden moet worden van 24 tr. 

V OOIt is de aomftreeex Iini tu(fchen die twee ftanden de verheyr, welcke ge.;. 
meten als int 'svoorftels 1 werck, moet in dit voorbcelt bevonden worden' 
voor t'begheêlde van 31 tI. 8 ®. . 

] VVereft doM' ghetalen. 

lek fouek inde tafel des 4 voorftcls de ghegheven 4 crotriftreeck, en fie.wat 
langden en verheden overcommeoopderweeghegeven breeden, bevindeop 

de c:leenllebrecde S tr. 59(9, t'm'ercolUmen langde 6 tr;v;:rh.8 tr.29 0. 
En op degrootfte brccde \ an 28tt. 42 0 ,bevinde. . . 

. iek t'overcommcn langde3o.verh;4o tr.370. 
Daer af ghetrocken langde en velheyt eerlkin d' oir-

den ,blijft vom t'begheerde langdefehil24 tt. verh; 32. tr. 8 0. 
Wac:rafL'bcwijsdcurr'werck openbaeris; TBf.SLVYT. Wefende dart 

N ghe-
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given more westerly latitude. I then turn the globe to the west (because the other 
place is further to the east) until the loxodrome intersects the meridian in the 
28°42' of the other given latitude. This being so, the part of the equator between 
the first and the second position is the difference of longitude, which in this 
example must be found to be 24°. 

Further the part of the loxodrome between those two positions is the distanee, 
which, when measured as in the lst procedure of the 5th proposition, in this 
example, to satisfy the requirement, must be found to be 32°8'. 

3rd Procedure, by means ot Numbers. 

I seek in the table of the 4th proposition the given 4th loxodrome and look 
up what longitudes and distances correspond to the two given latitudes. I find . 
that the values corresponding to the 
smaller latitude 5°59' are ............ the longitude 6° and the distance 8°29', 
and those corresponding to the greater 
latitude 28°42' I find to be ............ the longitude 30° and the distance 40°37'. 
When from this we subtract the 
longitude and distance first mentioned, . 
we get for the required ......... difference of longitude 24°, for the distanee 32°8'; 
the proof of which is evident from the procedure. CONCLU~ION. Given the 



- 566 -

1415 4- Bovel{ DES EERTCLOOTS'CHRIFTS, 

ghcghcven tweer placöcn cromftrccck cn breeden : Wy hebben ghcvondcn , 
(midts dat de gheghcvcn breeden niet even en waren) baer langdefchil en ver
heyt,oa den eyfch. 

,8 VOORSTEL. 

Werende ghegheven tvveer plaetren breeden en lang
derchil: Te vindèn haercromfheeèken verheyc. 

, 'TG HE-üHE VE N. Laetdebreedederweftlickerplacls fijn van S fr • .190, 
'dander plaetfensbrecde 28tr:420, en haçr langdefehi\24 tr. 

TB EG H EERDE. Wy moetendecromfirecck;cnvcrheyt vinden.' 

" 1 rurvere~mette eopercromflreee~. 
. . - . . . . 

. S00 de gbegheven plaedèn op den Eertc100t niet gheteyckent en waren, 
men faIder uyt vaghelicke pUIlten fmen,volghende t'ghegheven,die iek inde' 

, . formdes 7 voorftels neem te wefen de twee punten Een L : Daer na [almen 
uytdefevencoperen cromftreken een verkiefen die -ons uyterooghdunckt 
t'begheerde ten naeaen tecommen, legghende haer gront G. Ii mette wijf
lijn opt middelront B D,die daer langs henen fchuyvende tot dat des erom
fireecx wijtlijn I K,comme op d' een der twee ghegheven plaetfen , iek neem 
,op E':Sood'anderplaetsLalklan oomt te gheraken de felvewijflijn IK ,[ois 
die coper ftreeck de begheerde; m~.er fulcx niet ghebcurende,men làl eèn an. 
der nemen daerop paffende, of die nemen welcke ten flaeften <omt,de felvc 
moet in dit voorbeelt bevonden worden voor t'beghcerde devierde. 

Voon is des cromftreecx lini E L de verheyt, welcke ghemeten als int 
S voorfiels,eerfie werck~ moetin dit voorbcdt bevonden worden VOOr t'be .. 
~heerdevan 32 tr.S (D. 

z' VVereTt metten ghetromflreeckten Eerteloot. 

Soo de twee plaetfen op den Eenc100t gheteyàentftonden.en datfe by 
ghevalle opeen felvc gheteyckendeeromftreeck làgen, ris kenneliek dat die 
cromftreeck~e begheel'de foude fijn: Maer want dat 1èlden ghebeun, fo ful. 
len wy de Caeck'hierhy voorbeeltllemen datfe beydein gheen felve ghetc;yc
kendecromlUeeck en vallen, Waer toe den voorrganek dnldanich is: Keert 
den doot totdat eenige cromftreeekhet micklaehront.-deurfuijt op de bx;ee
de van d'een plaets, iek neem <ie weftelicker : Daer nae anghefien d'ander
.plaets ooftelicker is, wo keert<ien. doot wdl:licker,tot<iattereen booch des 
middelronts verloopen is van 24 tr .te weten het ghegheven langdefchil: Siet 
dan of de ghenomen erom Ilreeck het middachront deurfnijt, op de gheghe
vengrootllc breededer 28 tr. +2 CD van d'ander plaers,wantdatfooghebeu
rende, diecromftl'eeck is de begheerde.: Dies niet, neemt een ander crom
fireeck, en doet daer me alH,ooren en derghe1ijcke foo dickwils tot dat gh)' 
.de begheerde cromftreeck crijcht,of de begheerde ten naeften, welcke in dit 
voorbeelt bevondentlll worden de vierde. 

Om d3cr na de verheyt tenehben}llen fal tuffcben det\1'ec bovefchreven 
plaetfen inde vierde qomftrecck ghevonden , meten de langde des [elven 

, cromftreecx met een'paflèr ,als int j \'oorftels I werck, en moet in dit voor. 
beelt bevonden worden voor t'begheerde van 3 z cr. S (D. 

3 Wtrçk 
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loxodrome and the latitudes of two places, we have thus found (provided the 
given latitudes are not equal) their difference of longitude and their distance; 
as required. 

8th PROPOSITION. 
\ 

Given .the latitudes and the differènce of longitude of two places: to find their 
loxodrome and théir distance. 

SUPPOSITION. Let the latitude of the more westerly place be 5°59', the 
latitudé of the other place 28°42', and their difference of longitude 24°. 

REQUIRED. We have to find the loxodrome and the distance. 

III Procedure, with the Copper Lóxodrome. 

If the given places are not markéd on the globe, one must mark thereon 
erasable points, in accordance with the supposition, which in the figure of the 
7th proposition I assuine to be the two points E and L. Thereafter one must 
fhoose from the seven copper loxodromes one which at sight appears to approximate 
tpe required loxodrome most, placing its base GH with the index line on the 
èquator ED, moving it along the latter until the index line IK of the loxodrome 
faUs through one of the two given places, 1 assume through E. If the other place 
L then faUs on the said index line IK, this (opper loxodromé is the one required; 
but if this is not the case, one must take another, which does fit on it; or take the 
one that approximates it most; in this example, to satisfy the requirement, this 
must be found to be the fourth. 

Further the part EL of the loxodrome· is the distance, which, when measured 
as in the first procedure of the 5th proposition, in this example, to satisfy the 
requirement, must be found to be 32°8'. 

2nd Procedure, by means ofthe Globe with the Loxodromes Drawn thereon. 

If the two places were marked on the globe and happened to lie on the same 
. drawn loxodrome, it is obvious that this loxodrome would be the one required. 
But because this rarely happens, we shall here give an example where the two 
do not fall on the same drawn loxodrome, for which the procedure is as follows. 
Turn the globè until à certain loxodrome intersects the meridian in the latitude 
of one of the places, 1 assume the more westerly one. Then, since the other place 
lies further to the éast, turn the globe further to the west until an arc of the 
equator of 24° has been traversed, viz. the given difference of longitude. Then 
see whether the chosen loxodrome intersects the meridian, in the given greater 
latitude of the 28°42' of the other place, for if this is the case, that loxodrome 
is the oné required. If not, take another loxodrome and proceed therewith as 
before, and similarly until you get the required loxodrome, or approximately the 
one required,which in this example will be found to be the fóurth. 

In order to find next the distance, one must measure, between the two above
mentioned places found in the fourth loxodrome, the léngth of this loxodrome 
by means of a pair of compasses, as in the lst procedure of the 5th proposition; 
in this example, to satisfy the requirement, this must be found to be 32°8'. 
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VANDE ZE'YI.S TREKEN. 

1 VV èrcft door ghetalen. 

lck fouek inde tafel des4 voorftels de Q~nfte gegeven breede van 5 tI.59 0; 
in eenighe der 7 cromfireken;ick Deem inde vierde, en fie wat langde 

daer me overcoml,bevinde! 6 lt. 
Daer nafouck ick inde felve vierde: cromftreecwatlangde datter over-

comtop d'ander ghegheven breede z8 tr. 420,bevinde: 30 tr, 
Daer af gher~ocken 6 tr. eerfie in d'oirden,.bJijft langdefchil. 24 tI. 

Byaldien nu t'felve larigdefchil niet. evenen waer ,.oft immersn.iet nagh~ .. 
Douch even metter ghegheve:n langdc:fchil, fo en foude: die ghenomen tafel der 
4 eromftreeck de begheerde niet fij'n,en daerom foudemen dierghelijeke moe
ten verIOueken op een ander ctomfireeck, en datfoodickwilstot datm.en het 
derde desoirdens even vonde, of ten naeften even mettetghegheven hingde
fchil: Maer t' valt in dit voorbeelt even, daerom de begheerde erom-

fireeck is de vierde. 
Oroou de verheyt te vindèn,ick fouc inde bovefchreven vIerde ciom
. ftreeekd'eengheghevenbxecdejtr. 590,vindedaerop te over • 
. commen verheyt van . S tr.29 0, 

En inde [el ve vierde eromftreeek fouek ic;k d' ander ghegheven breede 
% 8 tr .42 0, vindc daer op te overcommen verheyr van 40 ir. 37 0. 

Diens ver[ehi! vande verheYI! tI. ,Z9 ® 'vijfdejn Q'oirden, is voor de 
begheerde verhert. . 32 tr:8.0. 
Waer aft'bewiJsdeurt'werck openbaeris. TB ESL VYT. Wefcn,de'dan 

ghegheven tweer plaetfen breeden en langdefchil,wy hebbeDghl:v~Ddenhaer 
eromll:reeek en verheyt,na den cyfch. 

9 VO 0 R'STE L. 

Werende ghegeven tvveer plaetfen bteede en.verheyt: 
Te vinden de cromftreeck en 1an gdefchlI. . 

hl ERe KT • 
. T gnebeurt. dat ymant beken dijn tweer pIaeûen breeden ,en verheytvan 

d'een tot d'ander , deur giffing die int feylen daer op maeh hebben ghenomen 
gheweeft, cn dat hy beghccn tè weten de erom ftreeck en langdefcl1il,omfij~ 
toeeommende fcyling daer n~ te rechten, of om fulcke tweeplaetfén op den 
Eencl()ot recht te teyekenen,of dàér dpgheteyekèntfijnde, om te fienhoe fijn 
rekeriingdacr me overeomt,en tot fu}cken eynde can dit voorftel dienen. . 

TG HEG ~ E VE N. Laet d.e weftlicker plaetfens breedc;fijn van j tr • .19. ®,. 
vand'ander28 tI. 42 0,en haer verhHt 32tr. 8 O. TB EGH EE lU!)E. :Wy 
moetenhaez eromftreeek eh langdefchilvinden. 

1. VVerck.,.mette coper cromflreec~ 
Om eerft de cromftreeek te vinden, ick neem een Eertcloot ",eleke betcye .. 

kent Cy mette form des 7 voorficIs,fet daerop d'een ghegheveri 'plaets , lat et fijn 
dewefiIieker,dicns breede S tr.59 ~als t'punt E: Ickneem daernaeenderfe
ven eoper eromfireken die my uyter oógh dunckt t'begheerde ten naeften te: 
eommen,legghende haer grOlltS wijflijn opt middelronr B D, die daer langs 
hèncn Cchuyvendc: tot dat des clomftreeçx wij'ilijn I K comme opt punt E: lek 

. Nz meet 

,./ 
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3rd Procedure, by means of Numbers. 

I look up in the table of the 4th proposition the smaller of the given latitudes 
5°59', under one of the 7 loxodromes, lassurne under the fourth, and see what 
longitude corresponds thereto, which I find to be 6° 
Thereafter I look up in the said table of the fourth loxodrome what 
longitude corresponds to the other given latitude 2s042', which I find to be 30° 

When from this we subtract 6°, the first in the present list, the 
difference of longitude is 24° 

Now if the said difference of longitude were not equal, or at least almost 
equal, to the given difference of longitude, the chosen table of the 4th loxodrome 
would not be the one required, and consequently we should have to try similarly 
with another loxodrome, until the third figure in the present list were found 
to be equal, or approximately equal, to the given difference of longitude. But in 
this example it is equal, consequently the required loxodrome is the fourth. 

Nov,. in order to find the distance, I look up in the above-mentioned 
table of the fourth loxodrome the one of the given latitudes 5°59', and 
find as the distance corresponding thereto s029' 

And ,in the said table of the foilrth loxodrome I look up the other 
given l~titude 2S042', and find as the distance corresponding thereto 40°37' 

The difference of the latter from the distance S029'; 'the fifth in the' 
present list, is, for the required distance, 32° S' 
The proof of which is evident from the procedure. CONCLUSION. Given the 
latitudes and the difference of longitude of two placés, we have thus found their 
loxodrome and their distance; as required. 

9th PROPOSITION. 

Given ihe latitudes of and the distance between two places: to find the loxodrome 
and the difference of longitude. 

NOTE. 

It sometimes happens that a man knows the latitudes of two places and the 
distance from one to the other, bya conjecture which he may have made in 
practice, and that he wants to know the loxodrome and the difference of longitude, 
in order to direct his future sailing thereby, or in order to mark these two places 
correctly on the globe, or, if they are marked thereon, to see how his reckoning 
agrees therewith, and for this purpose the present proposition may serve. 

SUPPOSITION. Let the latitude of the more westerly of the places be 5°59', 
that of the other 2S042', and their distance 320S'. REQUIRED. We have to find 
their loxodrome and their difference of longitude. 

lst Procedure, with the Copper Loxodrome. 

In order to find first the loxodrome, I take a globe, on which the figure of the 
7th proposition shall have been drawn. I mark thereon the one given place, let 
it be the more westerly one, whose latitude is 5°59', viz. the point E. I then take 
one of the seven copper loxodromes which at sight appears to me to approximate 
the required loxodrome most, putting its base on the equator BD, moving it along 
the latter until the index line IK of the loxodrome falls through the point E. 
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meet VOOIt met een p:i{fer na'dewijCealsint .s voorLlel van E langs de wijflijll 
der cromftrccÓ:,totdat ick hebde ghegeven verheyt 3Z, tr.8(!),die comt neem 
ickan L, welck punt Coo vallende, dat fijn breede de gh.egheven is van 28tr. 
41 ® ~die gheIlomen çoper cromfirceck is de 'bcgheelde:Maer fulex niet ghc
beurcnde;men fal een :tnder nemen;endaer me dcrgelijcke'ooen;cn' dat fo dick. 
wils tot dat men een'crijcht waer in fulekc breedeaJfooeven valt;cif ten naeLlen , 
camt, t'w(]ck in dit voorbeelt'moet fijn voort'begeerde de vierde croinfireeck. 

Om daer na het langdefchil te hebben, men falt foueken vandetwee pun
ten E,L, t'welek fyF M;en'moet in'dit vootbeekbeVonden worden vanl4- tr. 

z rurvcrck.. mèttenghccromjl reeckfen Eertcloot. 

, Om eerft de cromfireeck te vinden', iek verkies op een ghecromfireeckten 
Eertcloot eenighe-cromLlreeckdiemyuyter oogh dunckt t'begheerde rcn nae. 
ften te commen: Later inde form des 7 voorftcls fijn de cromftrecek 11<, teye
ken daer op d~eenghcgheven plaets, later fijn de'weftelicker als I" pUnt E, diens 
breede'F E.s tr. 590: lek'meet voolfmereen pa{fer na de wij fe alsirit j voor
ael, vari E langsdecromftreecktot datickheb deghegheven verheyr van 3 z tr. 
s 0, die eomt neem ick an t'punt L, welek punt foo vallende ,dat fljnbrcede 
L M de ghcgheven is van 28 tr. 4l0, de ghenomencromftreeck is de begeer
de. Maer fulex niet ghebeurende, men fal 'een'ander nemen,endaer me detge
lijékc doen,en dat fo'dickwils tot datmen een erijcht waet in fuleke bleedc alfo 
even valt, Of ten nadl:en comt , t'welck in dit voolbeelt moet fijn vOort'be
gheerde de vierde cromfireeck. . 

Om daer na het langdefchilte hebben, men faIt {oucken vande twee punten 
o I,L, t'wdek fy F M. en moet in dit vootbedt bevonden worden voor t'begeel:- 0 

.~~~ - 0 • 0 

1 rrnJerclt door ghctalen. 

Om eed!: de cromLlreeck te vinden,ick fouek inde tafels des 4- voorLlelsd'~ 
gbegheven breede in een der cromfireken,latet fijn de deenfie van j tr. $9 0 0 

voor t' eerfie inde 4- clomftreeek, enfie wat vctheyt dael me over- • 
comt,bevinde 8 tI.:ag (D. 

Dacrtoe ghedaen -de-ghegheven verheyt (iek fegh daet toe ghed:ten 
o om dani' eerLlc breede de dccnfte was, want waerk de glootfie 
gheweefi menföude moeten afrrecken)doende 32. tI.8 ® ~ 

Comtvcrheyt 00 0 4-0tl.370. 
Daer na fien ick inde Celvevierde cfomLlreeck , wat bteede datter 0 

overcomt op de verheyt van 40 tr. 37 0 derde in d'oirden, be-
o vinde 0, :a8 tr;4~ @. 
De{eb~ee~e"Cven Hjnde ~ette ghegeven breede der tweede plaets, 

foo lsdeCe ghenomen VIerde cromftreeek de begheerde: Wa'erfe 
dael me oneven gh,eweefi,nien foude derghelijeke moeten met 
ccnanderverfoucken, totdatmen fuIa bevondeteovercom~ 
men,of ten naeften. 

Om nuhetlangdefchil te vinden, ick fouek eelft decromfireeck 
alfvooren,en fiewat langde datter overcomt op d'een ghegeven 
brccdc van z8 tr. 4-a (D,bevindc 0 30 rr. 

S'ghe. 
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I next measure by means of a pair of compasses, by the method described in the 
5th proposition, from E along the index line of the loxodrome until I have got 
the given distance 32°8', which lassurne to be in Lj. and if this point falls in 
such a way that its latitude is the given latitude 28°42', the chosen copper 
loxodrome is the one required. But if this is not the case, one must takeanother 
and proceed similarly therewith, until one gets a loxodrome in which this latitude 
is equal or nearly so, which in this example, to satisfy the requirement, must be 
the fourth loxodrome. . 

In order to get next the difference of longitude, one must seek it for the two 
points E and L, which shall be FM, and this in the present example must be 
found to be 24°. 

2nd Procedure, by mf!ans of the Globè with the Loxodromes Drawn thereon. 

In order to find first thè loxodrome, I choose on a globe with thè loxodromes 
drawn thereon a loxodrome which at sight appears to me to approximate the 
required one most. Let it be, in the figure of the 7th proposition, the loxodrome 
IK. I mark thereon the one given place, let it be the more westerly one, viz. the 
point E, whose latitude FE is 5°59'. I ne~t measure by means of a pair of 
compasses, by the method described in the 5th proposition, from Ealong the 
loxodrome until I have got the given distance of 32°8', which I assurne to be 
in the point Lj and if this point falls in such a way that its latitude LM is the 
given latitude 28°42', the chosen loxodrome is the one required. But if this is 
not the case, one must take another and proceed similarly therewith, until one 
gets a loxodrome in which this latitude is equal or nearly so, which in this 
example, to satisfy the requirement, must be the fourth loxodrome. 

In order to get next the difference of longitude, one must seek it for the two 
points E and L, which shall be FM, and this in the present example, to satisfy 
the requirement, must be 24°. 

3rd Procedure, by means of Nuinbers. 

In order to find firstthe loxodrome,. I look up in the table of the 4th 
proposition the one given latitude - let it be the smaller one of 5°59' - under 
one of the loxodromes, to begin with under the 4th loxodrome, and I see what 
distance corresponds thereto, which I find to be 8°29' 
When we add thereto the given distance (I say: add, because the first 
latitude was the smaller one, for if it had been the greater one, we should 
have to subtract), being 
The distance becomes 

Thereafter I see iil the said table of the fourth loxodrome what 
latitude corresponds ti:> the distance of 40°37', the third in the present 
list, which I find to be· 28°42' 

Since this latitude is equal to the given latitude of the second place, this chosen 
fourth loxodrome is the one required. If it had not been equal to it, we should 
have to try similarly with another, until we found it to correspond, or 
nearly so. 

In order to find now the difference of longitude, I first seek the 
loxodrome, as before, and see what longitude corresponds to the one given 
latitude 28°42', which I find to be 
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VANDEZE YL STR1HCEN. 

S'ghelijcx wat Jangde datterovt'rcomt op d'anderghegeven breede 
de van s tr. 59 0,bevinde 6 fr. 6 Ir. 

Die ghetrocken vande-j 0 tr. vijfdein d'oirdcn,blijfi voor begheert 
langdefchll . .. .... .. . ·24 tt. 
Waeraft'bewijsdeurt'werckopenbaeris. TB ES tVYT. Wefende dan . 

gheghcven.tweer piaetfcn breede en verhcyt) wy hebben ghevondcn de aom;' 
ftreeck en langdefchil,na-dcn cyfch. . . .. . 

10 VOORSTEL. 

.. Wefendeghegeven tvveerplaetfen cromftreetk; lang ... 
d efchil ,en d' een pI a e [fensb reedc: Te vinden d'alider plaet
fens breedeen verhe.yt • 

. T GHEG H E V E l-1.Laet de cromllreeck fijndevierde,langdefchil~4 tr. en 
d'een plaerlèlis breede werende de wcllclicklle en c1eenlle 5 tr.590. . . 

. T 11 EG HE ER D E .W)' tJ.loc'ten vinden d'ander plael(cns breede en verheyt.; 

1 VVercftmitteC'Opercromftreeck •. 

Om ten eedlen te vioden d'anderplaetfens brecde,ick icyeken op eenighcn 
Eertclo'ot,als die des 7 voodlels een punt ghclijck E; op -deghege'ven breede V;ln .. 

-Stro 5-9.(0: Daer na, want''de ghege\Tcn Cl'omfl:reeek de \Tîerd~' is,fo verVough 
iek de vierde eo per crorrifireeck alfoo,dat ~aer grol1tswijilijn G H páfiè- ,Qpt 
middel.ront DB, en. dat de wi i,1Iijn I K gerake t'punt E: T'felve gebrocht on. 
der het middachront,iek teyeken des middachrondts fne F int middelrondt 
D B, keer ulcr na den Eertcloot well:waert tot datter int iniddclroni: van F 
af delirloopcn Gjn 24 tr, des gheght:vçrt1angdçfehib ~'t'\velc:k valt neeinlclc 
van'F tot' M,en teyckeri alfdan des middelronts fne inde Cromfl:reeck ,'alstet 
plaets van L: Dit foofijnde,LMisd':inderplaetfens begheerde breede,:die 
in'dit voorbedt bevonden inoet worden van 28 tr. 42. 0. En EL is debe .. 
ghcerdc verheyt,wdckc ghemeten meteen paffer na de wijfedes j voorfteIs~ 
moetindit voorbeelt bevondea worden van 32tr~g 0~ ' .. 

2 VVercl(mctten ghccromftreccklen Eeertcloor. 

·0 meern te vinden d' ander plaetfens breede ,anghefien de vierde eroni. 
ftrceck de ghegheven is, ic~ teycken op dengheeromfl:reeekten Eertcloot in 
. eenighe 4 cromfl:reeck welcke I K fy,een punt als E,op de ghegheven breede 
van 5 tr. S9 0: Tfelve punt E ghebrochtondet het milidachront, iek i:eyc .. 
'ken des ffiiddachronts fne F iilt middelront DB: keer àaer na den Eertcloot . 
weffW:lert, tot dattei' int midddront van F af deurlbopenfijn2.4 tr.des ghe .. 
ghevcilJ'aDgdefc~,t'~ekk valt neem ick v~n F totM;en.teyeke~ àlfdan d~~ 
nHdddronts me mdeeromfl:reeck;als ter plaets van L. DIt foo fiJnde LM 15 
d'ander plaedens begeerde breede,die in dit voorbeelt bevonden moe(wor. 
,dell'Van %is-tr. 4Z 0: En E L debegheerde verheyt , weleke ghemeten na de 
wijfèdes j yoorncls moet iu dit voorbeeltbevondenworllen van 32. tr. S ,0; . 

