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A note on the work

A mature reckoning with the heavens as the telescope was revealing them —a
sequel to the vast Almagestum Novum (1651), built on further years of
observation at Bologna with the collaborator Grimaldi, with fresh measurements
and corrected parameters at center stage. Across two volumes it treats the Sun,
eclipses, the Moon, the fixed stars, and each of the planets in turn, then reduces it
all to working tables. It carries some of the earliest sustained telescopic accounts
of Saturn's changing shape before its rings were understood, of the bands and
spots crossing Jupiter, and of the apparent sizes of the stars — wielded as
evidence that the Earth stands still. A vivid window onto astronomy at the dawn
of the telescopic age.

A note on the translation process

This translation was produced with the translation-pipeline. See the linked
repository for details on the process.

This text is the product of a highly refined automated translation process. It has
undergone only cursory human review and should not be treated as an
authoritative or scholarly rendering. It is offered solely as a reference and reading
aid — a way to make an otherwise inaccessible work approachable — and any
passage of real consequence should be checked against the original source.
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Dedicatory Epistle — opening

To the Most Serene and Most Powerful Prince and Lord, Lord Ferdinand
Maria [Ferdinand Maria], Arch-Steward [Archidapifer] of the Holy Roman
Empire, Elector of Both Bavarias and of the Upper Palatinate, Duke,
Landgrave of Leuchtenberg.

E. S. [Felicitas. Salus. — "Good fortune and well-being"; or the author's
subscription formula]

[Historiated initial: a large woodcut capital F, set in a decorated square block,
opens the epistle.]

May it be with favorable and auspicious omen, Most Serene Prince, that the
science of astronomy — Reformed, as best I could manage, by my hand — now
comes forth from the press at this very time, born as it were from the womb. For
just as the Sun has entered Leo, so this work, by its natal star, has drawn as its lot
the royal sign of the heavens. Yet by a far happier design it seeks for itself help
and protection under the illustrious name of Your Highness; for in Your royal
coat of arms the globe of the world, gleaming with the star of the Cross and set
between twin Lions above and below, is guarded more securely than by Atlas and
upheld more strongly than by Hercules. For it has been, and is, the peculiar mark
of this Most Serene House — by a twofold virtue, of orthodox Faith and of
unblemished Loyalty — on the one hand to protect and guard the Catholic Church
and the Supreme Pontiffs, and on the other to defend and preserve the Roman
Empire and the Emperors; and to join political pru-



Dedicatory Epistle — continued

-dence with sincere Religion, Equity toward men with Piety toward God, Justice
with severity, Magnanimity with Clemency, the arts of War with the pursuit of
Peace, Wisdom with Fortitude, Arms with Letters; and — what is the very
property of Leo — splendor of Wealth combined with the most generous
munificence in showering its bounty upon learned and good men.

It is remarkable that the wisest priests of Egypt, to signify the overflowing of the
Nile, chose to employ as their hieroglyphic the Lion — the sign diametrically
opposite — rather than Aquarius itself. For what affinity, I ask, appears between
that most blazing sign, with its fiery heat and the dry burning that scorches the
very bowels of the earth, indeed sears its face, and that vast abundance of waters
which the Nile pours forth at the height of its season? Yet here lies a mystery,
whether of Nature's more hidden workings or of the secret providence of the
Deity: that the subterranean lakes of Ethiopia and Egypt, stirred up by the
"barking" of the Dog-Star and by the roaring of the celestial Lion, swell and boil
over from those vast caverns, so that the Nile then rises and overflows — at the
very time when other rivers shrink, and the Nile triumphs in its abundance of
waters, while the rest run dry or stand parched. Moreover, if one considers the
nature of the Nile and the temperament of the Lion, a great likeness between the
two will hold good. Other rivers, the moment their banks are broken or
overtopped, burst out with tyrannical violence and a mass of waves, and lay
waste fields and farmers alike, devastating everything in their path —

through every field, with their stalls, they drag the herds along [camposque per
omnes / Cum stabulis armenta trahunt]

— bringing on barrenness, dearth of grain, and all the evils that follow. The Nile,
by contrast:

Fertile in its flooding, never fails to bring forth fruit [Fertilis exundans, nunquam
non frugifer exit]

It conquers its banks only to enrich the fields; it floods only to make them fruitful;
and the more violently it does so, the more bountiful it proves. By its neighbors it
is then most of all hoped for, the higher it swells in pride — so much so that they
fear lest it should not swell, lament if it should not overflow, and reckon it a
shipwreck of their fields whenever they are not overwhelmed by the mass of its
waters.