N J 3 Wt'Tl~ 
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Likewise what longitude corresponds to the other given latitude 5°59', 
which I find to be 6° 

When we subtract the latter from the 30°, the fifth in the present list, 
the remainder is, for the required difference of longitude, 24° 
The proof of which is evident from the procedure. CONCLUSION. Given the 
latitudes of and the distance between two places, we have thus found the 
loxodrome and the difference of longitude; as required. 

10th PROPOSITION. 

Given the loxodrome and the difference of longitude of two places, and the 
latitude of one place: to find the latitude of the other place and the distance. 

SUPPOSITION. Let the loxodrome be the fourth, the difference of longitude 
24°, and the latitude of one place, being the more westerly and smaller one, 
5°59'. . 

REQUIRED. We have to find the latitude of the other place and the distance. 

lst Procedure, with the Copper Loxodrome. 

In order to find first the latitude of the otherplace, I mark on a globe, viz. 
the one of the 7th proposition, a point, viz. E, in the given latitude of 5°59'. 
Thereafter, because the given loxodrome is the fourth, I place the fourth copper 
loxodrome in such a way that the base GH fits on the equator DB and the index 
line IK passes through the point E. The latter having been brought under the 
meridian, I mark the point of intersection F of the meridian with the equator DB, 
then turn the globe to the west until the 24° of the given difference of longitude 
have been traversèd in the equator from F, which lassurne to be from F to M, 
and then I mark the point of intersection of the equator with the loxodrome, 
tiiz. L. This being so, LM is the required latitude of the other place, which in this 
example must be found to be 28°42'. And EL is tbe required distance, which, 
when measured with a pair of compasses by· the method described in the 5th 
proposition, in this example must be found to be 32°8'. 

2nd Procedure, by means of the Globe with the Loxodromes Drawn thereon. 

In order to find first the latitude of the other place, since the fourth loxodrome 
is the given loxodrome, I mark on the globe with the loxodromes drawn thereon, 
on a 4th loxodrome, which shall be IK, a point, viz. E, in the given . latitude of 
5°59'. The said point E having been brought under the meridian, I mark the 
point of intersection F of the meridian with the equator DB, then turn the 
globe to the west until the 24° of the given difference of longitude have been 
traversed in the equatór from F, which I assume to be from F to M, and then 
mark the point of intersection of the equator with the loxodrome, viz. L. This 
being 50, LM is thè required latitude of the other place, which in this example 
must be found to be 28°42'. And EL must be the required distance, which, when 
measured by the method described in the 5th proposition, in this example must be 
found to be 32°8'. 
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IJ" 4- BoveK DES EERTCLOOTSCHRIF.TS~ 

3 VPercft met ghetaletJ. 

. Ickfouck de ghegheven breede 5 tr. 59 0 inde tafel des 4voodlels inde ghe. . 
~bel'cn vierde cromftreeck,en fle wat velheyt cn langdedaer op overcomt, be·· 

vinde verheyt 8 tr.29_ 
En langde . CS tr. 
Daet toe \'ergaert het ghegheven langdefchil (ick fegh \'Ctg:rert om 

dat deghegheven breede dec1eenfte is. waerfede grootfte men 
fou moeteuaftrecken)doende 24 tr • 

. Comt langde . '. 30 tI 
Daer op vinde ick teO\'Crcommcn indebovefälrcven4 fireeck, de .. 

breede der tweede plaets voor t'begheerde 2 Slr'420. 
En vinde oock daer nevens de verheyt van 40 tr;3 7. . 
Diens vcifchil vandc verheyt 8 tr. 29 0, eerfte in d'oirden;, doet 

voor begheerde verheyt 32 tr.S. . 
Wacraft'bewijs deur t'werekopcnbaeris. TBESL VYT. Wefende dan ge. 
geven tweer plaelfen cromfireeck, langdefchil, en d'een plaetfens breede; Wy 
hebben ghc\>onden d'anderplaetfens breede en verhcyt)na den eyfch. . 

11 VOORSTEL. 

Wefende ghegheven tvveer plaet[en cro~ftreèck)d'een · 
plaet(ens brec:de en verheyt: Te vinden d' ander plaetfens 
breede en het langdefchil. 

M :E R t K 1' . 
. Genomenanymantkennclick te fijn opwat cromftreeek datmenvan d'een 

plaers tot d'anderfeylt, voortd'een placlfens breedeen dc'verheyt, die deurgif-: 
flng int ftylen maeh gheyonden fijn, waer me hy begheert te: vinden d'an. 
der plactrCllSbreede , en het langdefchil, om die op eçn Eertdoot te tC'yckc
nen, of daerop werende te"mcughen fien hoe fij n rekening daer me ovcrcomr. 
en tot fukken eynde candit voorfie:l 'dienen. TG HEGH E VE N. Laet do 
cronifireeek fijn de 4, de brcededeI wcfteIicker plaersde c\eenfie wefende van 
j-Ir •. 59 0,endeverheyt 32 1r.80. TBEGHEE RD E. Wy"moeten vinden . ,! .. l11der plaetfens biecde,en het langdefchil.· . 

f VVercft mette cOfCr ä'omflreeci<: 

lek teyckenop den Eertc100t des7 voorficls eenich pun t als E ,op de ghege,; 
ven breede van .s tr . .s 9.0, vcrvough daérop de vierdecoper cromfireeck,te we· 
tenalfoo darden gront G H paffe Opt middelront 0 B "ende wji{1~jn 1 Kop E: 
lek meet voorlsmCI een paffer langs de felvewijflijn 1 K, van Eoofiwacrt (om 
dat E deur t'gegeven wefielickeris) na K, deghegheven verheyt van 32 tr.S 0, 

. na dcwi;redes 5 voorficls, weleke comt neem ick tot L. Ditfoo fijndc,ick 
fouck debreede van L, welcke is L M,die in ditvoorbeelt bevonden moet wor. 
den voor t'begheerde van 28 tr • .p. 0. 

Daer na rouck kk der Iwee plaetfen langde(chil F M t'wekkmen in dit voor. 
heelt bevinden moet VooI t'bcgheerde van 24 tr. ~ 

2.'WmE 
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3rd Procedure, by meanJ of NumberJ. 

I look up the given latitude of 5°59' in the table of the 4th proposition under 
the given fourth loxodrome, and see what distance and longitude correspond 
thereto, and 1 find the distance to be 8°29' 
And the longitude 6° 

When we a,dd thereto the given difference of longitude (I say: add, 
because the given latitude is the smaller one; if it were the greater, we 
should have to subtract), being 
The longitude becomes 

Corresponding thereto in the table of the above-mentioned 4th 
loxodrome I find the required latitude of the second place 

And I also find against it the distance 
The difference between the latter and the distance 8°29', the first in 

the present list, is the required distance 32° 8' 
The proof of which is evident from the procedure. CONCLUSION. Given the 
loxodrome and the difference of longitude of two places and the latitude of one 
place, we have thus found the latitude of the other place and the distance; as 
required. . . 

11th PROPOSITION. 

Given the loxodrome of two places, the latitude of one place, and the distance: 
to find the latitude of the other pi ace and the difference of longitude. 

NOTE.· 

Assuming that a man kno",:,s on what loxodrome one sails from one place to 
the other, further the latitude of one place and the distance, which may have 
been found by conjecture in practice, from which he wants to find the latitude 
of the other place and the difference of longitude, in order to mark them on a 
globe or, if they are marked thereon, to see how his reckoning agrees therewith, 
for this· purpose the present proposition may serve. SUPPOSITION. Let the 
loxodrome be the 4th, the latitude of the more westerly place, being the smaller 
one, 5°59', and the distance 32°8'. REQUIRED. We have to find the latitude 
of the other place and the difference of longitude. 

IJt Procedure, with the Copper Loxodrome. 

I mark on theglobe of the 7th proposition a point, viz. E, in the given latitude 
of 5°59', place thereon the fourth copper loxodrome, viz. in such a way that the 
base GH fits on the equator DB and the index line IK passes through E. I next 
measure with a pair of compasses along the said index line IK from E eastward 
(because E by the supposition is more westerly) to K the given distance of 32°8', 
by the method of the 5th proposition, which I assume to come as far as L. This 
being so, 1 seek the latitude of L, which is LM, which in this exarnple, to satisfy 
the requirement, must he found to be 28°42' . 

.I next seek the difference of longitude FM of the two places, which in this 
example, to satisfy the requirement, must be found to be 24°. 
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V A N D E ZE Y r. SI' R. E IC U~. 
z VVercftmeitenghec'lomllre'eékten Eertcloot •. 

. . . 

. lek verkies eenighe gheteyekende vierde cromftreeck daerkk de ghegheven 
breede inteyekenenean: bitet inden Eertc10Qt des 7 voorfiel$ fijn de erom
fireeck 1 K,waer in gheteyckentis t'pullt E, foodatfijn breede F E·doe de ghe,.. 
ghe\'en.s tr. 590: lek meet v'oort meteen paflèr langs de wijfii;n 1 K van E. 
oollwaert (om dat E deur t' ghegheven de wefiliekerplaets is) hà K ; de gheghe~ . 
ven·verheyt van 32. tr. 8 0. nade wijfe des .s voorfiels~ wekke comt neem kir; 
rot L. Dit foofijnde iek föuekJe breedevan L; wekk is L M, diêinditv()or.;, 
beelt bevonden moer worden voor t'begheerde van z8 tr, 42 0 .. 

Daer na fouek lek der twee plaetfen langdefehil F Mlwe1ckmen in dit voor • 
. beelt bevinden moet voor t'begheerde van %4 tr.. . .. 

1 VVercft door ghetalen •. 
lek fouck de gheghëv~n breede .s lt. ~ 9 0 inde ghegeven vleldëcrornll:reeck 

der tafels des 4 voorfiels)en fie wat langde en verheyt daer op ovetcOmt , bevin. 
dclangde 6 tr. 

En verheyt .. . 8 tI.%P 0. 
Daer toe ,-ergaert de ghegheVeil verheyt (iek fegh vergaëtt omdat . 

de ghegèven breede de eleen ae is, waerfe de grootftc men foude . 
moeten aflICeken) doende 32 tr.s <D. 

Comt vetheyt 40 tr'37.(!)' 
. pie ghefocht inde bov~fchreven vierde cromfireeck , ick vinde 

.. daer nevens te overCOmmen voor begheerde breede der tWeede 
plaets . . 28 tt.4'-®' 

En vindc:oockdaet nevens delangde van· . 30 tr. 
Diens vetfehi! vande langde 6 tI. eerO:e in d'oirden, doet voot be- . 
gheèrtlangdefehil. . 24 tr. 
W2er afr'bewijsdeur t'werek openbaeris. T BE S LV YT. Wefende dan ge_ 
gheveilt~er plaetfen eromllreeck,d'een p1aetfens breede en verheyt:Wy het). 
ben ghevonden d'ander plaetfens breede,en het langdefchlI,naden cyfch. 

ME Re K T. 

Wy hebben hier vooren ghefeyt vant feylen op rechte en cromme feylftrc:
ken, maer w:intter in grootezcevaerden,noch ghebruyckt WOIt chert de ghele

. ghc:ntheyt taclaet een wijfe van feyling ghcmengt van beyden , te weten een 
. aehtftc fireeek met een middachronr , foo fullen wy daer afhier wat vcrmaen 
doen. Laet inde volghende form A B den Eertcloot beteyckenen ,diensmid. 
delront A B,en noonfchen afpunt C, voort fijn D , E, twee plaetfen van ver. 
fèhcyden langden en brecden, deur welckc ghetrocken fij n de tWee evewijdige 
londenD F enE G. Oin nu van E tot D te feyIen , niet op een rechte noell 
erom me fireeck alfvooren, macr op een rniddachront met een achtfte firec:ck: 

. Men feylt eerft van Eafreeht noortWaert an,öpt middaehront E F, tot darmen. 
fieh vint op de.brcede diemen weet D te hebben.t'welck fy neem ick tot F:daei 
na kéenmen weftwaerl,blijvende gheduerlickop de fdve breede,dat is geduer .. 
.lick varende op de aehtfte eron1ftreeck tot dat1l.1en ter begheerde plaets 0 
c;omt •. 

Merdt noch dalmen {oude meughen cerft beginnen te fey len vàn E recht 
N 4 weil .. 
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2nd Procedure, by means of the Globe with the Loxodromes Drawn thereon. 

I choose a certain drawn fourth loxodrome on which I can mark the given 
latitude. Let it be, on the globe of the 7th proposition, the loxodrome IK, on 
which the ,point E has been marked, so that its latitude FE is the given 5°59'. 
I next measure with a pair of compasses along the index line IK from E eastward 
(because E by the supposition is the more westerly place) to K the given distance 
of 32°8', by the method of the 5th proposition, which I assume to wille as far 
as L. This being so, I seek the latitude of L, which is LM, which in this example, 
to satisfy the requirement, must be found tobe 28°42'. 

I next seek the difference of longitude FM of the two places, which in this 
example, to satlsfy the requirement, must be found to be 24°. 

3rd Procedure, by means of Numbers. 

I look up the given latitude of 5°59' under the given fourtn loxodrome of the 
table of the 4th proposition, and see what longitude and di stance correspond 
thereto, and I find the longitude to be 6° 
And the distance 8°29' 
When we add thereto the given distance (I say: add, because the given 
latitude is the smaller one; if itwere the greater, we should have to 
subtract), being 
The distance becomes 

This being looked up under the above-mentioned fourth loxodrome, 
I find against it, as the value corresponding thereto, the required latitude 
of the second place 
And I also find against it the longitude 

The difference between the latter and the longitude 6°, the first in 
the present list, is the required difference of longitude 24° 

The proof of which is evident from the procedure. CONCLUSION. Given the 
loxodrome of two places, the latitude of one place, and the distance, we have 
thus found the latitude of the other place' and the difference of longitude; as 
required. 

NOTE. 

We have spoken above of sailing on great-circ1e tracks and loxodromes, but 
because on long voyages use is also made, as occasion permits, of a method of 
sailing that is a combination of the two, viz. an eighth loxodrome and a meridian, 
we shall say something about this here. In the figure overleaflet AB designate 
the earth, whose equator is AB and the north pole C; further D and E are two 
places of different longitudes and latitudes, through which have been drawn 
the two parallels DF and EG. Now in order to sail from E to D, neither on a 
great-circ1e track nor on a loxodrome, as above, but on a meridian and an eighth 
loxodrome, one first sails f rom E straight to the north,. on the meridian EF, 
until one is in the latitude which one knows D to have; let this be, lassume, 
at F. Thereafter one tums to the west, remaining constantly in the same latitude, 
i.e. constantly sailing on the eighth loxodrome until one arrives at the desired 
place D. 

Note further that one might first begin to sail from E straight to the west, 
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1$2 4 B 0 velt D ES El!ll TC L 0 OTS C HRU'TS, 

wcftwaert an,áats gheduerlick op de achtftecromftreeck, tot datmen hadde de 
langde van D,als.tot G,en dae! nava~ G recht no~rt\Vó)ert an, tot dat;~en op 
D comt:Doch aIO: niet en waer uyt olrfaeck van wtnden of {hoomen , diemen 
van te voorcnwift dat hinderlkk{ouden {ij n , fo waert beter eerft te fey len 'van 

A 

E op F,ènvan Fop D , dan eerft van E op G , en van G op D, uyt oirCaeck dat
JnenmetmecrderJekerheytvanFtot Dopeen felve breede can blijven, dan. 
vanG tot D op (en felve langde,i"nder voughen dat foo veel men deur afleyden
de fuoomellof q~ rekening,in langde mifgifie,foo verre foudcmcn teooftlick 
of weftlick van D commen: la fulcx, datmen fom wi jlen als Deen eleen E y lam 
waer, niet weten en [oude (ghelijckt metterdaet dickwils ghebeurt (ofmen 
-daer afooft ofweftwaer, niet teghenftaende men de breede verfeken hadde: 
Maer van E eertl: rioonwaert an varende, t'fy dalmen wat oofilickel of \vefilic
ker'dan opF terbegheerde breede èomt;teil doet daèr fuläen hinder niet,want 
blijvende int feylennae Daltijt· op de behoirlickebreede, men moet Done. 
inoeten. 

Tot dere wijfe van feyling op een achtfie cromfireeckmet eenmiddachront, 
en behouftmen gheen rekeninghen als de voorgaende van rechle en' cromme 
feylftreken,maelten is [00 corten wechniet, geli~kmen inde [olm' openbaer
lick uet. 

ANHANG 



- 579 -

571 

i.e. constantlyon the eighth loxodrome, until on.: is in the longitude of D, viz. 
at G, and then from"G straight to the north, until one arrives at D. But if it were 
not because of winds or currents which one knew beforehand would be 
troublesome, it would be better first to sai! from E to F and then from F to D, 
rather than first from E to G and then from G to D, because one can remain 
with greater certainty in the same latitude from F to D than in the same longitude 
from G to D, so that as much as the conjecture concerning the longitude was 
wrong owing to diverting currents or miscalculation, so much' one would arrive 
too far to the east or west of D, even to the extent that sometimes, if D were 
a small 'island, one would not know (as of ten happens in actual fact) whether 
one was to the east or west of it, in spite of the fact that one had made sure 
of the latitude. But if one first sails from E to the north, it does not matter 
so much if one arrives in the required latitude somewhat further east or west 
than F, for if in sailing to D one always remains in the proper latitude, one 
is bound to come to D. 

For this method of sailing on an eighth loxodrome and a meridian one requires 
no calculations like the foregoing, of great-circ1e tracks and loxodromes" but it 
il' not so short a route, as is plainly seen in the figure. 
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VA N D B .z E Y L S T lt E XC EN. _ Is 3 

ANHANG 
. . . . . - . . 

DER. CROMSTREKEN.' 
'I HOOF TS TIC K.,

Verhad opde oirclen dercromftre'ken~ ,. 
, 'JI"., "Ómmige als R~het'iHlles)nemeri deëfomftrekeri te beginnen vant 

. ' midd~chrontáf na t'middelrorittoë, rioemendedie Van nOoit ten ' 
, 'ooften d'eeift~; noortnCjorróó~~e tweede, en Çóo vo~rts. Ahdet ' 

_ " als Edw4TI WT~ghl .' te~en van t mJ:ddeJ,ront, ~ na t'mlddathront;' 
, rioemendede èromftieeCK van ooft [tri noorden d'eerfte; ooftDóordooft dè 
tweede;en foo voorts,Maer waÏlnetom nvijlfeling tè w'êëreri,goct waerdat 
atle die van defe ftofhandelen,int noemen der cromftreken ferifèlve oirden 
volghden,foo heeft my oirboir ghedocht miin ghevoclen te vetclaren,waer. 
om ickmeyn daner meerder reden is te bëginnen van het middachront.dle
lijck wy hier vooren oock ghedaen hebben,dan van t'mîddeJiónt,als vó[ght: 
, Voor al wanneerttlen feghtd'eerfte cr9mftreeck die te wefen; welcke eerft 
na t'middelront volght,foo en is dat niet eyghentlick gefprokènden * Doen~ EffiW" 
der buyten t' middelront tijnde,dadelick of dèui' t' ghefieldc~wantInen infulCk 
anfien danniet en [oude moeten fegghen d' eerftecromftreeck vant middel. 
ront af, dan d' eedl:e crömftreeck van een ev.ewijdich rondt mettë,t Ipiddd~ 
ront: Maer dat foo ghenomen, t'ft:lve evewijdich l'Ont en 1àl in d'oirden,dei: 
cromftreken nietvalten ,t'welcknochtans gheen rechre ftreeekfijndeeen 
cromfireeck is, vo~hende haer bepaling, Dit anghemerckt ) dë natuerlicke 
oirden [Chijnt te vereytfchen dattnen t'midda'chront neme voor begin, want 
van daer af tellende, foo valt de ooftenweftftreeck me onder d(! cromtlrcken~ 
weCendealtijt de achtfte natbehooren,c:n daerom hebben wy hier vóoren 
die wijfe ghevolght~ , " " 

'l. i-IOOFTSTIC~ 

Van Petrm Nonim feyI ,angaende' deghetalen dc:f 
cromftreken. 

Nadien de Pormguljfeit en Spaengnaerden eerfr ernftélick de groote zee.;;,. 
, vaerdeh anghev-anghen hadden,foo viel by hun anmercking op d~ gedaente 
en ~yghellfchappen dercromftreken: Waer afden vermaerdc:~Wifcon{hlaer 
PelTlIl N,n;1II handelende,heeft ghefchreven vandeghetalendienendetonet 
fOnDen der felve,maer LY en wierden by hem niet rechtgbenouch getroffen, 
t'welckick niet en fegh totujn verachting, want den grontdaer hyop boude, 
haddeuyterlick foo vafien anfien;dat d'a1der ervarenfie voor ,t'eerfie lichte.:. 
lick fouden ghemeent hebben de faeck foo te wefen,en byaldl.en hem fuicke 
oirlàeck: van proef ontmoet hadde, als anderen na hem wel be)eghende i hy 
[oude [OC> wel als anderen t'ghebreck bemel'ckt hebben. , 

, Tisdan te weten dat hyini: 2.3 Hooftffick fijns 2. boucx de Reg. & inHT, 
befluyt de houdtma'ten der boghen vanden afpunt torre cromtlreeck iri 

*ghe. 
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APPENDIX 
OF THE LOXODROMES. 

lst CHAPTER. 

Account about the order of the 'loxodromes. 

Some people, Iike Robert Hues 1), regard the Ioxodromes as starting from 
the meridian and proceeding to the equator, calling that ofnorth byeast the first, 
north northeast the second, and so on. Others, Iike Edward Wright 2), count from 
the equator to the meridian, calling the Ioxodrome of east by north the first, east 
northeast the second, and so on. But since, to avoid doubt, it would be advisable 
for all those dealing with this subject to follow the same order in naming the 
loxodromes, it" seemed expedient to me to set forth my view why I think there is 
more reason to start from the meridian, as we have done in the foregoing, than 
from the equator, as follows: 

Especially if we say that the first loxodrome is the first, reckoning from 
the equator, this is not properly expressed, when the observer is outside the 
equator, in actual fact or by the supposition, because in this respect we ought 
not to say the first loxodrome from the equator, but the first loxodrome from 
a parallel to the equator. But even if this is done, this parallel will not fall under 
the order of the loxodromes, . and yet, not being a great-circle track, it is a 
loxodrome according to the definition. Considering this, the naturalorder of 
things seems to demand that the meridian be taken as the starting-point, for, . 
reckoning thence, the east and west track also falls under the loxodromes, being 
always the eighth, as it should be, and that is why we have followed this method 
in the foregoing. 

2nd CHAPTER. 

Of the error of Petrus Nonius 3), concerning the numerieal values of the 
loxodromes. 

When the Portuguese and the Spaniards had ,seriously started on long sea
voyages, their attention was caught by the appearance and properties of the 
loxodromes. The famous mathematician Petrus Nonius, dealing with this, wrote 
about the numerical values serving. to form thein, but he did not fix these values 
aecurateIy enough, which I do not say to disparage him, for the foundation on 
whieh he built seemed outwardly so secure that even the most experie.need people 
would at first easily have thought that the matter was like this. And if he had 
had the same oppo~nity of testing it as others af ter him found, he would have 
pereeived the error just as well as others. 
. Thus it is to be noted that in the 23rd Chapter of his 2nd book de Reg. & 
instr. 4 ) he eoncludes that the sines of the ares from thepole to the loxodrome 

1) Cf. Introduction, p. 488. 
I) Cf. Introduction, p. 482, 483, 494. 
8) . Cf. Introduction, p. 49 I -492. 
I) Cf. Introduction, p. 491. 

,.1" 
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HAf. 4- BOVCXDES E-ERTeI.OOTSCHRI.FTS~ 
. . .' . 

Cont;",1A * gheduerighe everedenhqtte viTèfen ; AIS il.tdc voorgaende form des 3 vOor
"".portione. fiels, (alwaer wy nemen R Z de vierde te fijn)aa_tghelijck houckmaet van ~ R, 

tot houckmaet va~ M X,alfo houckmaetvan M X, tot houckmaet van M Y,en 
van M Ytot die "an Ma, en van M a tot die van Mb; en van -M b, tot die van 
M Z; en daeroll1 00Ck ghelijck houckmaet van M R, tot houckmaet van M X, 
a1roo houckmaet van M h, tot houckinact van M Z: Doch dat gemift te wefen 
blijcktaldus: D~ driehouck M R X heeft drie bekende pàlen, te weten de fijde 
M R 90 tr. den houck M R X4S. tr.en den houc~ R M X I tr. Hier me ghefocht 
'de fijde M X,WOrt bevonden van 89 tr. diens houckmaet doet 9998 : Slllcx dat 
de hOllckmac;t van M R,in foodanighen reden is toue houckmaet van M X, als 

Po/um. -IOqoO tot 9998. Laet nu de cromftreeck van R totb, foo na den * afpulltgbc
commenwefcn, datM bdoe JO tr. diens houckmaet is 1736. Dit [00 gheno
lllén,de houckmaer van M Z roude moeten doen I 73 6, want [eggende hOllck· 
maet van M Rloooo,gecft houcmaet M X 9998, wat houckmact van M b 17 3 6~ 
Çomthouckmaet didijnfolldevoQr M Zalfvooren 1736: Man de fcIve foo 
niette weren won aldus bethoont : De driehouck M b Z heeft drie beken~e pa-

- len,tewclende fijdeM blO tr.denhouckMbZ 45 tr.en denhouck bMZ 1 Ir. 
Hier me ghefocht de fijde M Z, Wort bevonden deur het 42 voorflel der cJoor~_ 
fcheqriehollcken van 8 tr. 33 (D,diens houckniaet 1487. groot verfchil heeft 
vande- voorfchreven 17 36,t'wdck ty foude moeten doen om mc:t. d'ander eve
redenich te fijn. SiJJcx dat de booch M Z, die volghellde t'ghéftelde ma er en 
doet 8 ~r.310j wörtnad'andcrreghel bevonden vaolotr. t'welek I tr. 270 
te veel iS •. Maet [ulcken fcyl vallende op alleeneliek een cveredenheyrs werc· 
king,foomachmcn denckenwat gromet feyl daueropMZboven dat noch 
moet c<immen,~cur al de voorgaende ver[aeÏnde feylcn der werckinghC!il cc~. 
!nen totten bovekhreven 10 tr~ vanden afpuntgheraeckt. 