The Lion likewise, of all wild beasts the least savage, is as terrible toward those
who scorn his majesty as he is gentle toward the submissive — milder toward
women and infants, kindlier toward those who do him good, more generous
toward the hungry, with whom he shares the food he has more than once
divided, content himself with a modest portion. He knows how to serve holy or
religious men no less than how to rage against others. Nor is any wild beast more
easily tamed than the Lion — especially if he keeps company with princes,
deeming it unworthy of the King of beasts not to lay aside his ferocity in the royal
court, and not to put on a human gentleness in the presence of men robed in
purple.

Ages of old saw it: under Hanno of Carthage [Hanno the Carthaginian]; under
Augustus and under Domitian, lions so tame that fawns and hares played within
their very jaws, fearing nothing there, while the lions themselves were the more
afraid lest they should harm in even the slightest way creatures so defenseless. A
more recent age too has seen it, under John of Austria [John of Austria], under
Maximilian, and under Rudolf II [Rudolf II]: lions walking harmlessly through the
palace and waiting upon their masters; and at the castle of Eitelberg [Eitelberg],
lions of Otto Henry, Count Palatine [Otto Henry, Count Palatine], playing with
puppies and sleeping untroubled at their side.

To what end, you will ask, this digression about the Nile and about Lions? Why,
so that through the Lions blazing so brilliantly in Your most noble coat of arms I
might urge that there are signified those Heroic virtues which I recounted above
— the very virtues which Your HIGHNESS has dra-

[The dedicatory epistle to Ferdinand Maria continues from the prior batch; the
opening words of p. 13 complete a sentence broken off on p. 12: "...the very virtues
which Your HIGHNESS has dra-[hau-]"]

—drawn upon, and which Your Ancestors transmitted down into You in
unbroken succession all the way from Charlemagne [Carolo Magno] through the
illustrious line of their descendants. Among these Ancestors, one who won
immortal remembrance and raised his head high was Otto the Great [Otho
Magnus] — tall indeed in body, but greater in spirit, and destined to rise higher
still, had not Heaven, in that very year 1180 when he was chosen Duke in
Bavaria, begrudged him to the earth. Yet in his stead his son, Ludwig [Ludovicus],
Duke of Bavaria, Septemvir, Count Palatine, and founder of Straubing
[Straubinga], earned distinction for his loyalty toward Frederick II [Fridericum
I1], and won praises for his Religion and his Piety toward Innocent IV
[Innocentium IV], so that he merited high tribute as a glory of both Empire and



Church. His grandson, Ludwig II [Ludovicus II], surnamed the Severe, with the
gravity of his character contending against his fairness, ceded Lower Bavaria to
his brother Henry [Henrico]. From this line came that distinguished offspring,
Ludwig III [Ludovicus III], who in the year 1314 was chosen King of the Romans
and soon after Emperor — so great a man that the age could not decide what was
more to be admired in him: his kindness toward his peoples, or his love of letters
and of learned men, or his zeal for the Orthodox Faith and his unceasing
devotion to defending the Church of God. His great-great-grandson, Albert
[Albertus], surnamed the Pious — but no less the Magnanimous — refused the
proffered Kingdom of Bohemia, having tested within himself a Kingdom ampler
and nobler, and proving true that saying of Horace [Horatianum illud]:

The more you rule by mastering a greedy Spirit, than if you should join
Libya to far-off Gades, with either Carthaginian in servitude to one man
alone.