3 H OOFT sT leK. 
Vattt feyl inde tafels der cromftreken deur Ed'Vvttrt· 

PVright. 
Na de Portuguyfen en Spaengnaerden fijn i~ groore zeevaerderi-de Enghel-. 

fehen ghevolght, wekke op defé ghedaente der crórriftreken ooek acht-nemen· 
de, hebben t'feyl van Nonius belllerckt , en tot verbetering van dien foo ûjnder . 
onlancx uyrghegheventafeIender cromftreken dCur'Edwarl Wright, als die des 
·4 voorfte\s van defen, weleke de faeck ilaerdelcomnien : De pwef daer ick fuk- . 
,ke meerder naerheyt deur vermoede, was dat ick na d' ecrfie wijfe des maeckfels 
der tafelsvande cromilreken int bovefchieven4 "oorftel, focht de breeden des 
vierden cromftreecx,(in weleke t'werck licht valt; deur ghedilerighe vergaring 
ronder menichvulding ofdecling , om dat raecklijnen rechthouckmaetvan 
45 tr. daer even vallen) en dat tot op den 78 ti. der hmgde, waeropick bcvani: 
t'ovcrcommen 61 tr.26 0:Maer WTtghlS rafels hebben tot fukken plaets61 te. 
140, dicopfoo groot en langde maer 120 é~ khillen: Bovendien wasniy 
noch bekent dattetware ghetal, volghende fulck ghéficlde, mindermoeil fijn 
dan die 61 tr.26 0: Sulcxdat mydit,alsghefeyt is,vermoeri gaf van die tafelsde. 
fake na te c()mmen : (Maer hoe de ghetalen dei tafe)svan ander cromftreken . 
met fulcke rekeningen overcommen,en heb ick deur ander belet nkt verfocht) 
Doch en ilfcr de rechte gront noch niet volcommelick ghettoffen. Om hier af 
vetdaring te doen;foo khrijfick eedl: t'navolghcndc 

VER.. 
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form a continued proportion. Thus, in the foregoing figure of the 3rd proposition 
(where we assume RZ to be the fourth loxodrome), as the sine of MR is to the 
sine of MX, so is the sine of MX to the sine of MY, and that of MY to that 
of MA, and that of MA to that of MB, and that of MB to that of MZ; and 
consequently also: as the sine of MR is to the sine of MX, so is the sine of MB 
to the sine of MZ. Now that this is wrong, appears as follows: The triangle 
MRX has three known . elements, viz. the side MR = 90°, the angle MRX . ~ 
45°, and the angle RMX = 1°. When herewith the side MX is sought, it is 
found to be 89°, the sine of which is 9,998, so that the sine of MR is to the 
sine of MX in the ratio of 10,000 to 9,998. Now let the loxodrome from R to 
B have come so near to the pole that MB is 10°, the sine of which is 1,736. 
Assuming this, the sine of MZ would have to be 1,736, for when we say: sine 
of MR = 10,000 gives sine of MX = 9,998, what does the sine of MB = 1,736 
give? The sine, which would be that of MZ - as before - is 1,736. Now that 
this is not true, is provedas follows. The triangle MBZ has three known elements, 
viz. the side MB = 10°, the angle MBZ = 45°, and the angle BMZ = 1°. 
When herewith the side MZ is sought, it is found by the 42nd proposition of 
spherical trigonometry 1) to he 8°33', the sine of which = 1,487 differs a good 
deal from the aforesaid 1,736, which it would have to be in order to be 
proportional to the other. So that the arc MZ, which according to the supposition 
is only 8°33',.according to the other rule is found to be 10°, which is 1°27' too 
much. Now if such an error occurs in only one operation of proportion, one may 
(onsider how much greater will be the error that must occur in MZ in addition, 
from all the previous errors accumulated of the operations carried out before 
one reaches the above 10° from the pole. 

3rd CHAPTER. 

Of the error in the. tables of the loxodromes by Edward Wright. 

The Portuguese and the Spaniards were succeeded in long sea-voyages by tbe 
English, who, also paying attention to this appearance of the loxodromes, noticed 
the error of Nonius; and to correct this error, tables of the loxodromes were 
recently p~lished by Edward Wright, viz. those of the 4th proposition of the 
present worM, 'which are more accurate. The test on the ground of which I expected 
this greater' àccuracy was that I sought the latitudes of the fourth loxodrome 
according to the first method of making the tables of the loxodromes in the 
above-mentioned 4th proposition (in which case the operations are easy, owing 
to constant addition, without multiplication or division, because the tangent of 
an angle of 45° is equal to the sine of a right angle 2), up to 78° of longitude, 
with which I found 61°26' to correspond. But Wright's tables have for this 
place 61°14', which differs only 12' on so great a longitude. Moreover it was 
known to me that the correct value, according to this supposition, must be less 
than this 61°26', so that - aS I have said - this made me expect that those 
tables were rather accurate (But since I was prevented by other business, I have 
not examined how the values of the tables of other loxodromes agree with these 

1) Stevins's Trigonometry (\'Vork XI; i, 13), p. 302. 
2) This must he the meaning, hut the original text is not clear in this respect. 
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VANDE ZEYLSTltEICEN. I:SS 

VER,TOOCH. 
". - . c • 

Ghelijckdescromfireecxafvvijêkiilgvantmidddroiit . 
op haer voortga nc k eens langdetraps, tot haet afvvijcKing . 
op haer,voorrganck van noch çen langdetra p daer a n vol
ghendè: Alfoofeer na fnylijn dóon'bcgin van di~ ladfie '.' 
'voortganek, tot fnylijndoor t'begin deseerftenvQorc .. 
gancx . 

. TGHE G H Év EN. Laet ABCD~n Eertdoot fijnd;ensaf'p\lntA, niid~ 
, delront B ED,waeI ingheteyckent fijn de viel punten E,F,G,H, fulcx dat E F •. 

FG, G H,ekkdoen 1 tI. Op defe vier punten E,F,G,H, fi)nghetrocken de vier 
, middachboghen A E, A F, A G, A H; voort (v E leen cromftreeck , kk neem· 
d' eerfte,fnyende de vier middachboghen in K,L,M,I; Daer na fy ghctrockcnde 
booch K Nevewijdkhmet FE,enL 0 metGE,fnyende A Fin P,f'ghelijcxfv 
ghctrocken de booch M Q.! cvewijdige met HEen friyendc A Gin. 0.: Daer 

c 

nalf 
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calculations). But the correct basis has not yet been perfectly laid. To explain 
this, I fir~t give the following 

THEOREM. 

As the deviation of the loxodronie from the equator during its advance through 
one degree of longitude is to its deviation during .its advance through the next 
degree of lo~gitude, 50 very nearly is the secant through the beginning of the 
latter advance to the secant through the beginning of the former advance. -

SUPPOSITION. Let ABCD be a globe, whose pole is A, the equator BED, in 
which are marked the four points E, F, G, and H, 50 that EF, FG, and GH are 
each 1°. On these four points E, F, G, and Hare erectedthe four meridians 
AE, AF, AG, and AH. Further let EI be a loxodrome, I assume the first, 
intersecting the four meridians in K, L, M, and I. Thereafter let the arc KN 
be drawn parallel to FE, and LO parallel to GE, intersecting AF in P; similarly 
let the arc MQR be drawn parallel to HE and intersecting AG in Q. Thereafter 
let the first loxodrome he drawn from N via P to Q,which must he equal and 
similar to thepart KLM. 

This being 50, FK is the deviation of the loxodrome from the equator FED 
during its advance through one degree of longitude; i.e. the loxodrome having 
advanced from E to K, where its change of longitude was one degreè, EF, during 
this advance through one degree of longitude its deviation has. become FK, or 
EN, as beingequal thereto, because KN is parallel to FE by the supposition. 
And in the same way it is to be understood that NO is thedeviation of the 
loxodrome during its advance through another degree of longitude, coming from 
K to L, where it has received as much deviation as from N to 0, because LO is 
parallel to GE by the supposition. And for the same reason OR is the deviation 
of the loxodrome during· its advance through yet another degree of longitude, 
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IStS 4- Bovcx DESEERTCLOOTSCHRU'TS, 
na fy ghetrocken d' eerfie crom{lreeck van N deur P tot ~ die even en geHjck 
moet fijn mettet deel KLM. . . . 

DitfqowefendeFKis descromfireccxafwijcking\'anrmiddelront F E 0 op 
haer vóonganck eens langdetraps; Dat 1s. de cromftreeckvoortghegacn heb •. 
bende van E tot K;daerCe in langde verandering ghecregheri heefteCll trap E F; 
foo is opdie voonganckeens langdeiraps ,haerafwijcking gheworden FK. of 
EN als daer me even fijnde, omdat K N evewijdichis met F E deur t'gegeven: 
Eri alfoo falmen "erfiaen dat NO is des cromfireecx afwijcking op haer voort':' 
ganck van een langdetrap meer,met recommen vanKtotL,waecopfy afwijc,' 
king ghecreghen heeft fao veel als van N totO, om d:lt L 0 evewijdich is met 
GE deur t'ghegheven; En omdergheJijcke redenen is 0 R des cromfireecx af. 
wijeking op haervoortganck-van noch een langdelup meer, met lecommen 
van L tot M. Sulcxdat NQis des cromflreecx afwijekingop haet voortganck 
eens-langdetra-ps, en 0 R afwijcking op haer voortgIlnek van noch cep trap 
daeran volghende. TBE GHEE R D E. Wy moeten bewijfen dat ghelijck 
N OtotOR, atfóofcer na deJ~ylijn vandescloots middèJpunt deur L begin 
deslaetf\cn voo~tganex L M, tot fnyJijn deur K begin deseerflen voortganclC 
,K L: Maenk fnyli; n deur N,is even ande fnylijndeur K, Om dat K N evewijdi. 
'ghe is met FE: En fghelijcx is dé fnylijndeur O,even ande fnylijn deur L, om 
dat L 0 evewijdighe ismet GE, en daerom moeten wy bewijfen dat ghclijck; 
NO tOt 0 R,alfoofnylijndeurO,totfnylijndeurN. 

Maer om hier te fegghen tal wat eynde dit ftreckt,en de: fomme dc:svoor~e. 
mens int cort te verdaren,foo is te weten dat wy bethoonen fullen ,de ghctalen 
inde bove:fchreve:n tafel ghevonden, niette O\'ercommen met defe: eve~eden. 
heyt,endaerom nietheelrechue wefen. Voort hoemen deur fulcken gront. 
ghcwiffc taièlscanmaken,hoe wel deur een moey licker wereking. 

TBRWYS. 

Laetons 'ne:rnendeforrn in d' eerfie bepaling d~s houckmaetmaeckfels, wa.er 
in te anCIen valt dat den driehouck A BI, gheli jek is metten d~iehouck A F C, 

Homolog". diens* 1ijckfiandighe fijden everedenich fijn, te weten 
Ghelijck A I lot A B,alfoo.AC tot A F, . 

Maer-A Ciseven met A B,en Gemet A F,daerom 
GhelijckAI totAB,alfooABtotGC. 

Maer A lis fnylijn, A,B reçhthouckmaet, en GC houckmaet vanC E, te 
weten des 1èhilboochs van B C, daerom fegh ick by ghemeçne reghel,dat 

Ghclijck eens boochs fnylijn tot rednh9uckmaer, . 
alfoo reehthouckmaer,fot fchilboochs houckmaet. 

Dit Coo fijnde,wy commen nu totte form dcfes vertoochs, waer meickom 
defè bewcfeneveredenheytaldus fegh: . . 

Ghe1ijek int vierendeelronts A E, fnylijn deur N , dats fnylijn des 
boochs N E,tot rechthouckmaet,alfo rechthoucmaet, tot fchilboochs 
houckmact van N E wefende houckmaet van A N : Dats andermael 
int cort ghefeyt: GheIijck fnylijn deur N , tOt rechthouckrnaet, allOG 
Iechthouckrnaet, tot houckmaetvanAN. Enweclom 
Ghelijck fnylijn deur O,tot rechthouckmaet, 
alfoo rechthoul:kmaer ,tot houckmaet VlUl A O. 
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c()ming from L to M. So that NO is the deviation of the loxodrome during its 
advance through one degree of longitude, and OR the deviation during its advance 
through yet another subsequent degree, REQUIRED. We have to prove that 
as NO is to OR, so very neady is the secant from the centre of the sphere through 
L, the beginning of the latter advance' LM, to the secant through K, the beginning 
of the foemer advance KL. Now the secant through N is equal to the secant 
through K, because KN is parallel to FE. And similady the secant through 0 
is equal to the secant through L, because La is parallel to GE, and consequently 
we have to prove that as NO is to OR, so is the secant through 0 to the secant 
through N. 

Now in order to state here for what purpose this serves and to set forth briefly 
the sum of what we propose to say, it is to be noted that we are going to stress 
the fact that the numerical values found in the above-mentioned table do not 
agree with this proportion, and consequently are not quite exact. Furthermore, 
how it is possible to make accurate tableson this basis, though by more difficult 
operations. 

H 

D 

PROOF. 
Let us take the figure in the first definition of the work on the making of 

tables of sines 1), where it can be seen that the triangle ABI is similar to the 
triangle AFC, whose homologous sides are proportional to each other, viz.: 

As AI to AB, so AC to AF; 
Now AC is equal to AB, and GC ta AF, therefore 

As AI to AB, so AB to GC. 
Now AI is the seeant, AB the semi-diameter, and GC the sine of CE, viz. of the 

complement of BC; I therefore say by the general rule that 
As the secant of an arc is to the semi-diameter, 
So is the semi-diameter to tbe sine of the complement. 

This being so, we now come to the figure of the present theorem, about which 
on account of this proved proportion I say as follows: 

As in the quarter circle AE the seeant through N, i.e. the seeant of the 
arc NE, is to the semi-diameter, so· is the semi-diameter to the sine of 
the complement of NE, being the sine of AN. That is, stated briefly 
once again: As the secant through Nis to the semi-diameter, so is the 
semi-diameter to the sine ·of AN. And again: 
As the seeant through 0 is to the semi-diameter, so is the semi-diameter 
tothe sine of Aa. 

l)Stevin's Trigonometry (Work XI; i, 11), Fol. I. 
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VANDE ZEYLSTREKEN. J·5., . 
Mier rechthouckmaet atdus inde nveevoorgaende cverederiheden . middel • 

. cveièdei:1ighelijnde,foóvolght.daer .tiyt dat. . ..... 
. ..' . Ghelijckfnylijrideur N~,otfhylijn deur '0; 

. . alfQö houck'm:iéit variA O,tot bouckmaet van A N; 
'Maerghelijck hollckmaet van A 0., tOt bo~ck.maet van A.N, alroo heHondt ' .. 

. 'diens'halfmiddellijn'de houckmaet is van.A ° ;'.dai~ CrondtdaetL P d~l afis~ 
. touetrondt diens half middellijn de houckmäet isv'an A N,dals,t'rorit dàer K N 
deel afis:. Daerom '. .. ' . 

. '.' Ghelijckfnyiijn deUr N,tot fnylijndeur 0, aJfoohcrroiidtdaerLP' 
-deel afis,totletIondtdaer.K N deelafis. . , . , 

, '. Maer gheJijck henondt daer L.l'deelaf is, t~)ltet londt. d;ler KNdee1 afis;' 
alCqo het deel LP, tOttel dè:cl K N , want dck is i tr. fijns Iondts deurt'gheghe-
,ven: . Daerom . . . ," : ., . .'. , . ,.... . ' .' ,. . 
. .. . Gheli)ck fnylij'n deur N~ tot fnyJijil denrO,aifoo L!>, tot K N. . . 

MaerL P en K N lijn Iijckfiandighe lijden in twee-driehoucken Q.!: P; 
P K N, die na ghenoueh gltelijck lijn,(ick lègh naghenoueh,uyt oirfaeek datfe 
fo na malcander ftaen,en fo c1eëndijden hebben,waer ~(ur ooek int venooch 
ghefeyt is Alfoo fltr na) daerom Cy fijrimei d' and~r lijckfiandighe Q L, P K cve. 
rcdehkh, dätis ", 

GhelijekL P tot K N,alfooQ..L,totl> K: En verv())ghens , 
Ghelijekfnylijri deu~ N,tot fnyliiri deur o,alfoO ~ tot P K. 

Màer R 0 is even met Qb,e,n ° N met P K: Dae~om. . 
.' qhè:lijck fnyJijn deur N)tot [nylijn dCi,u O;alfóoR 0 tot 0 N. 

En dè~r verkeerde r.~den,. . . . . 
. . . GheJijckO Ntot OR, alfoofuylijn deur O,.tot fnylijn deur N. 

TB.I? st. V YT. GheJijekdandeseromfrreeex afwiickingvantmiddelrónt, 
,op haer voortganeke~ns la ngdet raps , to~ hae~ afwijeking op haer voortga nek 

- VaD noch een langdetrap .daer na volghende: AICoo feer na fn yli; ~ door t'begia 
van die .laetfte voortganek , tot fnyli j n .d<?6r, (bègin des. ~er~éQ; vóottgaDCX, 
t'welc~wy bewijfen moefren. .' . ',' ,_ . '. . .' ., ... 
. Defe tweredenheyt aldusvaft en bekC'n(ûjnde, wy Cullen tot onsvoàtghCn~ 

· ,'men.vercJaIiqg van t'feyl dertafels commen.: .,..., '.' .. .... , .'. . 
Laet E I indeform de[es veIloochs,bcleyekenen d'eetfteeromfrreeck,daer in 

. . Wy on~ voö.l'fiellen te moeten vinden de twee bréeden F K, G I... \J m dan ma ' 
· .tevi~den F K,ie~ Cegh den drieh9\lck KF E (die iek ten éèrficn "oor plat anfie; 
~m:dät,fulqcedIi$:houckèri inde. rafels \',oor plat ghèilonicn wicrde~) ie hebben 
dri~ bekende pálen, te Welen denhouek KE F 78 tr. 4.s CD, KFEtecht , en FE. 

" i Ir.' Hier me gheCocht de lijde K~; enallesberekent Iridrëëhiho'ue!tmaet van· . 
Joéx:xXlOc;>,tot op CD toe,wott bevonden deur,het 4 voorf,lel der plattedriehóuc'" 
',keDvans tr. 1 ® 380. MaerE~ isevenanFK ,daerömENdpct ooà: str. 
I Q)3 8 $ .. Nu dan !"l E bekent (J-jnde,enomna de regel des,voorgaenden ver
.t.~hs te,vindenN O,ièk,fég.aldus: Snylijn ~kurN,dats van -N ES tr.l CD 38® 
d~ndelOO38616,ghèe(tfnyljjn dèur;E doende looocooo,(qie,w,ybier fnylijn 
· J)eeten,.hqewel het eyghenrliekgheen enis, marr om. de naéO:toa de Iegheltc: 

.'. '. ghebrqycken) \vàtdeb<x>ch NE j tr •. l CD 38 0? Comtvoorde boochN.o 
j.tc.c.C!) 2.8 0: DievergaeIttot NE" tr •. 1 CD 38:0 ,comt yoor'EO,datsoock: 
voor debc:ghecrde G L -10 rr. 2. C!) 6 0: 1;:0 foo veclwoIt, oo,k volcommelick 

. be,v()Ddeo vplghende d'eerfre wij fe des maeckfels vandc tafcls;~er eroIilftrcken 
int,.... voórfiel;want N K als gront des reehtllo!le~ig~en çlricho.u,cx P K N ~ doet 
.s'9.0 46 (:),waer. me de Ieghcl gevolght;dem raening Qer platte driehoucken. 

.... '.' . . ' . 0 . men'. 
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Now since tbus the semi-diameter in the two foregoing proportions is the mean 
proportional, it follows from this that . 

As the secant through N is to tbe secant through 0, 
So is the sine of AO to the sine of AN. 
Now as the sine of AO is to the sine of AN, so is the Circle whose semi-diameter 
is the sine of AO, i.e. the circle of which LP is a part, to the circle whose semi
diameter is tbe sine of AN, i.e: the circle of which KN is a part~ Therefore: 

, As the secant through N is to the secant through 0, so is the circle of 
which LP is a part to the circle of which KN is a part. ' 

Now as. the circle of which LP is a part is to the circle of which KN is a part, 
so is ~he part LP to the part KN, for each is 1 ° of its circle by the supposition. 
Therefore: 

As the secant through 'N is to the secant through 0, so is LP to KN .. 
Now LP and KN are homológous sides in two triangles QLP and PKN, which 

are neàrly similar (I say: nearly, because they are so close to each other and have 
suchsmaJl sides,on which account the theorem also spoke of Jovery nearly), 
therefore they are proportional to the other homologous sides QL and PK, i.e.: 

As LP isto KN, 50 is QL to PK. And consequently: 
As the secant through N is to. the secant through 0, so is QL to PK. 

Now RO is equal to QL, and ON to PK. Therefore: 
As the secant through N is to the secant through 0, so is RO to ON . 

. And by the inverse propoition: 
As ON is to OR, so is the secant through 0 to the secant through N. 

CONCLUSION. As therefore the deviation of the loxodrome from the equator 
during its advance through one degree of longitude is to its deviation during its 
advance through the next degree of longitude, 50 very nearly is the secant through 
the beginning of the Jatter advance to tbe secant tlirough the beginning of the 
former advance; as we had to prove. 

This pioportion thus being established and known, we shall (ome to our 
proposed exposition of the error of the tables 1). . 

Let EI in the figure of the present theorem designate the first loxodrome, on 
which we propose we have to find the two latitudes FK and GL. In. order to find 
first FK, I say that the triangle KFE (which to begin withI regard as plane, 
because such triangles were taken as plane in the tables) has three' known 
elements, vÎz. the angle KEF = 78°45', KFE = 90°, and FE = 1°. When 
herewith the side KF is sought and everything is calculated with a semi-diameter 
= 10,000,000, to the nearestsecond of arc, it is found by the 4th proposition 
of plane trigonometry 2) to he 5°1'38". But EN is equal to FK, therefore EN is 
also 5°1'38". Now NE tbusbeing known, in order to find NO according to the 
mIe of the foregoing theorem, I say as follows: Secant through N, i.e. NE = 
5°1'38", being 10,038,616, gives secant through E, being 10,000,000 (which we 
here call secant, although properly speaking it is no secant, but we do 50 in order 
to use the name that accords with the rule); what does the arc, NE = 5°1'38" 
give? The arc NO becomes 5°0'28". When we add this to NE = 5°1'38", EO, 
i.e. also the required GL, becomes 10°2'6". And èxactly the same value is also 
found according to the first method of the making of tables of the loxodromes' in 

1) Cf. Introduction, p. 488-490. 
I)Stevin's Trigonometry (Work XI; i, 12), p. 147. 
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IS' + 'Bov ex DES EER. TeL 0 0 TSCHRIfTS~. 
men bevint K P ,dars oodt\'OOr N o van S tI. o@ 2.8 0 , el1vervolghensE 0 
inde bovefchreven volcommenheyt. Maer niet alfoo deur de tweede wijfe,waot 
alles met 0 ghe.wrocht,daer comtvoor G L i 0 t,r; I 0. Maer om de fel \'e twee,. . 
de wercking hierbreeder Ie verclaren ick fegh aldus:Ghefocbt inde tafel der v~r,. 
facmdcfnylijnenwatteIovercoml op 5 tr. 1 ® 38 ®van EN, wort bevonden 
3020 , daer toevergaert noch eeris 3020 cornt 6040, \Vaerop indelèlve tafel 
overcommen voor G LofE 0 l"OII.10, die 1 060 verlchillen vand'an,. 
derxotI. % ® 60, endaerom en is dit niet heel volcom!ilen., wanthicrme 
voortgaendemenghcrae<ktallenx tot noch wat meerde r verfehil.· . . 

Merckt noch wijder de reden te vereynèhen,datmen int foueken van K F des. 
driehoucx K F E,den kh'en driehouck nieten behoort te nemen voor plat, ge
merckt de twee iijden daermen rekening me maeckt ab E F ) FK boghen lijoa 
fulcx dat F Kgefocht deur rekening derclootfche driehoueken, WOrt be\'onden 
van 5 tr.o ®jl ®,die vand'anders tr.l ® 380 verfchillen 470 ;Want hoe
weldie in haer klven voor t'eerfiedeen fijn.int ver\'olgh wonki fey! grooler. 