Therefore from this stock was born the second Albert [Albertus], called the Wise,
who, emulating the Piety of his Father no less than the most religious devotion of
his wife Kunigunde, raised up very many Churches in Munich [Monachij], that by
these — as if by citadels — he might storm Heaven, not by giant-like daring but
by humble devotion. Why then should he not have begotten one like himself,
William [Guillelmum], in whom so great an ardor for the Catholic Religion shone
forth? And this William in turn was that very Albert V [Albertum V], who, also
bearing the surname "the Wise," showed himself the wiser the more keenly he
championed the Orthodox Faith. From him was sprung Your grandsire William
[Guillelmus Ferdinandus], most zealous for the Catholic Religion, who in the year
1597, so that out of the storms of this World he might withdraw into harbor, and
thence more safely into Heaven, abdicated the Dukedom of both Bavarias to be
free for himself — nay rather, to be free for God alone. Afterward, from Renata
[Renata] — that most illustrious Heroine — he had received Your Father, the best
of men, Maximilian [Maximilianum]; and concerning him it is more fitting to
keep silent than, in too cramped a compass and beneath his deserts, to wish to
comprehend in a single tribute either his skill in arms, or his cultivation of peace,
or his love of justice and of equity, or his most religious piety, or the rest of those
endowments on account of which Germany acclaimed him Father of his Country.

Of all these, most Serene Ferdinand Maria [Serenissime Ferdinande Maria], You
willed that the prerogatives be Yours by hereditary right and by voluntary
possession: above all, Prudence in the choosing of counsels, Equity in judgments,
the most amiable Humanity in governing Your subjects, a steadfast Zeal in



defending the Orthodox Faith, and resoluteness in repelling the enemies of the
Faith and of the Empire. From this it came about that Your Cohorts withstood,
repulsed, routed, and put to flight the forces of the Turks — superior in number,
not in valor — with a memorable slaughter of the foe and to Your own praise.

[p. 14 — the close of the dedicatory epistle and its subscription. The whole leaf'is
heavily ghosted by show-through from the printed verso/recto, but the recto text is
legible.]

But just how much our Society [Societas nostra] owes to You, to Your most
illustrious Father, and to Your grandsire — how great the Munificence it has
enjoyed from that quarter, and the protection surpassing all glory that it has
rejoiced in, and rejoices in to this very day — no words can express, no
monuments can attest; nor can it be discharged against so great a mass of debt,
however great Your Magnanimity may be — because to do so would itself be a
fresh benefaction and an immense new debt, under which one could never cease
to labor for its repayment, even unto eternity. It remains only that the Greatness
of Your HIGHNESS [Celsitudinis Tuae] deign neither to scorn the smallness of my
Work, nor the slenderness of my talent, nor to refuse to admit me among Your
most devoted clients.

Of Your Most Serene Electoral Highness
[set lower right:]
The most humble and obedient Servant,

Giovanni Battista Riccioli [Io. Baptista Ricciolus], of the Society of Jesus.

INDEX OF THE BOOKS.
BOOK ONE.

In which are the observations of the Sun, and the foundations of the Solar
hypotheses.

BOOK TWO.

In which are select observations of Eclipses of the Moon and of the Sun, for
establishing the lunisolar motions and the Moon's first inequality, and for
delimiting the apparent Diameters of the Luminaries.



BOOK THREE.

In which are the observations of the Moon apart from Eclipses, treating of the
Moon's monthly inequality, its variation, and its libration.

BOOK FOUR.

In which select observations of the Fixed Stars are examined, drawn from the
ancients and from more recent astronomers; and from these, Tables are
constructed and presented up to the Year of Christ 1700.

BOOK FIVE.

In which are the observations of the Planet Saturn, and the hypothesis of its
motions.

BOOK SIX.

In which are the observations of the Planet Jupiter, and the hypothesis of its
motions.

BOOK SEVEN.

In which are the observations of the Planet Mars, and the hypothesis of its
motions.

BOOK EIGHT.

In which are the observations of the Planet Venus, and the hypothesis of its
motions.

[Index Librorum, conclusion]

BOOK NINE.

In which are the observations of the planet Mercury, and the hypothesis of its
motions.

BOOK TEN.

In which are the supplementary matters [paralipomena] concerning observations
bearing on the fixed stars and the minor planets — namely, on their apparent
diameters, their figure, their phases [Fasciis], their spots [Maculis], their rotation



[Vertigine], their satellites [Comitibus], the motions of those satellites, and their
distances from the Sun and from the Earth.