4 H 0 0 F T S TIC K. 

Hoe t'maeckfel van ghevvitfe tafeIs der cromftrekcn 
foude meughen ghefchlcll na t'ghevoclen des Schrijvers. 

Ghelijckghevonden is N 0, deur een werckinggetrocken uyt hetvertooch 
int 3 Hooflfiick defes Anhangs, alfoo fal ghcvondèn worden 0 R; fegghcnde 
fnylijn van C E,gheefrfnylijn vauN E ,wat de booch NO ?f'gene daeruyt 
comt is voorde booch OR,wdcke vergaerttot 0 E,men crijcht ER,dats oock 
H M breededes 3 tr.derlangde. En om daer naele vinden de breedè van noch 
cen langderrap voorder )die ick neem te wefen R S , ick fegh :'Sny lijn van R E, 
ghecftfnylijnvanOE~wat de booch OR h'ghenedaer uYlcomtisvoor de 
boochR S,enfoo vOOrt met d'ander. 

MER C IC T nu noch dat deur l' nemen van deender boghen der langde, feker
delwcrck valt dan deur groot er ,om bekende oirfaken :Maer om verfekert t« fijn 
datmen de boghen eleen gbenouch neemt, dat fal ghelèhien deur een dobbel 
wercking, aldus toegaende : Benevens t'vinden der breeden deur t'nemen .der 
langdeboghen van trap lot trapals hier vooren, foo falmen noch doen een 30:' 
der wercking van halve trap tot halve trap, fóo 1anghe aHfe gheen hinderIick: 
·verfchil en hebben: Maer beginn<nde hinderlick ,·erfchil te cri;ghen , men fal 
d'eerfie wercking van trap tottrap verlaten.i blijvende by die van halvetrap'tot 
halve trap,endaerbenevensnoch vougendeeen wereking van vierendeel traps 
tot vierendeel traps,dats van J S ® tot J S ®,weJcke voordercommende, foofe 
ooek hindcrlickvelfchil creghen , men fal die van hal re trap tot halve trap ,'er
laten, en voughen byd'ander een wereking van noch deender bogben als van 
10 CD tot io®. En daer me canmen,hoe wel de wereking moeylick valt, tot fe. 
kerheyt Coinmen,wam gheen hin<lerliek ver[chilvaIlendetu1Ièhen tweewerc. . 
kinghcn, d' eene deur t' nemen van heele langdetra ppen,d' ander van halve, ten . 
is niet noodich [00 verre met noch deen der boglM:ri te wercken dan met halve, 
want t'ghenemen daer dc:urnaerder vonde, foudedoor meerder moeyte ghe. 
khien fonder rot voordeel te fireeken. 

Merckt noch dit foomen defe wereking Wilde doen ~a d'cerflewijfe des . 
maeckfels vande rafels der erómfireken int 4voorfiel, t'[oude oirboiriijn eerlt 
te maken een tafel van t'ghene I tr. langdelèhil buyten t'middelront, doet 

in 
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the 4th proposition, for NK, being the base of the right-angled triangle PKN, 
is 59'46", and when the rule is followed, by a calculation of plane trigonometry, 
KP, i.e. also NO, is found to be 5°0'28", and eonsequently EO is found as 
exactly as above. But. it is not like this by the seeond method, for when everything 
is ealculated to the nearest seeond, GL becomes 10°1'. Now in order to set forth 
this seeond operation more fully, I say as follows: When one looks up in the 
table of the assembied secants what value eorresponds to the 5°1'38" of EN, 
this is found to he 3,020. When one adds thereto another 3,020, this becomes 
6,040, to which there corresponds in the said table for GL or EO 10°1', which 
differs 1'6" from the other value of 10°2'6", and consequently this is not quite 
exact, for if one continues in this way, the difference gradually increases. 

Note further that reason demands that when seeking KF of the triangle KFE, 
one ought not to regard this triangle as plane, sinee the two sides by means of 
which the calculation is made, viz. EF and FK, are ares, so that FK, when sought 
by a calculation of spherieal trigonometry, is found to be 5°0'51", whieh differs 
47" fromthe other, 5°1'38". For although at first it is small in itself, the error 
will beeome greater in the sequel. 

4th CHAPTER. 

How the making of accurate tables of the loxodromes might be effeeted in the 
opinion of the author. 

As NO has been found, by an operation derived from the theorem in the 
3rd Chapter of this Appendix, so OR must be found, saying: secant of CE gives 
seeant of NE, what does the arc NOgive? The result of thisis the value of the 
arc OR, and when we add this to OE, we get ER, i.e. also HM, the latitude at 
3° of longitude. And in order to find then the latitude at yet. one degree of 
longitude further, which I assume to be RS, I say: Seeant of RE gives seeant of 
OE, what does the ,arc' OR give? The result of this is the value of the arc RS, 
and so on with the others. 

NOTE further that when taking smaller ares of longitude, the operations are 
more accurate than when taking larger ones, for known reasons. Now to ensure 
that the ares are taken small enough, a double, operation has to be performed, 
as follows. Besides the finding of the latitudes by taking the arcs of longitude 
from degree to· degree, as hereinbefore, another operation must be performed 
from one half degree to the next half degree, as long as they have no appreciabie 
difference. Now when an appreciabie difference begins to app('ar, one must stop 
the first operation from degree to degree, keeping to that from one half degree 
to the. next, and adding thereto an operation from one fourth degree to the next 
one fourth degree, i.e. from 15' to IS', and when this has gone ,on for some 
time, if again an appreciabie differenee arises, one must stop the operation from 
one half degree to the next, and add to the other an operation with even smaller 
ares, viz. from 10' to 10'. And thus, though the operation is difficult, one ean 
atta.in to accuracy, for if there is no appreeiable differenee between two operations, 
the one by taking whole degrees of longitude and the other by taking half 
degrees, it is not necessary to operate further with ares even smaller than half 
ares, for what one might thus gain in greater exaetness would bè obtained by 
greater trouble without yielding any advantage. 

Note further that if one wanted to perform this operation aeeording to the 
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VAND'E ZEYLSTREKEN • 
. . . in @,@ en ID des Duddelronts~a1s de' ta fel des achlften cromfireecx, en dat nitt 

· ,,:aD 3ó IOtJO 0 der breede;noch berekent tot op CD alsdie,maèrvan 0 tot @ 
der br~ede,en berekenttot op CD;. '. . ... 

De mócytedcs maeckfels van fulcken tafelghcdaen wcfende, riS kenncliclc . 
· dat de voorderwercking danghefchien foude alleen deur mè.llichvulding fqn-
· der deèling;c:bermenna de: voorgaende ander wijfe mct fnyUjnen,benevens d~ 
menichvulding een deeliDg moet doen, doch CD i(fer dan fulcken 'tafcl nict te: .. 

.. maken. ... ....... '... . .'. . . . .' ... . 
· Dit isde fekerfte wech die my nu te vooren oomt, cri hoe wel de' wercking ... 

.. ' . moeyli~kfoude vallen,doch eens wel ghedaen wefende, men foude hem dàer. 
op meughen betrouwen. Mäerfooder midd.dertijtdeur ymam ander lichter 

· . werckinj; meI ghenouchfaem beweren fekerheytghevonden wierde, t'wact 
billich die te aenvaerden. . 

1 H 0 0 FT STreK. 

· Boemen fcherperopt Zee'cOlnpas (oude connen [eyIen 
'<fan na t'ghemee'nghebruyck.' .. ..• ... '.., . .. :' , 

Het zeecompas placht ecrtijts gh(deelt te fijn in snreken '; t' welckdaernaë 
· doen dcwijdet zcevaerdeo nauwer toelicht vereyfchten,gheeommen is lOt:3 2~ 

·:En hoewel eenigedie'halven,voordercomineDde tot 6+ firé:kcn~ doch houden 
'anderdefe laetfte de~ling voor onnoodich, achtende f':11c:nfchm gé/icht: in een' 

" várendc fchip op foo clcc:neghedeclten'desronts ghc;en reker oirdeelte eonnen 
· . hebben. Maer fijn v 0 R S'T ELI C K E OH E N A bEdefcn.hallddder fcherp
· fc:yli~g grondelick o\"erdenckeflde,hecf[ daer af midddvoorgewenr.omJmen~ 
· fchen oirdecl [ekeI te connen fijn nietalleenop 64fireken,macrop fireken vaJJ 
trap tor trap der 3éo daermen de ronden in deelt, ja' lorop.ghc:deelten eeQs· 

.. ;·traps, fulcxdat \;eifcheyden menfchenop een,varehdefchip t'famenin heiiCe- . 
· compas [lende,fullen al ghelijckelick uyt eeDen mom noemen een'feh·c 'tr.ip~· .. 

.. ja helft of vierendeel vim dien, na dat den tu~ch groot en forchvuldelick mocht 
ghemaeckt fijn. Eride Want dit fiofis mette voorgaende ghèmeenfëhap heb •.. 
· bcnde,foovervough ick t'felve in deren Anhailg. daeráf ecn cortc verdaring 

· doelÏdemet tWee voorbeelden, . 

. . , 1 Vocrb~e!tdeur."eefJuecompii!·mt'lte le!yopR~fptlpid-~: .. 
.I.aet ABC D E FGeeri zecCompas bcduyen ,wa~ i,n een:rondt ftiif r~piêr 

fy, nièt met 'J2 fireken na deghemeenè wijfc, maermèl3 óO tr. te wetèn;clck 
'viercndrélronts in 90 tr.gheteyckent opt uyterfie des cants van Wdve pap~er,êri . 
beginnendë de telling in yder vicrendedvantmiddaéhrèbdi af: En daet onder 

: noch een ander rondt fiijfpapier,wàclin hetyfcr gdl:rckenmet·zeylficen van· 
. llghr, om alroo'na t'ghemeen ghebruyck de àfwijckirig dès yfers varideJdy foo 

grootte fielleD~ als defeylnacldens afwijckingvantneordetiop detègenwoor.o 
dighC:'Plaets vèrcyfcht. . . . ..... ;, . .; .'. ' .., ....:. 
., Opdenbuytecarit derca(fe van Culckeri compas. Cy ghetrockeneenJinii'echt 

, over 'eyrtdé als CE,daeuia net Jiniken C H,van C .na t'ii1idd~lpi.tnt des compas 
~hc:cknde, ~n ilochcën ander van H recht neerwaèn· evewijdièh coinrriende 
Jl1Cl CE: y oon fyhet punt A foo,datdc verdachte liili vanC lot A , ftrecke 

. ··'0 z 'n:cbt 
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first method for the making of the tables of the loxodromes in the 4th proposition, 
it would be expedient first to make a table of what lOof difference of longitude 
outside the equator is equivalent to in minutes, seconds, and sixtieths of seconds 
of the equator, like the table of the eighth loxodrome, not from 30' to 30' of 
latitude, nor calculated to the nearest second, like the latter, but from' minute 
to minute of latitude and calculated to thenearest sixtieth of a second. 

The trouble having been taken to make this tabie, it is evident that the further 
operations would then have to be performed only by multiplication, without 
division, whereas according to the foregoing other method by means of secants 
it is necessary besides the multiplication to perform a division, but in that case no 

. such table has to be made. 
This is the most accurate method that I can think of now, and even though 

the operations should be difficult, once they had been performed satisfactorily, 
one might rely thereon. But if at any time an easier operation of sufficiently 
tested accuracy were found by someone else, it would be reasonable to adopt it. 

5th CHAPTER .. 

How one might steer more exactly by the mariner's compass than is usually 
done. 

The mariner's compass was formerly divided into 8 points, which number was 
afterwards, when the longer voyages called for greater, accuracy, increased to 32. 
And although some people halve these, thus arriving at 64 points, others consider 
this latter division unnecessary, being of the opinion that man's eyesight cannot 
judge with accuracy ina moving ship about such small parts of a circle. But 
His Princely Grace, thoroughly reflecting on this subject of accurate steering, put 
forward a m"ans to ensure the accuracy of a man's judgment not only with 64 
points, but with points from· degree to degree of the 360 into which a circle 
is divided, and even to parts of a degree, so that several people in a moving 
ship, when looking together at the compass, will all with one accord and unani
mously name the same degree, or even one half or one fourth thereof, according 
as the instrument has been constructed large and accurate. And because this is a 
subject that is connected with the foregoing, I include it in this Appendix, giving 
a short explariation thereof with two examples. 

1 sI Example, by means of a Mariner' s Compass wilh Ihe 
Fleur-de-Iys on Cardboard. 

Let ABCDEFG denote a mariner's compass, containing a circular piece of 
cardboard, not with 32 points, as usual, but with 360 degrees, viz. each quarter 
of the circk marked in 90 degrees on the ·circumference of the said piec,e of 
cardboard, the counting commencing in each quarter from the meridian. And 
underneath itthere is yet another circular piece of cardboard, on which the needle 
touched with loadstone is fixed, in order to adjtist by the general custom the 
deviation of the needie from the fleur-de-Iys to the value required by the de
viation of the magnetic needie from the north at the plate in question. 

On the outside of the box of this compass let there be drawn a vertical Hne, 
viz. CE, then the small line CH extending from C to the centre of the compass, 
.and yet another from H vertically downward, coming parallel to CE. Further let 
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recht ovér t'middelpunt vant èompas: Daer na fy van A noch een lini recht 
neertwaert ghetrocken opden buytecant tot G, als A G, fulcx dar de verdochte 
lini van-E tot G, firecken moet recht ondert'middelpunt vant compas. Dit foo 
lijnde, Laet nu 1 KLM de gromteyckcning van een fchip bedien,waer in N 0 
is de plaetsdaermen al feylcndet'compasopftclt: Op ('plat van t'fdvc fal ghc-

K 

,~~~----------~--~----------~ 

..M.. 

tIocs:en worden een lini P~vewijdich flrcckende mettet kiel des fchips,(die 
ick daetom kie1lini noem)te weten in cen lini of gefpannen draet als 1 L, com
mende uyt het middel vant achterfte des fchips, totter middclfte vant voorfte. 
Maerwant P Q in defc teyckening feer cort valt, foo fal ickt>m int volghende 
bequamelicker verclaring te meughen doen, andermacl· trecken een langhe[ 
Jini RS,die icknu houde alsvoor kiellini in e.en fchip ghetrocken te ujn, na de 
meyning alf\'ooren. Op defe kicllini R S (almen het compas ftellen, foo dat de 
tWee punten E enG, eftèn tommen dacr op te paffen. 
. Omnu hier deur met fckerheyt te fcyJen tot op trappen of cleender gedeeltes 
als by voorbeelt te moeten ghefeylt worden opden 17 Ir. van weilen na zuyden~ 
men fal t'1èhip foo flieren, dat den felven 17 tI.altijt paffe op de lini diegefeyris 
. te ftreeken van H neerwaert evewijdeghe met C E, want foo lang die overcom
men. machmen feggen t'voorghenornen oirdcel van nauwer fekerheytgevon_ 
den te wefen,overmits dat fo hacft dien felven 17 tr. een trap of een halve wijQ 
vande voor[chrevcn lipi onder H;al·de ghene diet fien ,cullen,al offy uyt cenen 
montfpraken.terfiontt'famen connen feggen hoc veél het buyten den wech is. 

2 ropr .. 
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the point A be sueh that the imaginary line from C to A extends straight through 
the eentre of the eompass.Thereafter let there be drawn from A a lioe vertieally 
downward on the outside to G, viz. AG, so that the imaginary line from E to G 
must pass straightbelow the eentre of the eompass. This being so, ·let IKLM 
denote the plan of a ship, in whieh NO is the plaee where during the voyage 
the eompass is mounted. In the plane of this let a line PQ be drawn parallel to 
the keel of the ship· (whieh I therefore eall "keel-line" 1), viz. in a lioe or 
stretehed thread, viz. IL, extending from the middle of the rear part of the ship 
to the middle of the front part. But beeause PC in this drawing is very short, 
in order to make possible a more eonveoient explanation in the following, I will 
draw onee more a longer line RS, whieh I now eonsider as having been drawn 
for the keel-line in a ship, as meant before. One must place the compass in this 
keel-line RS, so that the two points E and G coincide exactly therewith. 

Now in order to steer an exact course by this means to the nearest degree or 
smaller divisions, e.g. if one has to sail on the 17th degree from west to south, one 
must steer the ship in such a way that the said 17th degree always eoincides with 
the line which has been said to extend from H downward parallel to CE, foras 
long as these eoincide, we can say that the intended more accurate judgment has 
been found, since, as soon as the said 17th degree deviates one degree or one 
half degree from the aforesaid line through H, all those who see it will be able 
to say with one accord, as if they were speaking with one mouth, how far it is 
out of the course. 

1) Fore-and-aft Hne. 
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2 Voorheeft deur een z:.,eecompas met eenfèylnaelde. 
Maer want de punt van een feylnaelde alleen draeyende fonder ftijf papier, . 

fèherper eh (ekerder verthoont de nàelJens natuerlicke wijting,dàIi. tweecrom.~ 
me beftreken yferkens diemenghell1eenelickruytwijs teghen t'papieç plàtkt, 
foocan fulcx deur foodanighen bloote feylnàeldc met noch meerder lèkerheyc 
gedaen worden,aldus: Defe ABC 0 E FG H R S van beteyckening fijndeals 
int eerfte voorbeelt, men fal indenbinnecant der caffe daer de linivan H neer
waert incomt , teyckenen . d: 366 tr. te weten viermael90 tr. beginnende t' een 
vierendeel van H na B,t'ander van H na D, f~elijcx van A na B~ en van A i1á D; . 

F 

Voort falmen an t'punt H lèhrijven noort,an A zuyt:Maer an B; t'welck na de 
ghemeene wijfeweftfoude fijIi.,falmen ooft ftellen,eti an Dweft.Daer na foo 
veel de feylnaeldensafwijcking ter teghenwoordighe plaets is, op fuIeken ver
heyt falmen ('pUnt E vande kiellini R S ftellen. Als by voorbeelt wefende de 
afwijcking 10 tr. van noOrt na ooft, men faI den 10 trap van C na B doen over~ 
commen op de kiellini R ~,want alfdan moet t'pum E oock 10 tr. vande kielIini 
verfchilIen. Dit foo tijnde ,en darmen by voorbed! ghefeyt Wilde varen i 7 tr~ 
van weft na zuyt, men fal ('fchip foo L1:ieren,datde punt vande feylnaelde pa1fe 
opden 17 trap v~nt weften af mi zuyt dat indecafiè ftaet, en is open baer datmen 
dan t'begheerdè fat doen, metmeetder fekerheyt dan na d'eerfte wijfe. 

Maer foomen vrèefde datdefeverkeerde ftelling van ooft en weft~om d'on
ghewoonte wille dwaling mocht vc:roirfaken , voor de bootfghefellen die te 
loer Lben: De Stier man foudt in plaets vànde namen der vier winden,meugen 
ghebruycken de vier letters A,B;C,D, en in plaets van hun te bevelen datlè fey
len fouden 17 tI.van weft nazuyt,mach bevelen tefeyleri 17 tr.vap D na A. 

Voort om met meerder bequaemhc:yt het noort der ca1fe oft'punt E, fo v.er
re vande kiellini te ftellen, als de naeldens afwijcking vereyfcht, men foude van 
de kiellini af over beyde fijden 40 of ,0 tI. meughen teyckenèn, om de ca1fens 
pUnt E te ftellen op fulcken trap als de afwijcking mebrengt, makende int mid
derpunt vanCulcken ront een pinneken, om de caLfe met haeI bodems middel
punl (een putkcn dacr in gheboort lijnde) op te draeyen. 

DER S EY L S T R E. K E. N 

EYNDE. 
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2nd Example, by means of a Mariner's Compass with one 
Magnetic Needie. 

589 

Now because the point of a magnetic needie turning by itself, without a 
piece of cardboard, shows the natural pointing of the needie more sharply and 
accurately than two bent magnetized irons such as are usually stuck in the form 
of a rhomb against the paper, this can be do ne with even greater accuracy by 
means of a simple magnetic needie, as follows: The figure ABCDEFGHRS having 
the same letters as in the first example, in the inside of the box, where the line 
descends from H downward, the 360° must be marked, viz. four times 90°, 
starting one quarter from H to B, the other from H to D, similarly from A to B 
and from A to D. Further one must write north at the point H, south at A. 
But at B, which ordinarily would be west, one must place east, and at D west. 
Thereafter, as much as is the deviation of the magnetic needie in the place where 
the ship is at the moment, at such a distance 1) from the keel·line RS one must 
place the point E. Thus, for instance, if the deviation is 10° from north to east, 
one must cause the 10th degree from C to B tG coincide with the keel-line RS, 
for then the point E must also deviate 10° from the keel-line. This being so, 
and if one wanted, for instance, to sail 17° from west to south, one must steer 
the ship in such a way that the point of the magnetic needie coincides with the 
17th degree from west to south marked in the box; it is obvious that one will then 
perform the required operation with greater accuracy than by the first method. 

But if one should be afraid that this reversed placing of east and west might 
cause errors, on account of its unusual nature, for the sailors who are at the helm, 
thc navigator might use instead of the names of the four points of the compass 
the four letters A, B, C, and D, and instead of ordering them to steer 17° from 
west to south mayorder them to steer 17° from D to A. 

Furthermore, in order that one may place the north of the box or the point E 
more conveniently as far from the keel-li~e as the deviation of the needie requires, 
one might mark 40° or 50° from the keel-line to both sides, in order to place 
the point E of the box on such a degree as the deviation caUs for, fitting in the 
centre of the circle a small pin for the box to pivot on at the centre of its bottom 
(in which a small pit has been drilled). 

END OF THE SAILINGS. 

1) Stevin means a rotation through 50 many degrees. 
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DE WYSENTYT 

THE AGE OF THE SAGES 

From the Wisconstighe Ghedachtenissen (Work XI, i, 21) 

This chapter for~s the introduction to Stevin's Physical Geography. He gives 
an exhaustive exposition of bis views about the "Age of the Sages", which was 
already discussed by us in the introduction to Vol. I (p. 44; cf. also the Discourse, 
pp. 59 H.). In connection with the promise there made we now reproduce two 
fragments of this chapter, while a summary is given of the rest. This treatise gives 
a curious insight into Stevin's personality and into his opinions about language, 
the Renaissance, and the study of science generally. 
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VA N SYNBEPALINGHEN INT GHEMEEN. 0 

6 BE PA L ING. 

WYSENTYT noemen vvydie, vvaer in bydemenfchen. 
een feltfaem vveten[chap ghevveeft heeft, t'vvelck vvy 
deur [eker teyàens ghevvi{fehck mercken,doch fondeue 
vveten byvvie, vvaer,o[ vvanneer. 

Anghelien het int volghende dlekwils te pas fal eommen, t'on~hewooniick 
WOOIt Wyflntijlte noemen,endat mijn voornemen is t'fijllcler plaets te weten 
inde navolgende vernieuwing des Wy(ent9ts, verclaring re doen,hoemen mijns 
bedunckens de faeek an foude meughenlcgghen, om weerom re gheraken tot 
alfulcken groore we!enfehappen tooin Hemc:1loop als ander ftoffen, ghe1ijck 
wy mercken by demellfchen eertijts gheweeft te hebben, fo heeft my noodicb 
ghedocht Jen fel ven tij r re bepalen alfvooren, 

Maer om hier afbreeder verc1aring re doen ick fegh aldus: Tis int ghebruyc;k 
darmen den tijt van over ontrentneghen of thien honden jaren, tot over on
trent 1 jO jaren, noemt Barbarum (r.eculflm, Coo veel te fegghen als Leeckerijr. 
om dar de melJfehen feven of acht honden jaren lanek waren als lcecke,fonder 
oeffeningderlettersof vrye eonLlen: Twclck fijn oirfpronck nam doen de 
Chrillenen d'overhan! creghen boven de Heydenen: Van welckefy te vooren 
veel ghc:leden hebbende, en daer benevens de H.eydenfehe Rc:ligie feer haten
de, verbranden en vernielden niet alleenelick alle boucken der Religie, mette 
ghelle daer eenich vermaen van hare Goden in Llont,maer oock der vrye con
tien d' een menen anderen, waer fyfe èrijghen conden • Ten .1aetftcn heeft dit 
cen cyndc ghenomen ,·fulcx dalmen peel verkeert de verborghen overblcveJ;1 
Heyden[che boucken,weetOm in allen houcken ghefocllt he~t. int licht ghe
brocht,cn met groore neafiicheyt en con doen drucken, niet alleen van vrye 
conLlen, maer.oeck hun Goden aeJ;lgaende, fulCJCdattet nu ydcr .Chriften vry 
fiaet die in fijn ghedichten te aenroepcn, 111 ghedichtcn der Cpriftelicke i\.c1i
gie te vermenghen met veerfen vande raniJllding çlcr Heydenfche Goden. en 
die daer in fecr ervaren fijn, worden dacfom oock f~rghcleert ghenoemt. Nll 
a1foo benevens eenighe ydelheden,oockernfiighedinghen voort quamen,en 
dat de letters en vrye conften weerom op de beenen.gherochten,men.hetft die 
voorfchreven rijt van feven oft acht ho~dert jaren,lot ondcrfcheyt des tijtsdiet 
J1U is, en dntrent duyfcnt jaer daer tevooren was,gbenoemt a1sghefeyt is Leec
ketijr, by welde d'ander verleken, Wijfltijl foude meughen beeten: Doch tot 
fulc:ke Wij(t191 en fueckt ons meyning in de bovcfc:hre.ven bepaling niet, want 
die met d'ander feven ofacht hondert jaren, al t'famen nier dan' Ieec:kc tijt en 
fijn, verleken by den onbekenden rijt dlcwy deur tcyckens fekerJick .merckC4 
!;hewc:c:ft te hebben, . Maer om vanddèlve teyilins breeder verclaring te ~ 
kkkgh: 

TEN EER S T.E N dàtter bydemenfchen eengrOOte ervariogenkennis des 
HemcllOOpsgheweeft heeft, welcke 'ten tijde van liyppau!m4 cn:Pi~/WJt~ by,.. 
.eans te nieten vergaen was,fulcxdatal t'ghençfydaerafbcfchrcven hebben, 

. maer voor overblijffeIs te houden en fijn van t'ghènedanergheweeft badde, 
want den eerfien grondt waer deur het inhoudt dier overblijffels ghcVondcil 
Wiert, te wetcn de ervaJingsdachtafcl~ fijn veiloren,en men hctfdi:dert ghccn 
ander ghemaeck.t; ....'. ~ __ ._. J • 

- . . . "...."..am", 
Angaende het ongheregelt roerfe! der Dwaelders dát P1Ditmem de * tweede "'1"46141_ 

. . oneVen-
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6th DEFINITION. 

AGE OF THE SAGES we eall that time in whieh exeeptionallearning was to 
be found among men, a faet whieh we pereeive with eertainty from eertain signs, 
but without knowing among whom, where or when. 

Sinee in the sequel the unusual term Age ot the Sages will of ten be mentioned, 
while it is my intention to set forth in its plaee, to wit in the subsequent treatise 
on the restoration of the Age ot the Sages, how in my view we might set out to 
attain onee more to sueh great learning, both in astronomy and in other subjeets, 
as we perceive was formerly found among men, it appeared necessary to me to 
define this time as above. 

Now to set this forth more fully, I say as follows. It is customary to eall the 
time from about ni ne hundred or one thousand years ago to about 150 years ago 
Barbarum saeculum, that is to say Age ot the Ignorant, beeause for seven or eight 
hundred years men were ignorant, not practising letters or the liberal arts; which 
[condition] originated in the days when the Christians prevailed over the pagans. 
Having previously suff~red a great deal from the latter and moreover deeply hating 
the pagan religion, they burned and destroyed not only all religious books, along 
with those which contained any information whatever about their gods, but also 
those on the liberal arts, one along with the other, virherever they could lay hands 
on them. Finally this came to an end, so that on the contrary the hidden pagan books 
that were left were again sought for in every corner, brought to light, and printed 
with great zeal and at great expense, not only those on the liberal arts, but also 
those concerning their gods, so that now every Christian is free to invoke them 
in his poems, nay, to introduce in· Christian religious poetry verses concerned with 
the whole lot of the pagan gods, ànd those who are greatly proficient in it are 
caUed very learned on this account. Now since, besides some trivialities, also 
serious things emerged, and letters and the liberal arts· were thus resto red again, 
the aforesaid period of seven or eight hundred years was named - to distinguish 
it from the present time and that of about one thousand years ago - as has been 
said: Age of the Ignorant, in comparison with which the other period might be 
caUed Age ot the Sages. But it is not this Age ot the Sages which we mean in the 
above definition, fcjr this, along with the other seven or eight hundred years, is 

. nothing but an age pf the ignorant in comparison with théunknown period which, 
judging from certain signs, we perceive with certainty to have existed. Now to set 
forth these signs in greater detail, I say as follows: 

Pirstly, that there existed among men great experieliee and knowledge of 
astronomy, which at the time of HiPparchus and Ptolemy had almost disappeared, 
so that all they have written about it is only to be regarded as remnants of what 
had existed, for the first foundation on which the content of those remnants was 
based, to wit the empirical ephemerides, have been lost, and no other such tables 
have sinee been made. 

As to the irregular motion of the planets, which Ptolemy caUs the second 
inequality, about which he says in the 4th chapter of his 5th book, and even more 
clearly in the 2nd chapter of his 9th book, that he thinks he was the first to have 
observed it and that it had not been noted by his predecessors, frequently accusing 
them of carelessness in observing the positions and motions of the heavenly 
bodies - to this it is replied that rus predecessors must have seen the said seeond 
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JO J BOVCK DES EE1lTCtOOTSCH~IFT$, 

onevenhcyt nOmlt,t'welck hy int ... Hooftftick fijns S boucx,en noelt meer ilu 
:t Hooft/Hck fijns 9 bouex,mccnt felfs eedl gaghdlaghen te hebben, en by fij n 
Vóorganghers niet beroerekt ghcweeft te fij n, befebuldighende diekmael hun 
onnaebdàemheyt int ga{laen vande plaetfen en loopen der Hemelfche lichten: 
Daer Wort opgheantwoort , dat de voorgangers de fclve tweede onevenhedcn 
ghefien hebben, ccr hun mcugheliek was d'ccrfte onevcnheyt, ofDwaelders 
middelloop foo aerdich te befchrijven ghelijekfe Plo!emtfll daer nae gecreghen 
heeft,en datfe om tot foo grooten vondt te gheraken niet onachtfaem en had
den ghcweeft, maer neerfiigher danmen van FlJ!!archusrijtaf, en voolhem 
hoe langhe en weet iek niet, 'tOt nu toe ghewceft heeft, of meugheliclt i's ghe.· 
weeft te fijne,om datmen na den Wijfenrijt,de faeck op fukken voet niet aen. 
ghetaften heeft ghclijckmendpen dede, foO wy terfioOl t'üjnder plaets daer af 
brceder vcrclaring fullen doen. 

Het voorgaende wortbevefticht deur dienme n~e Plltert/tm ti jt in ettelicke 
Diwrfol Atabifche fchriften vernomen heeft,dat voor hem by verfcheydcn * gheflach. 
&mlll. ten van volck int ghebruyck.is gheweeft, de valle fierten op de Hemelclooten 

in ander formen te teyekenen dan de ghemcene Egypfche, van welcke PI,lt~ 
11Ie1l4 noch HyfParchll4nerlJtens ccnieb ghewach en doen: Soodanighe hecfc 
my ghetoont den Edelen Hoochghclccrden Heer /o[ephll4 &4/iger, in boueken 
met verdaring der teyekens ghcdaen in Arabifche fpraeck , en dat niet op een 
wijfe, maer wel tot drie dooten toc,elck verfchcydcn vanden anderen. De for
men van ccn dier clooren wierden ghcfcyt Hemclteyckcns der Indianen, van 
",elekc namcn,doch fonder fehilderic, my oock ghedcnckt ghelcfcn' tc hebben 
in een Latijns boud v~n feer ouden druck, ma,erdcs' fchrijversnaem is my 
vergcten,iclccn ~toockniet wacr t·bouek blevenis. Een deelandèr tcyckens 
heb ick gelèhilden gefien tegen de tnum:n van etn cuner op 1'Coninex'hofin 
Polel.l tot Craco,wefende inonfters, dicnSledengcmengt waren uyt vcrfehey. 
den afcomften van ghcdicrten,cn ftontdacrby gefchrcven SI G NA H ER ME': 
T IS, dats tcycltens van Hermes. N~ cCll'van al de boverchrcvcn HcmcJteyc
kens 'Cn vinde ick als ghckytÎs by PIO/tmt. vermaent te fijn: Waer uyt fchijnt 

N";'. 
te rncughcn bdloten worden, die,t'fijnder handt niet ghccommen te wefen, . 
veel min de Hemelloopfche lceringhen die clek * ghcflacht na fijn wijfe dacr 
opghcgront badde. Voon hebben deJlcmelmcters ccrtijtswel ghcweten' dat 
den Eencloot om de Sondracyde, fonderdat de: eyghentlieke voorftellen· van 

. dien Plolemttil,footfchijnr,tcr bant ghccommcn fijn, want had hyfeghefien, 
. tisdaervoorte houdcndat by (foomen olrdcclcn mach.uYtJijn vcrfiandt en re .. 
delickhcyt inde refi)foude toeghelaten hebben her..ftatuerlick roerfcl byde erva-

·rcn HcmelmClers befehreven , en dat der ecrftel~nnghen verlatcri,of alleen .. 
p,.ptfiM-liek lecringS halvenby * ftelling gcbruyckt.,v :tOdit roerfcl des Ecncloots.~eb
-. ben vernómen phi/()1Asi4 Pjt4g()ritN4 als PIllill#1_1fSh't,voon !..Ärjllilrçhll4~ 

. Ar ..... ..... miNdfo AT&hin.eáes int boucledcs * tàntfals bctuycht;Maer dat fula inden WIJ. 

_1'00 fentijt niet en ghebeurdc,fchijntgheo.QUch uyt t,ArçhinwJtswoordcn re mai-
ghen bcflaten worden, inhoudende: dàr ArJflil;d1114 fclirecftcghendc Hemel~ . 
meters die dè weerdt fcy4C,ti. een doottefijn~ wiensmiddc:lpunt'des EertclootS . 

. middelpumis,ci1 balfmiddellijnevcn a'Ildc1ini tuffi:hcn t'middclpuntdcr Son, 
en t'middelpurit de! Ecndoors, welc:ke lini (bcnevcnsander Jlcchti,hedcn) 

. d'ccn tijt langhc.rwefendcalsäander,fooen fchijntcrnietveelbclèbcyts in. 
Pryon;"';'. VOOlt foomcninfict de fOlm dcr* cvcrcdenhey~t. by vlrifl4r.çhll4 aldns 

$hefteh: '.:; 
Gh~ 
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inequalities before they were able to describe the first inequality, or the planets' 
mean motion, as nicely as Ptolemj afterwards succeeded in doing, and that, to 
make such a great discovery, they cannot have been careless, but more diligent than 
people were from the time of HiPparchus and I do not know how long before 
him up to the present, or may have been, because af ter the Age of the Sages the 
matter was not tackled on the same scale as ithad been, as we shall presently 
set forth more fully in its place. 

The foregoing is confirmed by the fact that af ter the time of Ptolemy it became 
kilown from some Arabic writings that before him it was customary among various 
nations to mark the fixed stars on celestial globes in figures different from the 
common Egyptian ones, of which neither Ptolemy nor HiPparchus makes mention 
anywhere. Such figures were shown to me by the Noble Very learned Mr. 
Josephus Scaliger 1), in books with an explanation of the figures given in the Arabic 
language, not in one way, but on as many as three globes, each dif{erent from the 
others. The figures. on one of these globes were said to be constellations of the 
inhabitants of India, about which names, but without a representation, I also 
remember having read in a latin book of a very old edition, but I have forgotten 
the author's name, nor do I know what has become of the book. Other signs I have 
seen painted on the walls of a room in the royal palace at Cracow in Poland 2); 
these were monsters whose members were a combination of those of different 
species of animals, with an inscription: Signa Hermetis, i.e. signs of Hermes. As 
has been said, I do not find any of the above-mentioned signs mentioned in 
Ptolemy, from which it may· apparently be concluded that they had not been 
transmitted to him, and even less so the astronomical doctrines which every nation 
in its own way had based thereon. Further, astronomers formerly knew quite weIl 
that the earth revolved round the sun, but the actual propositions concerning this 
apparently had not come down to Ptolemy, for if he had seen them, it is to be 
assumed that (if we may judge by his intelligence and reasonability in the rest) 
he would have admitted the natural motion described by :experienced astronomers 
and would have abandoned that according to the earlier doctrines 3) or used it 
merely for instructive purposes, by way of hypothesis. The following authors 
learned of this motion of the earth: Philolaus Pythagoricus, as Plutarch says 4), 
further Aristarchus Samius, as Archimedes states in the book of the number of the 
grains of sand 5). Now that this did not happen in the Age of the Sages 
apparently cao. be concluded sufficiently from Archimedei' words, which are to 
the effect that Aristarchus wrote against the astronomer!; who saidthat the world 
is a sphere whose centre is the earth's centre, while its radius is equal to the 
!ine joining the centre of the sun and the centre of the earth, this line (among 
other imperfections ) being longer at one time than at another, and so it does 

1) Joseph Julius Scaliger (Agen 1540-Leiden 1609), ltalian humanist, philologist and 
chronologist, professor at Ghent and at Leiden. He published excellent editions of 
Latin authors and wrote the monumental works De emendatione temporum (1583), 
Thesaurus Temporum (1606). Cf. note 4 on p. 325. 

") This interesting passage shows that Stevin visited Poland. Cf. Biographical intro
duction, Vol. I, p. 5. Such monsters belong to the world of Accadian and Sumerian 
mythology and astronomy. . 

8) Tbe word leerlinghen in the Dutch text is evidently a printer's error for leeringhen. 
') De placitis philosophorum 111, cap. 13. 
0) Commonly called: the Sand Reckoner (= Arenarius). Opera, ed. Heiberg (Leipzig 1913) 

11, 218. . 
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VAN SYNBEPALI'NGI.:II~Nl!':lT <afE·MEEN. 11 

Ghel&'cl: c!qOIS middepllfIl, 
. TYJI·cloOIVIAcK, 

Jlfoo Eerlclool1l7uh, 
Tot verhtyt der vAfle jlerl'tll. . . 

Alwaertegen Wifconfienaers reghel verli;cking van * verfchccnfiachtigheHdtrOf,t. 
fijnde,te weten punt met vlack,foo fchijnet fdve als vooren gheCeyt is daer uyt .... . 
temoghen beflotcn worden, .~ngaende t..ÁTthimeus de bovefchreven evere-
denheyt uytleght,en feght aldus behooren verftaen tewOIden: 

Ghel9ck Eer/duof, . . 
Z'otUf ghme mmde'Mertlt noemi. 
v1/foo EertcloOl1l1uIts dOOI, 

. 1'01 vttfle j1errtnu/oof. . . 
. T'mach daer me fijn hoet wil,dan wHèon!lighe redenen vereytfchen gc:wiCre 
woorden: In fomme daer en is gheen teycken ,'an wijfentijt. 

Ander geruychnis van een groote oetl\:ning dieder voor Plolnnetid ujt inden 
Hemclloopgeweeft hecfr, hebben wy doordeverfcheyden manieren van lee
ringen der clootfche driehoueken op vcrCcheyden gronden gerucht, naderhant 
te voorfchijneghçcommen in Arabifthefpraeck, en daer uyt int Latijn ghe. 
rocht. Want nadien de menfchen ec:rlijts Caghen hoe noodich góede manier 
van rekening der c1ootCchedriehouckt!n was, om na volcommen kennis des 
hemelloops Ie trachten,foo heeft hun verllant in die fiofwonderliek gearbeyt. 
De manier an 1'Iolemeu.(ter.hant ghecommen,en door hem befchu:ven,is cOIt 
en aerdich,befiaende in vergaring en aftrecking van redens der finien, die vcr. 
docht worden in feker plat dat men * clootfne noemt,maer (gebruycis moeye· $,8ioJiu
lick, want den Doender ant werck (ommende,en vim in dien bef,hrevcn drie, ,i'4. 
houcklurtdel tOt alle ontmoetende voorbeelden gneen geformde * werckfiuc- Probltm4ta
ken,om die met lictrii.cheyt te volgen, maer moet geduerlick becommert fijD; 
snett'overdenckert watm.lnier van vergaringof aftrecking der redens hy tot 
fijn voorbèelt uyt de clootfne verkiefen fal. &n ander manier iil diemen oock 
ghebruyekt met bedencking der semeene fneen van platten der ronden op den . 
cloot gheteyckent. En noch.een ander diemen by Rtg;0.mo»lAn1l4bevint • 

. Angaende fommighe achten de vonden desHemelloops niet foo feer oude 
te weren, mder dat de meefit befonderheden . van dien deur HJfParch1l4 tÓt 
{mc:nfchen kennis fouden ghecommenfijn. En dat TimochartJ ghe1ceft heb· 

· btnde 30 jaren na den Grootee Alexander, onder de fierflicke den eerftenwas, 
die t'viriden enopfchrijl1enderplaetfen vande vafie fienen'bcneerfiichde,mijn 
gevoelen is daer af anders: Welwilick toefiaé;dat fo Hypparch1l4 uyt de boueken 

· van fij n voorgangers niet beC,*reven en hadde het bouel!: daer na Ploleml1l4 ter .. 
handt ghecommen, en van hem tot ons gherocht, dat wy nil vanden loop dcr 
Dwaeldei:s weynich kennis fouden hebben:Maer dat hy van die Celtlàti:lc: voor· 
Hellen een vinder foude gheweeft fijn/en Cchijm Diet om onder anderen deCc . 
r.eden:PIOUme1l4 fegt int I I Hooftfiick fijns 4 bouoe, dat HyPfarch1l4 een fwaric· 

. beyt ontmoete, om dat hy deur * ftellingdes Maenloops .in een * inrondt, tOl Po{itio"mI • 
. . . ander befluyt quamdan deur !telling in een * uytmiddelpuntichront: Bewijft Zu,c/o: 

voOrt !hl Culck verfchil niet en quam deutde verCcheydenheyt die HJfparch1l4 ,ir~~:'~ 
inde twee fiellirighen vermoet,dan deur fijn mifrekening, ofandc:r ongheval: 
Dit foo fi;ndc.het·fchijnt te meughen beGoten worden, dat HJfparchtn onder: . 
ander vonden dic:men hem toeCchrijft, vooralghccn vinder en was des * ver· n.o_ 
· toochs, deur t'wekk bewcCen wort d'cen en d'ander fielling een felve befluyt te IH. 

gheven, maer veelceI dathy fulek vcrtooch (t'wcl!:k wy niet en fegghcn tot fijn 
vet,. 
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not seem to make us much wiser. Further, if we understand the form of tbe 
proportion, given as follows in Aristarchlls: 

As tbe centre of the sp here is to the surface of the sphere, 
so is the earth' s orbit to the distance of the fixed stars, 

where, contrary to the rule of mathematicians, heterogeneous things are compared, 
to wit a point and a surface, it seems that the aforesaid statement may be inferred 
tlIe·refrom. As to the fact that Archimedes explains the above-mentioned propor
tion and says it ought to be understood as follows: 

As the earth is to that which is called the world, 
so is the sphere of the earth's orbit to tbe sphere of the fixed stars, 

however this may be, mathematical arguments call for exact words. To sum up, 
tbere is no sign of the Age of the Sages there. 

Other evidence of the fact that people were greatly versed in astronomy before 
Ptolemy's time we have tbrough the various doctrines about spherical triangles, 
established on different foundations, which afterwards appeared in Arabic and 
thus got into Latin. For since people formerly saw the necessity of a good method 
for calculations on spherical triangles in striving to attain perfect knowledge of 
the heavenly motions, their minds worked marvellously at this subject. The method 
which came into Ptolemy's hands and was described by him 1) is short and elegant, 
consisting in addition and subtraction 2) of the ratios of the lines which are 
imagined in a given plane, which is called "section of the sphere", but the 
practical application of it is difficult, for when the practician sets to work, in this 
treatise on trigonometry he does not find for all the examples encountered by 
him worked-out problems, which can easily be followed, but he has to be 
continually concerned to think which manner of addition or subtraction of the 
ratios he has to choose for his example from the section of the sphere. Another 
method is that also used in studying the common intersections of the planes of the 
circles drawn on tbesphere. And yet anotber method is that found in 
Regiomontantls. 

As to the fact that some people think the astronomical disèoveries are not so 
very ancient, but that most of the particulars about the subject have come to 
men's knowledge through HiPparchlls, and that Timocharis 3), who lived 30 years 
af ter Alexander the Great, was tbe first among mortals to have diligently practised 
the finding and writing down of the positions of the fixed stars, 1 am of a 
different opinion about this. I ani prepared to admit indeed that, if Hipparchlls 
had not written - on tbe basis of his predecessors' books - the book which 
afterwards came into Ptolemy's hands, and through him has reached us, we should 
now have little knowledge of the motión of the planets. Butthat he was one of 
the discoverers of these extraordinary propositions does not seem to be true, among 
other things' for the following reason. Ptolemy says in the l1th chapter of his 
4th hook that Hipparchlls encountered a difficulty because by assuming the moon 
to move on an epicycle he reached another result than by assuming it 
to move on an eccentric circle. He further proves that this difference was not due 
to the difference between the two hypotheses as suspected by Hipparchlls, but 

1) Syntaxir I, cap. 13. 
I) By "addition and subtraction of ratios" Stevin means what we should eaU "multi

plication and division of ratios". 
3) In the Duteh original' the orthography Timochares is used. This Greek astronomer 

lived at Alexandria around 230 B.C. 
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. vermindering maer om t'voornemen te bewijtèn) nkt beg~epèn en heeft ,wan t 
Matb,mati. anders het waer Co veel al oft yanant wel verfiatnde *. t\viCconfiich bewijs vant 
C,"" J.mon- !actftc voorfiel des eeraen boueK van Ellc/ides,noehtansdaer na totte dadelicke 
flwiontm. en'áring eommen~~ , twiWclde of de ,twee viercanteo.der twee cortae lijden 

eeflsrechthouckigen driehouc'X,even fijn ant viercant der langfie lijde, omdat 
hyCc dadelic& bevint te verfèhillen,fondene weten dat Cukx niet en cO\llt deur 
ghebreckdes voorftels,màer deur fey Hng der handen. ooghen, deur miCreke
ning,of ander ongeval.. Angaende dal Plolemeu. int z Hooflflick fijns 3 boucx, 
de manier van Hypparchusprijfr voor die de,r oudm , nopende het vinden del 
Sonnens plaers tuifchen de vafiefierreo, .001 daer uyt de lanckheyt des jaers te 
berekenen, we1cke placts fy meynen de ollden ghefod)t te hebben deur de Son-

So!fliti. nenscvenaeI breede doen Ce was in baer * Noort(lant; wekke onderfoucking 
dli",.I.. liJ1'Parchiu;tric~ nieerder feketlieytdededocnfe indelentfne was. Hierop f~gt

men,datCy die door foodanige langdu«igl)e feltfaem ocftèningbenen aeeroo~ . 
gingheri;gherocht waren ter kennis van . .dcI Dwae1ders middelloopcn.nieten 
foudenbcmerckt hebbcnfoo4anighe eI\'afinghen gantf'h .on,bequan)çJiék in 
Sonftant ghedaen teworden,kk en fienrlergheen teyeken af: Macr ,by aldienli: 

.. haercriiatinghèn in Sonfiam ghedacn hcbben,fooHinarchus fcgh!.,t~tevc:[; 
moedcmlatfplcxniet enghebcurdc dClIr.onderlouckillg vande SOllDen.scvc:~ 
natrbreede;,tn3uveCl ceIffietmCerdcrfel<l:rhc:yt deur t'nemen derfc!lijnbaci' 
duytl:cracrlarigde tuffchen:haer.en cenige der vafie llerre.lh ,Want fe ,bene\'en de 
Son,:ilfmcn,vlietelickghenow:h freerooght, ghdien connenwordcn:l'weJck 
:l'1/'Jlemtm,oilbekent werende,fo.en fcru jJlt [Ij nvetheffing vanHipp4rthrfd vont• 
boven die van fijn oudcvoorganghers in gheen gbenouchfaem reli,en,g!=gronr,. 
Soo,veel TitJIoçhares angaCt;dat hy alsglu:feyx is onlierde ft~flicke den ecrllen 
10ude gbcwceft~cbbcn ,dict'viildc:n:en opfchrijvc:n der plaelfc:nvande vafté: 
1terien.bellC!ftftichde : Anghefien hemliendiedat fegghcn • en TimowzrtS me, 
onbèkcnr.{Chijnen ghèwti:ftde befchpjS'inghen der Hcrneh.:loo~~,op\Vclc~e 
baer oudtrvoorganghersvan:vcrfchc:ydcnghdlaclucn,:de fienen in andcr for~ 
mèrive!;vinghen als voorep ghercyt is;futln (chijnt 'I'imoih4rtJ fukken ecrfien 
gaflaghet der \l'afteftcrrcJI'Diet ghcwedhe hebben" ,Tc l'neer, dat dc:r Dwael~ 
tfers midddloopen llypparthUsterhant ghecómmen,ghevonden [chijnen d,eul ' 
fcltetderbefchrljving,det vafte fierren dan vanTimocham,die 10@ vooIcleen~ 
fiemaetghebruyekte,fooin PfiJjèmtus tafelen bli;Ckt~ .. .. 

H E'TTW EE D E TEY·-CK'E NisdewonderJiCke'ervarentbcyt diewy lien 
tertijI); byde mcofchen inde Tekonft gewedhe hebben,waèr afmen een val\ 

.Illgtbrilm. de vrëcmdCfeltfaeinhedc'n houden mach de '" S!dreghel,dieoverweynic~ja~ 
teli deurAtábifche bouckenweer te voorfchijne gecommêis, daerafmendeut 
nàghel;ucn (chriften pieten merckt ghewetente hebbenCaWecll, achreen; 

.Arithmtlici. Griccken(wariilJiophanlkJ Is-jonck) ofRomeyneri,alWè:lcke gheen* Telders 
. diemen deurweerdicheyt Telders noemt;ghewedl: en fijn. Oockinfwnde dat 

hcmliendterroe noodighereetfchap gbebrack,namelick tallelIcrs, lUetCooda. 
1')îghe thl~nde voortgaIKk als de uytghefprpkengetal~n hebben, JO walt hem .. 
lien onmenghelick; • Matr rnochlen'fulckc:teIdersfijn';alsdie Jlurnetpennin .. 
ghen lcgghcti,of rriet.~ri~~fèhreefkcns rèkcnen,ofdieighclijcke •. Dele ,taltey' • 
. kens vanlhiende VOOllgailCk fijn inde Arabifche·fpraeck weCrom.voortghc~ 
ëommcn,in fukker voughel'l dalrnen:daèr me aov311ghende,m3:ctt Iec:ren wat . 