Faculty [license] of the Reverend Father Girolamo Claramonti [Hieronymus
Claramontius] of the Society of Jesus, Provincial in the Province of Venice.

Since two priests of our same Society of Jesus, expert in theology and in
mathematics, have reviewed the Astronomia Reformata of Father Giovanni
Battista Riccioli [Io. Baptista Ricciolus], a priest of our Society, and have approved
that it may be published — we too, having obtained the faculty granted to us by
the Most Reverend Father Goswin Nickel [Gosuinus Nikchel] of the Society of
Jesus, our Superior General, concede that it be committed to the press, if so it
shall seem fitting to those to whom this pertains. In witness whereof we have
given these letters, subscribed by our own hand and secured with our seal. At
Bologna [Bononia], the 28th day of October, 1658.

Girolamo Claramonti [Hieronymus Claramontius].
Place % of the Seal [Locus Sigilli].

Examined by [Vidit] the Lord Carlo Gorani [Carolus Goranus], Penitentiary, on
behalf of the Most Eminent and Most Reverend Lord Archbishop of Bologna and
Prince.

Examined by [Vidit], out of his singular goodwill toward the Author, the Most
Reverend Father Inquisitor of Bologna himself, Friar Guglielmo Foschi
[Gulielmus Fochus], and the faculty of printing was confirmed by his Most
Reverend Successor.

Let it be printed [Imprimatur].

Friar Giovanni Vincenzo Paolini di Gatteo [Ioannes Vincentius Paulinus de
Gatexio], Master Inquisitor General of Bologna.

INDEX OF THE BOOKS AND CHAPTERS AFTER THE
PROLEGOMENA — to the Astronomia Reformata

BOOK ONE — On the Sun.
CHAP.

1. On the methods of observing the equinoxes, solstices, and the maximum
declination of the Sun, with the least possible error [fallacia]. — p. 1



2. On the instruments most suitable for finely observing the Sun and any
star's meridian altitudes; and especially on the celebrated gnomon of
Bologna and others like it. — 3

3. Observations of the equinoxes, or near the equinoxes, from 162 years
before Christ down to the year of Christ 1656. — 7

4. On the quantity of the equinoctial year, and on the diurnal and the annual
motion of the Sun. — 14

5. Observations of the solstices. — 16

6. Observations of the obliquity of the ecliptic, or of the maximum
declination. — 18

7. Observations made with quadrants and semicircles. — 22

8. Selected observations of the Sun's meridian altitudes apart from the
equinoxes and solstices. — 23

9. On the motion of the Sun's apogee. — 29

10.0n the eccentricity of the Sun, and the inequality of the diurnal motions. —

11.0n the eccentricity, equation, and intervals of the Sun, to be investigated
within the elliptical geometry [in Ellipsi Geometricé investigandis]. — 33

12.Selected observations of the Sun's apparent diameter, in which a
remarkable source of error, into which certain other astronomers had
fallen, has very recently been detected. — 37

13.0n the Sun's parallax and its distance from the Earth. — 41

14.0n the astronomical refractions, their comparison, and their use together
with the parallaxes; and a new inquiry into the parallaxes through the
refractions. — 42

15.0n the Sun's refractions. — 57

16.0n establishing the epochs of the Sun's motion. — 61
17.A new theory of the Sun's motions is proposed. — 62
18.The theory of the Sun's spiral motion is indicated. — 65

19. Conclusions concerning the certainty acquired so far, or to be hoped for
hereafter, regarding the Sun's motion, intervals, and quantity; the theory;
and the practice of the Tables. — 69

e 1. Appendix to Chapter XII. — p. 71 On the apparent diameter of the Sun.

e II Appendix to Chapter XVII. — p. 81 On the diurnal motion of the Sun, or
rather of the remaining heavenly bodies than of the Earth, against the
Copernicans.



BOOK TWO — On the Eclipses of the Moon and of the Sun.

CHAP.
1.