. t'ocgin ofpuntdes ghetàlsîs, t'welCkde letckenrijt(ickmeen vanden anvang 
.mitartm. der vcrmacidc Griecken lot nu toc) qualiCk verfraende,ghefcyt heeft de * een. 

hey! te weren: ,Want ç!en ,EdelenHoochgeleerdcnHeer ioftphusS,a/igtr,heefc 
. ~~ 
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to his faulty calculation or some other accident. This being so, it may apparently 
be concluded that HiPparchus, though many other discoveries were attributed to 
him, was not the discoverer in pa~icu1ar of the theorem by means of which it is 
proved that the two hypotheses give the same result, but much rather that he did 
not understand this theorem (which we do not say to belittle him, but to prove our 
intention), for otherwise it would be as if a man, though properly understanding 
the mathematical proof of the last proposition 1) of the first book of Euclid, yet, 
when afterwards it comes to practical work, should doubt whether the two squares 
on the two shortest sides of a right-angled triangle are [together] equal to the 
square on the longest side, because he finds them to differ in actual practice, 
without knowing that this is not due to a defect in the proposition, but to errors 
of the hands or eyes or to faulty calculation or some other accident. As to the fact 
that Ptolemy in the 2nd chapter of his 3rd book praises the method of HiPparchus 
above that of the ancients, concerning the finding of the sun's position among 
the fixed stars,. in order to calculate therefrom the length of the year, which 
position they thought the ancients had sought by means of the sun's equatorial 
latitude when it was at its summer solstice, whieh research Hipparchus carried out 
with greater accuracy when it was at the vernal equinox, - to this it is said: I see 
no evidence that those who through such prolonged and exceptional practice and 
watching had arrived at knowledge of the planets' mean motions should not have 
noticed that such observations are made quite improperly at the solstice. Now if 
they made their observations at the solstice, as HiPparchus says, it may be suspected 
that this was not done by seeking the sun's equatorial latitude, but rather with 
greater accuracy by taking the apparent ecliptic longitude between the sun and 
some of the fixed stars. For if we walch diligently enough, they can be seen by the 
side of the sun; and since this was not known to Ptolemy, his exaltation of 
HiPparchus' discovery above those of his ancient predecessors seems to be founded 
on insufficient grounds. As regards Timocharis, viz. that - as has been said -
he should have been the first among mortals to have diligently practised the finding 
and writing down of the positions of the fixed stars: since those who say this, 
and Timocharis as well, seem to have been unacquainted with the descriptions of 
the celestial globes on which their ancient predecessors of different nations marked 
the stars in other figures, as has been said above, Timocharis does not seem to 
have been this first observer of the fixed stars. The more so because the planets' 
mean motions which were handed down to HiPparchuI seem to have been found 
by a more accurate description of the fixed stars than that of Timocharis, who 
used 10' for the smallest measure, as appears from Ptolemy's tables. 

The second sign is the wonderful experience in arithmetic which it has been 
found man formerly possessed, one of the curious peculiarities of which may be 
considered to be Algebra, which came to light again a few years ago from Arabic 
books, which subject, from the writings they left, is seen not to have been known 
to the Chaldeans, the Hebrews, the Greeks (for Diophantus is no ancient wrtter 2)) 
or the Romans, all of whom were no arithmeticians worth the name. Considering 
also that they lacked the necessary instruments, viz. numerals, with the same 
tenth progression as the numbers have when pronounced, it was impossible for 

1) Actually this is the penultimate proposition of the first book. 
") Diophantus lived at Alexandria about A.D. 250. Stevin seems to have amistaken 

view of the epo<:h when this mathematician Hourished. Ris Arithmetica is actually 
a textbook of algebra. . 
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mygetoont,dat de Arabiers daer voor teyckendé c:enpUI'lt, aldus. t'felve oock 
punt noemcnde,en wierden die punten onder de talletters ghebruyckl in placIs 
daerwy 0 fiellen,overcommende roettel ghene wy overeenighe laren in ónfe 
Franfche Arithmetique onder de 2 bepaling daer affeyd.en. O'oirfaeck waerom 
in plaetsvan dat punt,bydeEuropianen nU ·ecno ge fielt wort,acht ick dere,dat, 
w}' ghewoon fijn pumen te ghebruycken int eyode en onderCcheyding dei: ge
f,hreven redens, weleke punren oock dièkwils a·chrerghetalen volghen • maet: 
Joomen dacr punten fielde, fy rou den tWijfeling maken oft een punl wa et des 
ghetals,dat onbehoirlick \'ermcerderende,oft een punt als ondcrfchcyt des re-
dens,en om fóodanighe twijIfcling te voorcommen,heeftmen het puht veran-
dert, en daervoorecn 0 gheCchrevl:n. Nudan 0 inden Wyfentijt puntgehee-. 
ten hebbende, wy [ulIent om die Ie volghen nu vóorraen ooek dien naem ghe" 
ven,en dat tot onderfchcyt vant meerconfiich pUnt, Talpunt llo·emen, verlaten~ 
de decrIk naem Begil1,diewy daertocduslanghe gebruyckt hebben.Angaende 
dat fommighe niet ghenouch deurnalUcrIicke redenconncl'i oitdeelen, hun 
ghcdraghen totte * loofweerdicheyt der ghene die daer af ghehalldelt hebben, AAt.,;,.- . 
iek acht die op een goeden weeh re weCen, midts dat fe de loofweerdichne loof· '.m. 
weerdicheyt yolghen,dat fijn de en'aren Teldersdes WyCentijts, en verlatende 
Griecken diegheen telders en waren, noch volcommelick filn en con den deur 
ghtbreck van rcchte talteyckens als voorengheC'eyt is : .want hoe wel Egt/Mes· . 
. fchool~e Telconfijghc * venooghen befchrijft, die uyt den WyCemijt t'fijnder ·7f,mtmlft •• 

hant getocht warcn,daer CI1 fijn * werekllucken noch * Teldact by, weIckeals Probltmai. 
ghe!ê:yt isonlam:x te ,'oorfehijn commen fijn in Arabifche fpraeck. Sulcx dat rIt'1.At /Jra.j 
Et/eltdes verloog~.en ghetuyghenis ghcven des WyCentijtsdie 'tevoi:en geween Ar .. "",",,,,,, 
hadde,endoen niet en was.De reden waerom wy hier foernftelick van dit punt 
feggen,is dat brpalingder C'enheyt voor punt des gelàls,onder anderen getuyëh-
nis geeft des WyCentijtsdietWasdocnment punr teyckcnde en daer VOor hidt: 
En oock d~s Lecckcnrijls diet federt geweefi heeft,fo onvolcol1'unen * Telders Ari.bm.r;.; 
makende, als bepaling des deels der grootheyr voor punt der grootheyr', cos. 
OI1\'olcommen Merer~ foude mebrenghen. Noch caumen mercken, dat inden G.o~ 
·feIren Wyfentijt veel Tclconfiige werckingen met beronder lichticheyt afge-
"eerdicht wierden deur rekening op thiende voortganck ghegront. Om van 
t'welck breedee mlen teverclaren,hetis te weten dat alfooick over eenige laren 
de thiende befchreef,en my inbeelde met grootelichticheyt te meugen gebruytt: 
worden in deylingder houckmaten en bogen met thiendevoortganek; En alfó 
ick daer na de feh'e maniereyghentli'Ck befchreef,in fukker vougen als van dies· 
. inden volgenden Heme/loop CGjnder plaets een hooftfiuck ghemaetl: fal wor-
den met Ihkkeeortheyt als blijcken fàh 50 heb iek daer na bemcrtl: dat fgelijóc 
voor my al gedaen hadgeweeft,oft immers gedaë [eh een geweefi te fijné in oli~ 

- den tijt,die ick meynedatden Wyfentijtwas,olll dcre redcnë:De tilfel dc:r houe. 
matën van Rtg;omol1l411UJ,diens halfmiddellijn gedeelt is in 10000000, begrc:ep . 
in hacr volcommclick den thienden voorrganck die iek foeh t: Want nemendë 
de halfmiddellijngedeelt te fijn in 100 even deelen,in plaets \'an60der Egyptc
naer!; , En daer nae my feIvell voorfte:iIende de: deeling te \veren vallthiende 
voortganck, in plaets der t'fefikhde vande Egiptenaers, iek bevantmet die tafel 
at ghedaen werdc,foo veel de hoilekmalcn angaet: En meende doen Rrgiomol1~ -
tamu daeraf een eerfie vinder geweell- te: fijne, te meer dat h y int begin van fijn 
houckmaetmaeckfcl,feght dat die voor hem g<:\veeft fijn, de middellijn in wey- . 
nich Itueken deelden,als Ptolemtll4 in IlO, t...,tIrzahtlin 300, declendeelck van 
dien in 60 (9 ,eilelcke: 1 ® in 60 0 .. Matr naderhant is my yet re viloren ghe_ 
conlnlèn,waa uyt ick nu andeIs veImoede , t'weld aldus toeginek: Alfoo iek 

. B eens 
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them; but they may have been arithmeticians of the kind who now count by laying 
out pennies or reckon with chalk marks, or the like. These numerals of the tenth 
progression have (ome to light again from Arabic books, so that, beginning with 
this, we can leam what is the origin or point of number, which the Age of the 
Ignorant (I mean from the beginning of the famous Greeks up to the present), 
misunderstanding it, stated to be unity. For the Noble and Very Learned Mr. 
losephus Scaliger has shown me that the Arabs drew a point for it, as follows: . , 
also calling it point, and these points were marked underneath the numerals, where 
we put 0, which corresponds to what we said about it some years ago in our 
French Arithmétique, in the 2nd definition 1). I consider that the cause why 
instead of this point a 0 is now used by Europeans is that we are accustomed to use 
points at the end and the demarcation of written sentences, which points alSo 
of ten succeed numbers; if there points were used, they would raise doubt as to 
whether is was a point belonging to the number, increasing the latter unduly, or 
a point destined to demareate the sentenee, and in order to prevent sueh doubt, the 
point was changed and replaced by a o. Now then, since in the Age of the Sages 0 
was called point, in order to imitate them we shall henceforth also give it this 
name and eall it Numerieal Point, so as to distinguish it from the geometrieal 
point, abandoning the previous name of Commeneement, which we hitherto used 
for it. As tb the fact that some people, not being able to judge sufficiently by 
means of natural reason, act on the authority of those who have dealt with the 
subject, I consider that they are on the right road, provided they fóllow the most 
authoritative authority, i.e. the skilled arithmeticians of the Age of the Sages, and 
do not follow the Greeks, who were no arithmeticians, nor could perfectly be so, 
through lack of the proper numerals, as has been said above. For though Eue/iJ 
writes elegant arithmetical theorems, which had come down to him from the Age 
of the Sages,. they include neither problems nor practice of arithmetic, which, as 
has been saidj have recently come to light from Arabic hooks, so that Eue/iJ's 
theorems bear. witness to the Age of the Sages which had previously existed and 
did not then exist. The reason why we here discuss this point so seriously is that 
the definition of unity as the point of number isevidence, among other things, 
of the Age of the Sages which existed when the point was drawn and looked upon 
as such; and also of the Age of the Ignorant which has existed since then, 
producing as imperfect arithmeticians as the definition of a part of a magnitude 
as .a point of the magnitude would testify to imperfect geometers. It mayalso be 
noted that in this Age of the Sages many arithmetical operations were performed 
with extraordinary ease by means of· computation based on the tenth progression. 
In order to explain this more fully, it is to be noted that while some years ago I 
described the Tenth and imagined that it might be used with great ease in the 
division of sines and arcs according to the tenth progression; and while thereafter 
I described this method properly, in such a way as in its place a chapter is to be 
made about it in the subsequent book on astronomy, with the succintness that will 
appear there, I perceived afterwards that this had already been done before me, 
or at least seemed to have been done in ancient times, which I think was the Age 
of the Sages, for the following reasons. The table of sines of Regiomontanlls, 
whose radius is divided into 10,000,000, completely comprised the tenth progression 
which I sought. For assuming the radius to be divided into 100 equal parts instead 

1) Vol. II B, pp. 495 et seq. 
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cen~ wilde onderfOucJrenofmen deur de houckmaetl~fc:l van Rtgiomolll41(f!J
1
de 

reden van des ront~ middçllijn totten omtreck,fó na foude vinden dat ~e palen 
blevcn tu/lèhcli depakri van Arthimttlts reden, of niet: Jek rach tot defenc:yn-

· de hoeveel de houckmaet van 1 (!) dede,: bevanife van 1909 »jn ftil4c: deelen 
altrer de halfmiddéllijn 10000000 doet, Maer die bouckinaet is bvCans even an 

· haer booch, oindes boochs c1eenheyt wiUe,dáctom de1~oO CD makenifc t'vie;
rendeelrorits,fijn bycins even an ,S4oó.macl :l909;dat~ evi! met IS70S600iwaer . 
deu.r het vierendeelrón\s by na in fulCkcDredenis.· tott~ 'halfllliddellijn, als 
1.s7086oo tot 10000000: En vervolgens. herhcel ,oQt:dQende vic;rmacl fo veel, 
dats 61..~ 3 4400,is by na in fukken reden tritte hecl!~qUd!lclJijn,;tls 62.8 J440Ó toe 
2~OOOOOo. Defe reden bevant iek binncri ~ vçorfchrevenpalc:n .der reden van 
,Archimttlts,te weten deender als van .J:~1qt 1,~n grooterdan van U7 tot71.Nu 
alfulcken inval als ick hier hadde, van te willen onderfoucken de rederider mid
dellijn tolten omtrc:ck deur de hou&maertafels,derge1i)ckeinval fchijm certijts. 
byde ouden oockge\vec:O: te fijn,om defc r'edencn:Ter h~Iit va.n Gt"giU4··PeuT •. 

. b4Chiti4 gecómmen (iJnde feker fchriftén(foo hy îeghi in fijn handel op' hou ck
maermaeekfeI)inhoudendet'ghevoelen van vcrfeheyden geflachten, als India. 
neri,Egiptenaers,enArabiers,angaendede reden van des ronts middellijn totten 
omtrcck,datter oock eenige gewceft fijn diefe fielden op. van 2Cooo tot ~z 8 32, 
ghen()uchfaemde, fd veletters alfvoor~n,doch de ware reden noch wat na,erder. 
Maei: die dat dèden,enfulcken houcmaeu:ifcl gebruytl:cn,defclve tafc:1 haddede 

"middeUijri van z met ettelicke talpuiltCn~ wc:1ckein.menichte niet allee~ feven 
en w~ren,gc:lijck in ReglomoniA"U4 tafel,maermodl:en foot .fchijm van een tal. 
punt meer 1ijn,uyt oirfaeck.dat dit ghCt;l1 6z 8 3 Zp VIlO: gaet tot op de vijfde leller, 
da-er hetoofe ~aet vafi en gaettot op de vier~e; I'wek bJijtl alfmen de palë des 
redens veel oauwér neemt,gelijc gedaë heeft dë I/ermaerden * T cider M.Ludo/f 

~'Vä Ceulm,teweredat alfmende middellijn neemt QP zoooóoooooooooooooooo 
".. Sooisdçnomtrec;k.~nêrdan 61.83 1 8j307179586471§9+ 

. Maei:Iangherals··.·. .' ..' 62831853°717958647690 
'Ilidei vougen cSatteddlijnt te meughenbeOo.tcn worden,datmen voor Regio ... 

mD11I1mU4 tijt de halfmidddlijn inde hOllckmaettafc:l gedeelt heeft in 10000000, 
Ofin een ghctalmeteen tälpU1}t Illeer,t\vekkmen n'Ietrcden verm0e4en mach. 
4eil onbekenden wjfenujt ghewec:~ te hebbcn,shçmeICktdatter geen teyc.:ken 
~nisfukx in bçkendç tijt ghefehiet te fijn. . .. . 
· Tot hier tócis ghefeyt "an der Ouden dec1ing der houckmaten mctthiende 
voortgallek, m3er datfe boven dien oock: álroo.den booch, des vierendcelronts 
meugen g~ee1t hebben,oin daer deur te beeommé dc:lichtic;hi:yt. die indé An. 
hang desHemdloops verc1aert fal worden,dat machmë ver~ocn uytdes ronts 

lnf/rmnt'llt<l declingin 16Có,daermen voormael de* Wifconfituygcn in deelde,nat'reggen 
MAlbt_ van Ptol,mtll4 int z HoofUückfijns3. bOl).cx.waer uyt yolghdc dat ghcJjjck: het . 
,i,1I. vierendeel'rollts na de Egipfchewijfe in 90 tr, ghedeelt wort,en inde wifeonft

niygèn eleke trapdickwiIs in vic;ren, niet tegenfiaende mçn in rekening de tfe-
. ftichde vOonganck volgli~c:Dat hier alfoo elek vierendeelronts in' 100 tI .g4e
d~eIt wiert,en iiide wifconftt~yghen eleke :~p dick:wils in vieren,nict teghen
fia~nde in rekeningen de thiendevoortganck ghcvolgt wielt. WaQt d;u fy ftel
dersder tallc;tters met thiende voórtganek, en defreghc:lsvan.rc;kc~iDghen die. 
déUropfidu der thiende voÇrtganek ghewrocht wqrqell,glu:Jijckwy daer afint 
bouckder gheme,ngde Hoffen eyghentlickp.r fegghen fuIlen, niet en lOuden bc
~erck.t hebben her groot voordeel derthiende voortganck,'indc dcyliilg des 
IOots foo dièkwü~ in Icken~ghC,\l der l:lemeUoopcoJe .... OOlen "oinmen~e.ten 
fcWjne niet.. . . '. 

HET 
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of the 60 of the Egyptians, and subsequently imagining the division to be in 
tenths instead of in sixtieths of the Egyptians, I found that in this table the work 
had already been accomplished as far as the sines are concerned. And I then 
thought that Regiomontanus had been the first discoverer of it, the more so as at 
the beginning of his trigonometry he says that those who preceded him divided 
tbe diameter into a small number of parts, e.g. Ptolemy into 120, A rzah el 1 ) into 
300, subdividing each of them into 60' and each minute into 60". But later on 
I hit upon something on account of whlch I now have different surmises; this 
happened as follows. When one day I wanted to investigate whether by means 
of the table of sines of Regiomontanus the ratio between the diameter of a circle 
and its circumference would be found so closely that the limits remained within 
the limits of Archimedes' ratio or not, I looked up to this end how much was the 
sine of l' and foundit to be 2,909, in the same parts as the radius has10,000,000. 
But this sine is nearly equal to its arc, because of the smallness of the arc; 
consequently the 5,400' 'constituting a quarter circle are nearly equal to 5,400 
times 2,909, i.e. equal to 15,708,600, so that the quarter circle is to the radius 
nearly in the ratio of 15,708,600 to 10,000,000. And consequently the whole circle, 
which is four times as great, i.e. 62,834,400, is to the whole diameter nearly in the 
ratio of 62,834,400 to 20,000,000. I found this ratio to fall within the aforesaid 
limits of the ratio of Archimedes, to wit less than 22 to 7 and greater than 223 to 
71 2). Now tbe same idea which struck me, viz. tbat of wishing to seek the ratio of the 
diameter to the circumference by means of the tables of sines, also seems to have 
occurred formerly to the ancients, for the following reason. Georgius Peurbachius 3) 
having laid hand on certain writings (as he says in his treatise on trigonometry) 
containing the opinions of different nations, such as inhabitants of India, Egyptians, 
and Arabs, about the ratio of the circle' s diameter to its circumference, there were 
al~o some who put it at 20,000 to 62,832, almost the same figures as above, but 
a l,ittle closer still to the true ratio. Now the table of sines used by those who 
did so had the diameter 2 with some numerical points, whose number was not only 
seven, as in Regiomontanus' tabie, but apparently must have been one point more, 
because this number of 62,832 is accurate to five figures, whereas ours is accurate 
only to four. This becomes evident when the limits of the ratio are taken much 
narrower, as was done by the famous arithmetician Mr. Ludolf van Ceulen 4), to 
wit that when the diameter is taken 

200,000,000,000,000,000,000 
the circumference is shorter than 628,318,530,717,958,647,694 
but longer than 628,318,530,717,958,647,690, 
so tbat it may apparently he concluded that before the time of Regiomontanus 5) 
the radius in the table of sines was divided into 10,000,000 or into a number with 
one point more, which time may reasonably be supposed to have been the unknown 
Age of tbe Sages, since there is no evidence that this happened in known times. 

1) Abû Isi}àq Ibr~îm Ibn al-Zarqàla, usually called Abraham Arzachel, was aJewish 
astronomer, who lived at Toledo in the second half of the eleventh century (c. 1029 
to c. 1087). 

I) The figure 227 instead of 223 in the Dutch text appears to be a printer's error. 
8) See note 2 on p. 315. . 
') On this Dutch mathematician, who lived towards the end of the sixteenth century, 

see the notes in Vol. II, particularly on p. 3 and p. 767. 
6) See note I on page 319. . 
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HET DER D E TE Y C KEN is de: Meelconl!:, want hoc 'wel de Griecken 
daer in feer ervaren lijn geweèft, doch wort by velen bevefiicht dat fyfe van an
der gecregen hebben. Voorwaer een Ceer wonderbaerlicke con ft, vafi geruych
Dis gevende van een feltfame wetenfchap der gene, wicfe oock meughen ghc. 
weeMijn,diefe 101 fulcken groolheyt gebrocht hebben. Hier afis onst'meefte 
bcCcheyt ghebleven inde beginCelen van Eudides, waer in benevens de fiofder 
Meelco.n fi,noch wat feer befonders, fcltfaems en nuuelicx IC lien en keren iS, 
namelick des Wijfcntijls oirden in befchrijving derWifconfien, daer afick 
inde volghende vernieuwing des WijCcntijls breeder mijn gevoelen tàlfcggen. 

Voo RVI E R D E TE Y C KEN fchijnt dalmen foude meugen houdé'dcn 
handel der Damphooghde, onlancx inde AIabifche fpraeck weerom IC voor~ 
fchijn commen. en hier na verclaert int EenclootCchriftsderde bouck betuy-
ghende datter eettijts by de * Wifconftenaers een fcltfaem onderfoucking ghe- M/Jtbtmdti
weeft is vande wecrelts ghefialt en natuercns vcrborghèn cyghcnfcbappen. cos. 

HET'V Y F D E TE Y CK E N is den wonderbaerlicken feer fcltfamen han-
del der * StotTcheyding, by de Griecké on bekent, die ónlailcX begoft heeft hacr AkbimJ.t. 
weerom te verloonen, deur welcke de men(chen hel weCen der ftoffen' tot ·ha. 
ren grooten voordeele, anders onderfoucken en kennen, dan hemlien fonder 
die groole con ft meughelick was lebegrijpen.Hier in achlmen Htrmes Trifme-
giHN4 den eivarenfteil gheweefi te fijn daer fchriftelick befcheyt afbleven is, . 
doch on6ekcnt wie hy was, Uyl wat lant, of tot wattij! by leefde, hoewelmen . 
hem voor feer oudt acht. . 

Angaende dat de Griecken mei hun navolgers die phi/ofophJ genoemt wor
den,bandelen vande natuer,Ceggende alle fiofte beftaen in vier beginCelen,"als 
cerde,water,locht,en vyer,mene vervolgen dieCer uyt rrecken : Sekcr bun neer
fiicheyt is lovelick gcweefi,als gcdacn bebbendewatfe eonnen,maer wachacr. 
men t'was al van hOOIen feggen,met weynich befcheyt, Dlet veeldwalinghen, 
cn fondcrkennisderoirCaken, wantCeveel gehaelt wort uyt de dadclickeStof .. 

. fcbeydingdaer fy nictaf en wifien. 

Angaende dat defe weerdighe Conl!:, defc onuytpuitelickebrun der wijf
heyt, by velen in verachting gheroc.u is. deur dien ettelicke hun daer in oeffc
nende bedrieghers of mifièrs fijn, brcnghende ander lieden tot fc~ade.hun be. 
lovende gout te: maken van fiof gheen gout wcfende: Daer wort op ghefeyt, 
fulck mifbruyck te meughen firceken tot verachting del mifbruyekers. macr 
niet der looflicke Conft. . . . 

HET S EST E T E Y C K E.N is de·* GhccllhàndeJ, wact in men iëght dat Mil:;"" 
over feer langhe tijt eenighe vokken met kennis der oirfaken hun vlietclick 
gheoeffeni hebbcn, w:int hoewel fulcx fehrickelick is. foo mercktmen noch-
tans wat groote welenCchappcn datler uyt de * Wifcoofien volghde~ ,diemen ~ 
van foodanigbe grondclickc kennis voor oirfaeck houdt, en watccn feltfacm cW. 
wijf~eyt datler voormael byde menfcbcn ghewceU heeft. wcJ4cn tij! wy den 
Wijfcntijt noemen. 

Maer hoemen de faeck na ons meyning foude meugen anleggen om weer
om daer an te gheraken,datfullen wy inde voJghende V ElI. C LAR I N G intse:
mècn bef eh rij ven: En hoemen weerom totle voorgeweten kennis der Dwacl
derloopc:n foude meughen commen, dat. fal inde bcfchri;ving der Dwaeldcr· 
loopen int beronder noch eyghcntlickcr ghefcyt worden. 

. Ba. MEl\CKT. 
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Up to this point we have spoken of the Ancients' division of the sines according 
to the ten~h progression, but that they may moreover also have divided the arc 
of a quarter circle in this way, in order thus to get the ease to be set forth in the 
Appendix to the Heavenly Motions, may be assumed from the division of the 
circle into 1,600, into which mathematical instruments were formerly dividéd, 
as stated by Ptolemy in the 2nd chapter of his 3rd book, from which it followed 
that, as a quarter circle is divided according to the Egyptian manner into 90 degrees, 
and in mathematical instruments each degree is of ten subdivided into four parts, 
in spite of the fact that in computations the sixtieth progression was followed, 
here each quarter circle was thus divided into 100 degrees, and in mathematical 
instruments each degree was of ten divided into four parts, in spite of the fact that 
in computations the tenth progression was followed. For it does not seem likely 
that they, having devised the numerals according to the tenth progression and the 
rules for computations which are performed with regard to the tenth progression, 
as we shall describe more precisely in the book on miscellaneous subjects, should 
not have perceived the great advantage of the tenth progression in the; division . 
of a circle so frequently occurring in calculations relating to the heavenly motions. 

T he third sign is geometry, for though the Greeks were greatly versed in this, 
it is yet confirmed by many that they got it from others. It i~ indeeil a very 
wonderful science, giving sure evidence of exceptional learning in those who 
brought it to such a high level, whoever they may have been. About this the most 
complete information has been preserved in the elements of Ei/did, in which 
besides the subject of geometry something very peculiar, extraordinary, and useful 
is also to be noted and learned, viz. the systematic order observed by the Age of 
the Sages in the description of mathematics, about which I will give my views 
more fully in the subsequent treatise on the restoration of the Age of the Sages. 

The fourth sign may apparently be considered to consist in the discussion on 
the height of the atmosphere; recently brought to light again by a treatise in 
Arabic and hereafter set forth in the third book of Geography, which states 
that in former times among mathematicians an exceptional inquiry into the form 
of the world and of nature's hidden properties took place. 

The titth sign is the marvellous and very unusual subject of alchemy, unknown 
among the Greeks, which recently began to make its appearance again, by means 
of which people are able to inquire into the nature of substances, to their great 
profit, in another way than was possible for them to understand without this 
great science: In this, Hermes Trismegistus 1) is considered to have been the most 
skilled of those of whom written information bas come down to us, but it is 
unknown who he was, from what country, or in what time he lived, though he is 
thought to be very ancient. 

As to the fact that the Greeks, with their imitators, who are called Phi/osophi, 
treat of nature, saying that every substance consists of four elements, viz. earth, 
water,· air, and fire, with the conclusions they draw therefrom, their diligence 
wllS indeed praiseworthy; for they did what they could, but alas, they had· it 
all from hearsay, with little real knowiedge, with many errors, and without 

1) Hermes Trismegistos is the mythical author ofseveral treatises on alehemy, magie, 
and philosophy. He has many traits in eomrnon with the aneient Egyptian god 
Thoth, the god of the craftsmen, scribe of the gods, and inventor of writing. 
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VANDE VERNIEVWING DES 
VVyfenil1ts,t''iJ/lelcft r4 rverclaring hoet fchijnt datmm de 

flec~ mocht anlegghm fJm a/kncx rv"Peerom te ghe-
ral{:n an fulck! gróote rv"Paenfchapperz alJfer 

inden VVyfent~t gmees1 frin; 

ANghefien het feker is de menfch tot cenighe tijt foo fèlt1àme groote we
. tenlèhap ghehadtte hebben als inde cS bepaling verclaert is, en dat mijns 
wetensnerghensanen blijckt fijn vedLlnt een haèr vermindert te\vefen, foge..: 
vet met reden vermoen , meughelick te fii n dat hy daer an weerom foude con
nen gheraken,by aldien hyder fulck middel als voormac1 toe gebruyckte. Tfel
ve heeft my veroir1àeckt te fchrijven mijn ghevóelen, van t'gene de menfch nu 
ghebreeckt dat hy doen hadde: Alles vervatende in viCI leden, waér af de: fom
me, die jçk daer n;le van clcke brcedcr velclarcn fal,dufdanich is. 

B 3 I LIDT. 
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knowledge of the causes, because these are frequently deduced from practical 
alchemy, with which they were not acquainted. 

As to the fact that this worthy science, this inexhaustible source of wisdom, has 
fallen into disgrace among many people because some of those who study it are 
cheats or evildoers, causing damage toothers by promising them to make gold 
out of matter which is no gold, to this it is said that such abuse tends to disgrace 
the men committing it, but not the praiseworthy science. . 

The sixth sign is magic, which is said to have been diligently practised a very 
long time ago by certain nations with knowledge of the causes, for though 
this is frightening, it is yet perceived what great learning has resulted from 
mathematics, which is regarded as the cause of such thorough knowiedge, and 
what extraordinary wisdom existed among men in former ages, which time we 
call the Age of the Sages. 

Now how in our view we can set out to attain thereto again, will be described 
generally by us in 'the subsequent Exposition. And how one might attain to the 
former knowledge of the planets' motions again, will be said even more properly 
in particular in the description of the planets' motions 1). 

[In connection with a conversation he had about the Age ot the Stfges with the 
jurist and humanist Hugo Grotius, Stevin reeeived trom the latter a list ot . 
reterences to classieal authors who asserted that a very long time ago mankind 
possessed marvellous seientitie knowiedge. He includes this list in his text.] 

Of the restoration of the Age of the Sages, being 
an exposition of how it seems one might set out 
to attain gradually to such great learning again as 
existed in the Age of the Sages. 

Since it is certain that at one time mankind possessed the exceptional, great 
learning that has been set forth in the 6th definition, while as far as I know there 
is no evidence at all that human intelligence has the least bit deteriorated, there 
is reason to assume that it is possible for man to attain thereto again if he uses 
the same means to this end as formerly. This induced me to write down my view 
as to what man now lacks which he then had, comprising it all in four sections, 
the sum of which - to be set forth in greater detail hereinafter for each of 
them - is as follows. 

1) See the no te on p. 608. 
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I LID T • 
. Ten ecrtlcn -ghebrekenons fcer veel dadc1icke ervaringèn dacrmcn de con

ftenccn va(kngrontopghccft. Omtotfu1ckc crvarlnghcn te ghcraken 1 foo 
fouden hun Ceer veel menkhen t'Wnendacr IOC moeten bcghc:vcn. 

~ LID T • 

. Om tegberaken tot roogrooten mcnicbtc van mcnfcbcn als hier toc noo
dieh fijn/oo fouden de voorfehrcven erVaringhencn odfcningen der wnfien 

G_ ghehandeltmoctenwordcnbyeen * gheOacht in fijn cyghen angeborcn rad, 
wcleke om wat bcfondcrsdaer in uyt te rechtCD, befonderlick goet foude moe
ten wefenlwCIckickfedenden Wyfentijt nieten merek ghefchiet te fijn, uyt
ghenomen byde Griecken, maeE dat allccnlickinl fuck der Meeteonft.wantde 
rc(\ en ucft niet. . 

!. L InT. 
Na dien gOede talen noodich fijn, men foudeom n~ goede talen te connen 

nachten, voor al moeten weten wacr in takns goelheyt beftaet; want die rechte 
kennis nu l:iyfoowcynieh men1èhenÏ5»datfe met ei'ander welenfchappc:n des
Wyfc:nujts v~on:nfchiint. 

4 L I D.1. 
Angbdiengoede oirden in bcfchrijving eIi)ccring der conften, tot haer beo. 

voordcting1Ccr bchulpich is,t'waeroirboirdaerop vlietich te letten,en met goe
cJcoirdcCl vandics t'beftete verkiefen. Tot welck cynde ick in Llofderwifconften. 
gbccn beter en mer~ d'oUdcndcsWijlèntijrs. 

VERCLARING DES I LIDTS. 
Macrom.v:ln elckdefervier leden brCccler reden te geven: En ten .ecrtleit dat 

ons veel dadelicke ervaringhen gebrckèn, daermen de conften een vanen gront 
op geefi,ick 1àl tot verclaring van dien beginnen met voorbeelt dcsHemelloops. 
tOl kennis van wcIckedic des Wyfenlijts openbaerlkk gherocht fijn deur een 
groole méniehte vanervaringhen,als brccder<1aerafinde 6 bepalinggbefcyt is, 
en noch breeder ghefeYI fal worden int ccrfie voorficl des volghenden bouelt 

. vande sOfllo8f, voort inde boucken der DwacIderlOopCn , daer wy berekende 
dachtafels voorbecltfche wijfe ghebruyekcn fullen al offe deur ervaringhen be. 
commen waren, en bethoonen hoe t'vinden der Dwaelderloopen mer deur' al 
cenander lichte anvanckcn voortganckcrijcht~ danmen fedal déD Wyfentijt 
ghebruyckt heeft. 

Al diloverlcylwefende, ickacbtopcnbaerghenoueb te Iljn,gbebrcck vaD 
overvloeI der ervaringen,oir1àcck Ie wefen dat de menfchen met groole moey
te CD hooftbreking,hun tijt overbrcnghen met IC fOuQten Hemelloopfche ge~ 
daeDleD die alfoo niet vindeliek.en fijn •. T'gaet hier me, op dat kkt deur voor
bedt van Ecncloolfche fiof noch opcntlieker verclare, als ·met eenen varende 

Tmd;n- langs de cant vant * onbekende Zuytlandt, en fiende de mont van een groote 
~v.~ .b- rivier daer uyt aldus beilote: Langs gloote rivieren ,(jjn vruchtbae,r landen: In 

vruchlbaer landen langs groote rivieren verkieli:n vee 1 menfcheil baeI woo
lling:Daervecl mcnfchen woonen geraken goede Sleden: Daerom an die rivieI 

legghen 
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lst SECTION. 

In the first place, what we lack is a large body of data obtained by practical 
experience, on which the sciences can be firmly founded. In 'order to arrive at such 
a body of data, a great many people would have to apply themse1ves jointly to 
this task. 

2nd SECfION. 

To arrive at so great a number of men as is needed for this, the aforesaid 
experiences and pursuit of the sciences would have to be practised by a nation 
in its own native language, which, if it is to accomplish something exceptional 
therein, would have to be exceptionally good, which I am not aware has been 
the case since the Age of the Sages, except among the Greeks, but this in the 
field of geometry alone, for to the rest it does not apply. 

3rd SECTION. 

Since good languages are needed, one would,' to be able to strive af ter good 
languages, have to know before all what the excellence of a language consists in, 
for this proper knowledge is now possessed by so few men that it seems to have 
been lo~t along with the other sciences of the Age of. die Sages. 

4th SECTION . 

, Since good order in the description and teaching of the sciences is very conducive 
to their advance, it would be expedient to attend diligently thereto and· judiciously 
to choose the best, for which I am not aware of any better order in the matter 
of mathematics than that of the Age of the Sages. 

EXPOSITION OF THE lst SECfION. 

Now to speak in greater detail about each of these four sections, and in the 
first place that what we lack is a large body of data obtained by practical 
experience, on which the sciences can be firmly founded, by way of illustration 
I will begin with the example of astronomy, the knowledge of which was evidently 
attained by 'the people of the Age of the Sages' by means of a large body· of 
empirical data, as has been stated more fully in the 6th definition and wiIl be 
stated even more fuUy in the first proposition of the subsequent book of the sun's 
motion 1), further in the books on the planets' motions, where we shall use 
calculated ephemerides, for instance, as if they had been obtained by experience 
and show how the finding of the planets' motions thus starts and proceeds more 
easily than has been customary since the Age of the Sages. 

All this being considered, I think it is evident enough that the lack of plenty 
of empirical data is the cause that pèople sp end their time with great trouble 
and pondering in seeking for astronomical schemes which cannot thus be found. 
It is with this - if I may explain it even more clearly by a geographical example -
as with a man sailing by the shores of unknown Australia, who, seeing the mouth 
of a large river, should draw from this the following conclusion: Along large 
rivers lie fertile lands. In fertile lands along large rivers big numbersof people 

1) From tbis sentence it appears that originally tbe treatise on tbe Age ofthe Sages was 
intended to precede The Heavenly Motions, whereas it is now the introduction to the 
Physical Geography. 
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Jegghen grootewelvarendi: Steden. En of hy voort op fuIckghefieJde(deur een 
ghefien deel vam heel befiuytende) Cu1cke Landen en Steden in eaerte tcycke~ 
de, denekt eens wat Cekerheyt of ghelijekheyt die mette Landen foude hebben 
cn hoe fulcke oerten en fchriflen fouden overeommc:n metlc:t ghenc: men dae: 
nadadeliek Cagc:,want daerdeur machmen meI een verllaen, wat fekerheyt dat
rel can wefen in befiuyt van eens Dwadders heelen loop, uyl een ghefic:n deel 
ghetrocken, en hoe dat fu1cke reghelen en fehriflen fouden eonnen overcom' 
men mettet ghene wy daer na dadelick fien. 

Nu fulcx als hier ghefeYI is vande noodighe ervaring hen in fiofdes Hemel
lóops,dergelijeke is oock te verftaen vanander,als Ebbenvloer, tot wiens gron. 
delieke kennis ons lou ter ervaringhen ghebreken , dac:r int volghende 6 boud: 
afgheCeyt fal worden: S'gelijex vant Eenc\oots Stofroerfcl int volgende 1. bouek 
bcfehrcven : Voort Ervaringhen der * Sleroirdeelen, ofvoorfegginghen.deur I.JiÛ4'u, 
SIc:rren:Oockdcr * Slofreheyding: En Ghc:nefing, waerinmen (om niet te be. A~.I.~i.e. 
wijfen mct,Hippocraw fcgt)al een ander dadelicke oeffening foude moelen wc. Al< Jlmllt. 

Ccn foo in * opfnijding, als ondcrfoucldng vande ghcdaemen der cniyden en An4tOmia. 
'* Gheneemoffcn,die veel door fiofreheyding ghevondcn worden. Macr wam MeJiautUII
van dek van defe int bef onder te fehrijven, meer tijts foude behouven dan my 'ot,.,... 
te pas eomt,en dan noodich fchijnt daer an te befteden, fo falickt eorlheyts hal. 
ven overfiaen. 

lek houdedan voor openbaer , dat ghelijck int eerftelidt gheCeyt is, ons feer 
veel dadc:lieke ervaringhen ghebreken,daermen deeon fien een valle grondt op 
gheeft. Maerom nu te verdaren dat (ghelijek daCI voerder fiaet) om tot fu1cke 
crvarnghen te gheraken,fecr veel menfehen t'famen hun dacr toe fouden moe
tc;n begheven; ick fal weerom met voorbeelt des Hemelloops beginnen. Ten 
cerften, een menfch en can niet gheduerliek by dage by naehte, laer ilyt Iaer in, 
gafiaen de DwaeJders plactfcn en alles datler noodich is: Maer een recr groote 
menichte fulcx doende, t'ghene by d'een ghebreeekt, wort by d'ander bevon~ 
den. Ten rweeden;de ervaringhen van eenen, al warenre iiJ haer fél ven gewis, 
foo en verllrcekenfeanderen nochtans tot gheen feecker gront, om int veroir· 
denen d~r *" Cpieghelinghen daer op te werck te gaen, deur diender ghcèn prod" 7/,torianmi. 
af en is: Maer feer veel verfcheyden menCehens ervaringhen, die daer nác teghen 
ma\cander overleyt fij nde, bevonden worden fo na t' overeommen :ils de faeck 
vereyfeht,daermachmenoplleunen. Tot voorbec:\e van deren eonnen ver· 
fhecken de ervaringhen onlanexghedacn tufièhen den Doorluchtighen"Vorft 
Wil/tm Landtgraefvan Helfen,en den vermaerden *" Ga!lagherT~chobrahein obft,'f)4fo. 
dmck uytgaende: Ervaringhen voorwaerdiens ghelijckc ick.federt den Wyfen. ,on. 
tijt niet en merek ghebeurt te wefen. En fulckc foudemen dan met groote me-
nichte vinden. Ten derden,foo ilfer dickwils tOt fommighe plaelfen overtogen 
locht,inder vougheo.datmender in etteHcke weken geen Hemelfehe lichten en 
{iet: In fulckenghevallecanmendanhebben d'ervaringhen van anderen ghe· 
daen inde Landen daertclare locht was .. Ten vierdenfoofoudertulfchen de 
Gafiaghers een eergiericheyt en rwift te verwachten ftaen, willende elckliet fij. 
De voor beft bewijfen,waerme de conften(hocwel de menfchen daerenruifché 
int ftuck der reden hun dickwils mifgaen)gemeenlick gheen c1eene voortg;md:: 
.cn crijghen:Daer anders den handc:l by weynich menfehen beftaende, elek fijn 
vonden bewaerten verberght. 

Angaende fommigheachten de ftofte\Veerdich te fij n om vande gemeente 
ghehandelt te worden, en alleen den Vorften toefiaet: Mijn ghevoelen is daer 
anders, waarde Vor1l:endcs Eertrijcx fijn weynich,en onder die weynighe ilfer 

B .. luttc:l 
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choose to live. Where there live many people, good eities arise. Therefore on this 
river there are large and prosperous eities. And if further on this hypothesis 
(drawing a conclusion about the whole from the part he had seen) he were to 
draw a map of such lands and eities, just think what accuracy or similarity to the 
lands this would have and how such maps and descriptions would agree with what 
would be actually seen afterwards, for from this it may at the same time be 
understood what degree ofcertainty there may be in a conclusion about the whole 
motion of aplanet drawn from the sight of a part, and how such mIes and 
descriptions might agree with what we actually see afterwards. 

The same statement that has here been made about the necessary empirical data 
in astronomical matters also applies to other subjects, such as ebb and flow, for 
the thorough knowledge of which we merely lack empirical data, about which' 
something will he said in the subsequènt 6th book. Likèwise about the motion of 

. the earth's matter, described in the subsequent 2nd book. Further empirical data 
concerning astrological judgments or predictions by means of the stars. Also 
empirical data of alchemy, and medical science, in which (to avoidproving things 
by means of the statement: Hippocrates says) there would have to be much more 
practical work, both in anatomy and in the examination of the properties of herbs 
and medicines, which are of ten found by means of alchemy. But because it would 
take more time to write about each of these subjeds in particular than suits me 
and seems necessary to spend on. it, I will, for the sake of brevity, omit this. 

I therefore regard it as evident that, as has been said in the first section, what 
we.lack is a large body of empirical data, on which the sciences can be firmly 
founded. Now to explain that (as is further said there), in order to arrive at such 
a body of data, a gteat many people would have to apply themselves jointly 
to this ask, I will again begin with the example of astronomy. In the first place, 
one man cannot continually, by night and by day, year in and year out, observe 
the positions of the planets and all that is necessary; but when a large number 
of people do this, what is lacking in the observations of one man will be found 
in those of another. Secondly, the data obtained by one man, even if they were 
exact in themselves, yet do not serve others as a sure basis on which to proceed 
in framing the theories, because they have not been checked. But when the data 
obtained by a great many different people, having been compared with each 
other, are found to ag ree as closely as the matter requires, one can rely thereon. 
As an example of this may be taken the data recently obtained on the one hand 
by the illustrious Prince William, Landgrave of Hesse 1), and on the other hand 
by the famous observer Tycho Brahe, whose work was then being published: data 
indeed which I am not aware have been equalled since the Age of the Sages. And 

. such data would then be found very plentifully. Thirdly, the sky will of ten be 
overcast in some places, so that for some weeks no heavenly bodies are seen; in 
such a case one may then rely on the data obtained by others in the countries where 
thesky was clear. Fourthly, ambition and. rivalry would be apt to arise among 
observers, each wishing to prove his own work best, owing to which the seiences 
(àlthough men meanwhile of ten misbehave in moral respects ) usually make no 
inconsiderable progress, whilst on thé other hand, if the branch of seience is 

1) Wilhelm IV von Hessen (Kassei 1532 - ibid. 1592) was a diligent observer up to 
1567, when he succeeded his father; later he was able toattract excellent collabó
rators to Kassei. He gave special care to the determination of time. 
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Juttel dicder een natuerlicke ghencghentheyttoe hebben. Siet-Cens tot voor· 
beelt van deren t'gene den Coninck LAlfonftIJ weervoer, die tottet maken der 
tafels op fijn naem uytgaende, over de vier hondert duylènt ducalC1l oncofien 
dede: Seker fijn yver t()[fu1cken confi was lovc:Jjek, maer wal iffer ey ntlickuyt
gherecht?niet befondcrs,wanr ,{jjn Wifconfinacrs hebben rondt! nieuwe erva· 
ringhcn,te werck ghcgaen op Pto/tmttIJbloote,fielling,waer u)'lmcl'dicgroote 
fchatnict dan waronfekers ghcmaeckt en conde worden. Macr ddt: conit bydc 
ghemeente ghehandc\t wefende, men can allenuet meerder 1èJ< erheyt en ken. 

, lIisdei: oirfáken voor nict crijghen. , 
Nu fulckc voorbcelt als-ick hier tot verc1aring des VOOrnCI'l1enS ghetrocken 

heb nyt Hemelloopfche fiof,derghelijcke foudemen oock InC:l1ghen bybrengen 
uyt ander eonLlen: Maet'achtende hier meghenouch te blijeken dat om in elele 
veel ervaringhen tecrijgen~noodich is dat feer vecl menfchen t'famcn hun daeI 
roefoudenmocten begheven,ick fal dieomconheydls wilJcoyerllaen, ell 

, voortvaren. 

VER C L AR I N G DES 2 LID t s. 

Angaende hel iwecde lidi, IC weten dal om IC gheraken tOl foo grooten me~ 
nichte van menrchen als'hier toe noodich fijn,defe'oeffening der confien foude 
nloctenghehandeltwordcn byeengheilacht il1 fijn eyghen angheborcn tac\, 
welckeom wat befonderIiex daer in uyt te rechten , befonderliek geet foude 
moeten wefen,hier op fegh ickaldus : Soude een ghemeentc hacr in een conft 
oeffenen,fy foude moeten de tad verLlaen daerfe in ghcfchrel'cn is, t'welck haep 
eyghen rad moeLl wefen, want hoe wel ette1icke ouders hun kinders t'latijn 
doen leeren, waer in mende vrye confien nu meelt handelt, de felve fijn wey
nichint:mfien vandegcmeente. Ten anderen leertmen de IOIlckheyt t'Latijn. 
oril hun eyntlick te bcgheven iotte Reehten,Godheyt,ofghencling:Hferondeï: 
de fulekeymantdie hèm dacr nagantfchelick tOlie Wifconften fchickt,dat ghe
beUrt feelfelden,en.ghemeenelick teghen hun ouders danck,ghdijck onder an
deren den vermaerden Gailager TUJchobrahe hem fchri jfr ghebcurt te fijn: DaeI 
jlfer onder die oock een grooten deel, welcke hun tijt voort deurbrenghen in 

P.a-. oeffcning der Latijnfche fpraeck, leerende vetrfen der * Dichters van buyten, 
amopaUe dingen die in gemeenet'làemfiJIacck voorvallen,cen latijns veers te 
connen vervoughen:Soucken voort bloe111kens "an woorden cn fpreucken om 
. in haer brieven en fchriftcn te pas tebrenghen:En hoe wd fulcke opgheto<:yde 
ftijl an fominighe mirhaecht,foo iffer nochtans veel ander dieder hun niet me 
verfaen en eonnen. In fomme men vintter onder foodanige wcynich die hun 
volcommdick lotte wifcon fien begheven , en daerom ifi noodich ghelijck wy 
ghefeyl hebben defe fiof ghehandcll te WOl den inde ghemeentens aenghebo_ 
ren tael. Doch moelfe daer'benevens noch geet fijn, èonnende al\es uytbeel. 
den dat toue faeck noodich is. Maer want dit ftuêk del talen een vandevoor. 
naemfic punten is,die my doen wanhopen van weeróm lOt een wyfelijt te mw
ghen gheraken, ottl~at als vooren ghelèyt is, metten onderganek van veel we. 
lenfchappen des felfden wyfentijts,oock t'ondergcgaen [ehijnt fmenfehen ken
nis of oirdtel van goetheyt dertaleil,en dattet fwaricheyt fal hebben hun dattc 
doen verUacn. foo moet ick 'na mijn vermeughen daer af breedc:r mijn ghevoe. 
lenverclaren. Tisopenbaerdatde Francoylèn (op datwy mervoorbeelt da: 
Franfche tael beginnen )de vrye eonLlen in haer fprac:ek meer befchrijvcn als an. 

der 
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practised by few people, each of them will keep his findings to himself and 
conceal them. 

Concerning the fact that some people consider the matter to be too sublime to be 
studied by ordinary people and to he fit only for princes, I hold a different view, C 

for the princes of the earth are few, and among those few there are few who 
. have a natural inclination for it. Just see, for instance, how King Alphonsus fared, 

who spent more than four hundred thousand ducats on the compilation of the 
tables published under his name 1). His zeal with respect to . this science was 
indeed laudabie, but what has been ultimately achieved? Nothing much, for his 
mathematicians proceeded without new-found empirical data on Ptolemy's mere 
hypothesis, from which with that large sum only something uncertain could be 
accomplished. Now when this science is studied by ordinary people, everything 
can be obtained for nothing with greater certainty and knowledge of the causes. 

Now examples similar to the one I have here taken frorp. astronomy, to 
explain my intention, might also be adduced from other sciences. But since I 
consider it is now evident enough that to obtain a large number of empirical 
data in each of them it isnecessary that a great many people should apply them
selves jointly to it, I will omit them, for brevity's sake, and continue. 

EXPOSITION OF THE 2nd SECTION. 

As to the second section, to wit that to arrive at so great a number of men as is 
needed for this, the· aforesaid pursuit of the sciences would have to be practised 
by a nation in its own native language, which, if it is to accomplish something 
exceptional therein, would have to be exceptionally good, about this I say as 
follows: if ordinary people were to study a science, they would have to understand 
the language in which it is written, which should be their own language, 
for though some parents have their children taught Latin, in which the 
liberal arts are now usually treated, these are few in comparison with the people 
at large. On the other hand young people are taught Latin in order that they 
may ultimately study law, divinity or medicine. It rarely happens that among 
these there is anyone who thereafter devotes himself wholly t9 mathematics, and 
then it is against his parents' wishes,as e.g. the famous observer Tycho Brahe 
reports it happened to him. There are also among them a great many who further 
spend their time in practising the Latin language, learning verses of the poets 
by heart in order that they may apply a Latin verse to anything occurring in an 
ordinary ·conversation. They further colléct flowers of speech and aphorisms in 
order to quote them in their letters and writings. And although such an ornate 
style displeases some people, there are nevertheless many others who cannot get 
enough of it. Briefly, there are found few among them who devote themselves 
whÓlly to mathematics and .fo·r this reason it is necessary, as we have said, that 
this' subject should be discussed in the native language of the community. But 
in addition this language also has to be good and to be able to render everything 
that is required for the matter. Now because this question of the language is one 
of the chief points which make me despair we shall ever reach an Age óf the 
Sages again, because - as has been said before - along with the dec1ine of many 
sciences of the said Age of the Sages men's knowledge or appreciation of the 
excellence of a language also seems to have dec1ined, and it will be difficult to 

1) See note 2 on p. 315. 



- 622 -

VAN SYN BEPALINGHEN INT GHEMEEN. 21 
der vo\cki',t'welck wel oirfaeck is datter hemlien in haer gemeente meer men .. 
fchen daer in oeffené,dant foudë byaldienfernict afen handeldé,maer wantfa 
daer in Ceer veel GrieckCche en Arabifchc confiwoordë fiellé. de groole VOOlt .. 

ganc.k met kennis der oirfaké,om weerom 101 een WijCenrijllc geraken,en all, 
daer uyl niet volgen ;Want alCmëde confiwoorde"n nietgrondeliek en verfiaet" 
als by voorbeeh inde FranCehe taelle Ceggévan proO"phmft. ParaUaxt, '/{1dir, 
.Almil'h"afJlllrat, en veel dergelijcke, haer beleyekening geducrlick I'onthouden 
valt de gemeente laftich,de oeffeningmoeylick, verdrietich,en de Caeek vä flap. 
pc vooIlganck,fy en eonnë niet ver beleren gebreekigc conftwoorden die diek. 
wils beIer bepaling vereyfièhen,noeh de dwalingen mereken dieder uyt volgë, 
dan verblijden hun te eonnen Cpreken woordë die ander haer lantOieden niet 
en verilaen,en dat~cn hun met verwondering voor Hoochgeleerden hout. 
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make them understand this, I have to set forth my view of this more fully to the 
best of my ability. It is known that the French (to start with the example of the 
French language) describe the liberal arts more frequently in their own language 
than do other nations, which is probably the cause that more of the community 
study them than would be the case if they did not discuss them, but great progress 
use in their studies very many Greek and Arabic technical terms, the great progress 
involving knowledge of the causes, necessary to reach an Age of the Sages again, 
cannot result therefrom. For when the technical terms are not thoroughly under
stood, as when, for instance, in the French language the, words Prostaphérèse, 
Parallaxe, Nadir, Almucantarat and the like are used, it is difficult for ordinary 
people to remember their meaning constantly, the study of the sciences is difficult 
and annoying, and the progress of the matter is poor; they cannot correct defective 
technical terms, which of ten call for a better definition, nor note theerrors 

'resulting therefrom, but they are glad that they can use words which others of their 
countrymen do not understand and that they are looked upon with admiration 
as very learned men, 



- 624 -

[Ino~derto'sh'owhowthe tiseof good technicat" terms affects the pllrsllit ot 
'. scieflCè" Stevi1i points' to the word" proportion", which failed to be IInderstood by 
, stIldents of mllsical theory,ihlls leading to confllsed and unpractkàl systems of 
'tuning. If, however,ih,e Dutch word "evenredigheid" (" equi-ratio") had been 
used, equal temperament would automatically have been adopted. , 
. T he admixture of foreign words with a language, such as it takes plaee, in 

French, is an impoverishmàzt rather than an enrichment. Contrary to the genera! 
· view therefore Stevin asserts that the 'Prench language is neither rich nor suitable 
for scienee. There are indeed charming Frenchpoems, which Stevii1 himself has 

'read with great pleastire. But this· merely 'proves that Frarice counts many greal' 
· poets;' the language itself is extremelydefeetive, beeause it eontains solarge a 
· number, of foreign words which ordinary people do not IInderstand; --: The same 
· applie's'to Italian and Spanish, though' to a less extent; 

. Jn order to assess the value ofa language, Stevin wants to aseertain to whtI'J 
extrmtit'isable toserve as a v'ehicle for scienee. in partkular for mathematks.: 
French, Ita/ian, Spanish or Latin cannot express the mathematical scierices IInless 
by using Greek words. Greek on the contrary is a very suitable language, beeause 
compound words are formed very easily in that langllage. Even better is Duteh, 
which is able to forge even shorter and plainer compounds of this kind trom 
mostly monosyllabic basic words. 

T 0 prove this, Stevin gives lists of more than two thousand monosyllabic Duteh 
words, whilst on 'the other hand he finds only smalt numbers of m'OnolSyllabic 
Latin or Greek words. Af ter this he shows by means of four instanees how the 
meaning of Duteh eompounds is always unambiguous and immediately dear 10 
anyone. He who gains an insight into the character of the Dutch language cannot 
but marvel at its excellence. In historical times there has been no nation clever 
enough to grasp the great importanee of sueh a language strueture and to produce 
such a language. This language accordingly might have arisen in the Age of the 
Sages. lf the Dutch should properly appreciate again their langllage (which is 
spoken in its purest form in North Holland), they might help to bring about 
the speedy restoration of the Age of the Sages. 

Those who do not know what the language of science is, think that the 
aequisition of learning makes our lives gloomy and distracts liS from important 
practical matters. ThrlS there are many people who think that Prince Maurice 
by his devotion to the sciences is distracted from the business of government. 
But to this it has to be answered that the study of scienees in the systematic 
formulation and style of the Age of the Sages makes things easier and aids liS in 
accomplishing many great things. 

The modes of expression of scientifie style are next dicussed by Stevin, in five 
chapters. ' 

1. ,The style of Euclid, in which a rigorous distinction is made between proposition 
and problem. Each of them is subdivided info the supposition, the property 

to be proved, the construction, and the proof (datum, quaesitum, constructio, 
demonstratio). Such a subdivision presents great advantages. One ean first fully 
study the theoretical proposition, which one has to understand thoroughly,' 
afterwards one can then give one' s undivided attention to the practical rules 
(example: with multiplieation, division, extraction of roots). Ptolemy did not 
make IIse of this mathematica! style, which undoubtedly dates back to the 
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Age of the Sages. Peurbach, Regiomontanus, and Copernicus on the other hand 
did make use of it, just like Stevin himself in his Mathematical Memoirs. 

2. The propositions should be preceded by definitions. Stevin relates how in 
certain cÎrcumstances he had to get to know more about earthwork; wattling, 
carpentry, brick-Iaying, forging, etc. For this, the workers in these trades 
were his best teachers. He began by asking them for the meaning of the 
words he did not understand, wrote down the definitions of these words, 
and learned them by heart. It appeared that he could then talk quite easily 
with the workersand that he thus quickly improved his knowiedge. 
In Stevin' s "Arithmétique" all the definitions are given at the beginning; 
another time he would prefer to open each chapter with those definitions 
which pertdin to that chapter. ' 

3. Dichotomy. 
By this, Stevin means the c1assification of the subject under discussion into 

two (or more) possible cases; in the discussion of the spherical triangle, for 
instanee, the following cases are to be distinguished: 

the side AC is less than 90 degrees; 
the side AC is equal to 90 degrees; 
the side AC is more than 90 degrees. 

4. Anaphora: the iame concepts should invariably be referred to by the same 
terms 1). . 

5. The separate discussion of theory and practical application. In a final chapter 
Stevin shows that theory and practice are both necessary.] 

1) In rhetoric, this word designates afigure consisting in the repetition of a word or a 
phrase at tbe beginning of two or more successive sentences. 
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V A N T MEN G HE N DER * SPI E
G HEL I N GEN D A E T. 

W' Arttrer int mck des oirdens noch een verfchil valt vant mehghen der 
, fpiegheling en daet,foo moet ick daeraf mijn ghevoden leggen, eerft 
haer beteyckening vcrclarende voor de ghene diet onbekeot mocht fijn; 

, Spiegheling is een vcrdochten handel fonder natuerlicke ll:of,ghelijck onder 
, P.,. Hypo' •• anderen fijn de Spieghelinghen des Spieghclaers Etlclid(s, handelende * deur, 

(no. fidling van groothetlenen ghetalcn, maer elek ghefchcydcn van: namerlicke 
flof. Daet is een handel die wefentlick met natucrlickcll:of ghcfchiet,als lanr 
en wallen ruettn,de menichte der roen of voeten tellen diedaill fijn ,en dier~ 
ghelijeke. T'befluyt vandevoorllellen der Spiegheling is volcommen , maei" 
der daet onvolcommen: Als by voorbeeltde Spieghding vint en bewijtl: dat 

p.,~mtlirA. den helft des uytbrengs vande * hanghende en gront eens wj[conilich drie-
, Ita,,;. , houCx, volcommelick gheeft het inhoudt des plats fonder eenich gcbreck of 

overfchot: Maer een wefentlick driehoutk van lant ofander glatter llofda
delick ghemeten ftjnde, t'belluyt is daer af onvolcommen,eenfdeels om dat 
wy ghcenlangde foo riau meten en connen,datwt gheen du yfentll:e deel der 
dicktecens haersenfchilt,ofal waert by gevalIe heel effen,tis onbewijfeliçk. 
Ten anderen om dat gheen ruiruerlicke linien foo heel recht,noch natuerlit
ke vlaeken foo heel plat en, ft j n,als de wi[conilighe bepalinghen vereylIèheh, 
of al waren IYfoo heel recht en plat, tcn is niet bewijfelitk. De eyghenfch:ip , 
en t'eyilde dcr Spiegeling is datfe' verllreckt tot [cker gront vandc manier 
der wercking indedaet,alwaermen deur nauwer en moe) elicker toelicht de 
volcommenheyt der Spkgheling fo na mach commen,als de làcclcs einde tOt 
Smenfchen ghebruyck vere}{cht. 

M",btllUli- Hier uyi: is te verft aen,dat wanneerfommighe de * Wifconfien van oll\'oI
çM4r,u. commenheyt befchuldighen ; deur dien veel dadelicke werckinghen niet 

heel elfen uytencommeil,datter kennis gebreeckt des onderfcheyrs tulfchen 
lIItrbll>li- Spiegelingen Daèt,tuffchen Wilèonllighen en ru)'chwerckelicken handel: 
Çll"'. Want de Daet of* tuychwerckelicken handel om de bovefchreveh rede

nen altijt onvolcommen moet wefen. 
Deferwee deelen Spiegeling en daetfijil fo vcrfcheydé,datincnich menrcn 

hem t'eenemael tottet een begheeft, fonder van t'ander kennis te hebben, 
YlIlwrfoati. ghelijck~emch leeraer ,ine.t fijn ~oeho?rders inde *ghe~een fcholen g~e:.. 
~. , beurt, diehun gheduerhckm Spleghelmgen oeffenen,als m Eucltdts * begm
,rmm/U. kIen der Meetconll,fonder dadelfck fe meten landen, wallen, of vaten, of yet 

anders te doen daer de Daet in bellàèt : En weerom verkeert fo vimmen da
delicke Lantmeters,welcke alle reghels diefe befighen gelooven, oftOell:aen 
mer te wefen,fonder inde Spiegeling t'onderfoucken de oirlàken en bewijs: 
Ia (Ommighcn cn weten niet datter fulcke oïrCàken en bc:wij5affijn. 

, ' Angacn-
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ON THE COMBINATION OF THEORY AND PRACTICE. 

Because, in the matter of orderly exposition, opinions differ with regard to 
the combination of theory and practice, 1 feel bound to give my view about this, 
first explaining their meaning for those who are not acquainted with it. Theory 
is a fictitious operation without natural material, such as e.g. the theories of 
the theoretician Euclid, which operate by the assumption of quantities and numbers, 
but each of them without connection with natural material. Practice is an operation 
which essentially takes place with natural material, such as the measurement of 
land and ramparts, counting the number of rods or feet contained therein, and the 
like. The conclusion of theoretical propositions is perfect, but that of practical 
propositions is imperfect. Thus, for instance, the theory finds and proves that half 
the product of the height and the base of a mathematical triangle perfectly gives the 
area of the plane surface, . without any deficiency or surplus; but when a real 
,triangle of land or smoother material is measured actually, the conclusion is 
imperfect, in the first place because we cannot measureany length so exactly that 
it does notdiffer by one thousandth part of a hair~s· breadth, or even if it is 
quite exact, it cannot be proved. In the second place because no natural lines are 
quite so straight nor natural plane surfaces quite so flat as the mathematical 
definitions require, or even if they are quite straight and flat, it cannot be proved. 
The property and the end of theory is that it furnishes a sure foundati~n for the 
method of practical operation, in which by closer and more painstaking care . 
one may get as near to the perfection of the theory as the purpose of the 
matter requires for the benefit of man. 

From this it is to be understood that if some people accuse the mathematical 
sciences of imperfection, because many practical operations do not produce results 
which are quite exact, they lack knowledge of the difference between theory and 
practice, between mathematical and mechanical operations, for practice or 
mechanical operation on the above account must always be imperfect. 

These two sections, theory and practice, ·are 50 different that many people apply 
themselves altogether to the one, without being acquainted with the other, as is 
the case with many lecturers and their audience in the universities, where they 
constantly study theories, e.g. Euclid's elements of geometry, without actually 
measuring lands, ramparts or vessels or doing anything else in which practice 
consists. And, conversely, practical surveyors are to be found who take on trust 
all the mIes they apply or regard them as true, without examining the causes 
and the proof in the theory; nay, some do not even know that such causes and proofs 
exist. 
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VAN SYN BEPALINGHEN INT GHEMEEN~ ..,." 

Angaende etrclicke feggh en de Spicgheling fonder Daet onnut tewefcn,hct 
fchijnt dat men de faeck met beter onderfeheyt foudemcughen inlien.Om hiet 
af mij n ghevoelen te verdaren, iek fegh by voorbeett aldus: Datmen ('werd; 
eensaerbeyders die boomenint bofehafhour, foudevooronnlltaehren, om 
dat hyder felf gheen huyfen,fehepen, molens, fluyfen, tonnen, kifien,beelden. 
cn dierghelijeke me en maeekr,dat en waer openhaerliek niet wel ghefc:yt,want 
hoewel fuleke wetenfehap in ec:n menfch looflick is, noch lans ghemerckt hy 
mei boomc:n af te houwen, an veel ander ftofleverr ,om ekk hem in fijn am
bacht te oeffi:nen, [00 c:n is fijn aerbc:yt niet te verachtc:n: Maer dat hy die h0o
rnen afhieuwe om Ie lal en verrotten, fondc:r nur daer af IC verwachtcn ,. dat 
waer dwafc:lickghedaen: En alfoo i!t ooek meue Spic:ghelac:rsin vrye conften, 
fy eonnen den Doenders ftof leveren en voorderlick fijn, fonder felfDocndc:rs 
IC: wefen: A Is den Spieghc:laer Euclidu, die wy niet en bc:vindc:n Doender ghe
wc:eft re hebben, heeft nochtans voorftellen befchrevCD den dadelicken Bou
meefters, Landtmeiers ,en ander docnders feer voórderlick iDen Spieghc:lacr 
Pto!tmeUd en meer ander die ghecn dadelieke Stic:rlien en waren, hc:bben noch
tans rel;heIen befehreven den dadeIicken SlierIicn op groole Zcevaerden , en 
andc:r hun daer in oc:tfenende feer nur:la fuIcx dat de dade1icke Stierlien fe1ffich 
voor mcefters ach ten, als fy vèrftaen de regheJen door [uJeke Spieghelaers be
fchreven, hoewclfe nochtans gheen dadclicke Stierlien en waren, Oaerom een 
Spieghe1aers Spieghelinghen die ander Doenders te fia commen , cn fijn niet 
onnut al en is hy fdf ghc:en Doendc:r. 

Tot hier toe deur etteJieke omftandighen verdaen hebbende wat Spiegeling 
en Daet beteyekent, foo is te weten dat d' oude Wifeonftenaers met ooek eue
Iicke nieuwe, van yder dier IweedecIen onvermengt int bef onder handelen; 
welcke oil'den wy daert te pas comt oock volghen : Doch wantter by euelieke 
cen ander ghc:vocJen is, dic: Spiegheling c:n daet met malcander menghen, om 
teen meuq anden'famen te leeren, fo moet iek om breéder reden mijnsdoens 
te verdaren, daer af mijn ghevoeJen fegghc:n. 

Voor al [00 ift te weten dat der Menfehen natuediekegheneghenthcdenan_ 
..gac:nde de Daet feer verfeheyden fijn, waer toe noch hel pcn de oirfakcn die de
fen anders ontmoeten cn dringhen als dien: Den cenc:n heeft natuerlicke luR: 
met eenighe dringhende oir faken toue Srercktebou, en dinghen de erijchan
gaende: DenanderCD tot Landtmeten: DederJe tot Wijnfehroon: De vic:rde 
lot faken de groole Zeevaerdc:n belanghende: De vijfde lOllen * Huyfbou: De 4rrbit.a.. 
felle totte Spiegheling allec:n: De fevendc: tot Cltc:1icke van dc:fe,of tOt altemael, r-. 
met noch oneyndelieke ander.N u alfo een der; voornaemfte eynden vande be
fehrijving der v'r)'e conften ftreckt, om daer deur te erijghen veel menfchen,die 
ten ghemeenen oirboire mei lichticheyt gheraken ter kennis van ,'gbene daeE 
fy hun toe be:ghc:ven,foo willenwy eensoverlegghen, of dat inde leeting ghe-
fchien can door vermenging des daets mette Spiegbeling,lot wekken eynde iek 
aldus fegh:Alfmen onder fpieghelighe voorftellen euelieke des daets vermengt, 
cn dar van eenafeomll ghetrocken uyr de oneyndelicke menichte diemen daer 
afbC:lèhrijfr, de felve daddicke voorllellen en rullen mi{fehien niet fijn van die 
afeomll daee den leerlinek na tracht: Als by voorbee\t, datmen inde MeeteonR: 
ru{fehen de fpieghelighe voodlclleri eenighe bcfchrijft des dac:rs, waer in voor-
beelden commen neem iek der meting deur het * [cbuyferuys. van ongherake- RJ_ 
licke veynftc:rs en pylaren van gheftiehten; Maer tOean ghebeuren dat den leer-
linek tot fulde: afeomll van Meetdae:t gheen luft en fal hc:bben,de:nekende mif-
(chien dattc:t inde: Daet luuel ghebruycx heef" oo,k ghe:en ghenouchfa(Jll fe:-

. ka-
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As regards the assertion of some people that theory without practice is useless, 
it would seem that this matter should be considered more critically. To set forth 
my view about this, I say, for instance, as foUows: it would evidently not be 
right to regard the work of a labourer, who cuts down trees in the wood, as useless 
because he does not personally make houses, ships, mills, canal-locks, barrds, chests, 
sculptures, and the like therewith, foralthough such knowledge is praiseworthy in a 
man, yet considering that· by cutting down. trees he supplies many others· with 
material with which each of them can pursue his trade, his work is not to be 
despised. But if he were to cut down those trees to let them rot, without~xpecting 
any benefit of them, that would be acting foolishly. And thus it is also with the 
theoieticians in the liberal arts: they are able to furnish. the pradicians with 
material and to be of use to them, without themselves being practicüms. Thus 
the theoretician Euclid, whom we do not find to have been a practician, nevertheless 
described propositions which are of great use to practical architects, surveyors, and 
other practicians. The theoretician Ptolemy and several .others, who were no 
practical navigators, nevertheless described rules which are of great use to 
practical navigators during long voyages and to others pursuing this art, even to 
the extent that practical navigators consider themselves masters when they are 
conversant with the rules described by such theoreticians, although nevertheless 
the latter were no practical navigators. Accordingly the theories ~f a theoretician 
which are of use to others who are practicians are not useless;' even though he 
himself is no practician. "'. 

Having so far explained by means of some ample considerations what is the 
meaning of theory and practice, I would say that it is to be noted that the ancient 
mathematicians as weU as some modern ones treat of each of these two sections 
in particular without combining them, an order which we also follow where this 
is proper. But because a different view is held by some people, who combine 
theory and practice, in order to teach the two things together, I have to give my 
views about this, so as to explain the reason of my conduct more fully. 

Before all it is to be noted that people's natural inclinations towards practice 
vary widely, a fact which is also promoted by the causes, which occur to and 
impel some people in a different way from others. One man has a natural liking, 
with some causes impeUing him thereto, for the art of fortification 'ànd things 
concerned with war, another for surveying, a third for displacing barrels of wine, 
a fourth for matters concerned with great voyages, a fifth for architecture, a sixth 
for theory alone, a seventh for some or all of them, with an infinite number of 
others as well. Now since one of the main ends of the description of the liberal 
arts is thus to get many people who, for the benefit of all, easily acquire the 
knowledge of the subject to which they apply themselves, we will consider for a 
moment whether in instruction this can take place by a combination of practice 
and theory, to which end I say as follows: If among theoretical propositions 
one inc1uded some practicalones, and that of a species chosen from the infinite 
nuniber described, these practical propositions may not be of the species the pupil 
is aiming at; thus, for instance, if in geometry among the theoretical propositions 
one describes some practicalones, in which there occur instances - lassurne -
of measurements, by means of the cross-staff, of inaccessible windows and columns 
of buildings. But it may be that the pupil has no liking for this species of practical 
measurement, thinking perhaps that it is little used in practice nor produces 
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i Bóvcx DE's lhR.TCI.OOT,ScHRIFTs, 
, . ' 

, kerhcyt,om op fulck~ gevonden maten van pylaren in ander ghebou te we~ 
tegaen, of ander inyallcn die hem meughen t~ voor.commen: Boven dien en 
fal hydcrniet vinden *d'afcomft daer hy na trachl: Sulcx dat by almen hy aI wil 

, vèrftaen watter int bouek is, faI mócten leeren dal hy niel en begheeII IC weten. 
, MacI de SpicgheIing als eenoildentlick gcketent wcrckaIleen befchre\'cn fijn
de. en den kctlinckdic vedlaende,,:y verfireckt hem tOt ghemccne gront, 001 

inoerliek te begriipcJl alfuIcken deel der Dact alshy uyt verfcheyden befchrc
ycnDadcnintlicbt uytgaende, na fijn behaghen verkicfen fal. ' , 
, Voor 6efluyt, iek heb mijn ghevoelen verelaert hoet fchijnt dalmen de 1äeck 

an mocht Iegghen,()m merter tijt weerom te gheraken tOl fuIckegrooreweten
fchappen aUrer inden Wyfenrijrghcweeft fijn,ghelijek r'voornemen was. En 
met opficht ván fulcken gIont,1àHek de voJghende handclinghcn bcfchrijven. 

II11STE BoveK DES 
E E 11. T; C L OOT S C, H à i F, T S 

EYNDE. 
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sufficient certainty to proceed for another building on the basis of the measures 
of columns thlis found, or for other reasons that may occur to him, while more
over he will not there find the species which he is aiming at, so that if he wants 
to understand all that the book contains, he will have to learn what he does not 
wish to know. But if the theory alone is described as a systematic chain of 
reasoning and if the pupil understands it, it will serve him as a general basis for 
grasping mentally any part of practice which he chooses at his own pleasure from 
different descriptions of practice that are published. 

To conclude, I have set forth my view as to how it seems one might set out 
to attain gradually to such great learning again as existed in the Age of the Sages, 
as I intended to do. And with respect to this basis I will write the following 
treatises .. 
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