On the selection of observed eclipses, and their use for establishing and
verifying the astronomical Tables; and on the distance of the meridians
assumed in the more celebrated Tables. — p. 92

Eclipses of the Moon observed as to their quantity and timing [Quantitatem
& Momentum], from the year 721 before Christ down to A.D. 1660; with
errors of other observers detected, either in the chronology or in the
magnitude. — 95

An epitome of the observations of lunar eclipses whose moments — total,
or mid-eclipse — have been handed down to us by their authors up to now,
which we have reduced to a single, uniform meridian of Bologna by means
of the table in the last chapter. — 105

On the uncertainty of the ancient observations, and of certain more recent
ones; the discrepancy of the observers of the same eclipse, and its causes;
ten disagreements [Dissid.]. — 108

On the agreement, or disagreement, of the astronomical Tables with the
observations of lunar eclipses — and first regarding the ancient eclipses
down to and including Ptolemy [Ptolemaum]; and how great a discrepancy
appears between the astronomical and the chronological Tables; but how
Ptolemy [Ptolemaeus] did indeed err in the motion of the Sun. — 110

On the agreement, or disagreement, of the astronomical Tables with the
observations of eclipses, from the time of al-Battani [Albategnius] down to
A.D.1660. — 118

On the excellence of astronomical matters, and a comparison among them,
drawn from the observations of lunar eclipses. Wherein certain notable
conclusions are established. — 126

In which the foundations of the new Tables, and the eclipses from al-
Battani [Albategnius] down to A.D. 1660 — selected observations, and
computed from the Author's new Tables. — 131

On the ancient eclipses of the Moon, displayed by means of the Author's
new Tables. — 133

10.0n the motion of the Moon in longitude, as established by the more

distinguished astronomers up to now, and by which method especially it
may seem that something is to be desired in that motion — wherein it has
been gone astray. — 135



11.0n the synodic lunar month, to be investigated through several eclipses. —
137

12.How, from the synodic month of the Moon, the remaining motions of the
Moon in longitude may be derived. For concerning the anomaly and the
latitude of the motion we shall treat separately below [seorsim dicemus] —

[Index Librorum et Capitum, continued]

CHAP. (Book Two, conclusion)

— now treating of the motion in longitude reckoned from the section of the true
equinox.

13.0n the motion of the lunar apogee and anomaly. — p. 140

14.0n the motion of the lunar latitude, or of the nodes. — 141

15.0n establishing the epochs of the lunar motion. — 142

16.Selected observations of solar eclipses — chosen, however, as suitable for
establishing the lunisolar motions and the apparent diameters of the
luminaries; with certain corrections of the astronomers' calculation
thereafter adjoined. — 143

17.0n the apparent diameters of the luminaries, suitable for representing
total and annular solar eclipses. — 148

18.0n the eccentricity of the lunar orbit; on the internal parallaxes and the
apparent semidiameters of the Moon, determined now by means of a circle
rather than by means of an ellipse. — 149

19.0n the true magnitude of the Moon. — 151

20.0n the latitude of the Moon, the anomaly of its motion, and the reduction
of the Moon to the ecliptic. — 151

BOOK THREE — In which are the observations of the Moon apart
from eclipses.
1. Observations of the Moon, apart from eclipses, from 295 years before
Christ down to the year of Christ 509, as regards the places of the Moon in
the heavens. — p. 152
2. Lunar observations of Johannes Regiomontanus [Regiomontanus],
Bernhard Walther [Bernardus Vualtherus], Nicolaus Copernicus [Nicolaus

Copernicus], and Abraham Zacuto [Abrahamus Zaguthus], as regards the
places of the Moon apart from eclipses, from A.D. 1462 to 1524. — 154



. Selected lunar observations of Tycho [Brahe], apart from eclipses, as
regards the place of the Moon. — 155

. Some lunar observations of Kepler [Keplerus], Lansberg [Lansbergius], and
Longomontanus [Longomontanus], apart from eclipses, from A.D. 1598 to
1608. — 155

. Lunar observations apart from eclipses by Boulliau [Bullialdus], Gassendi
[Gassendus], Hevelius [Hevelius], Hodierna [Hodierna], Hortensius
[Hortensius], Michael Langren [Michael Langrenus], and Vincenzo Mut
[Vincentius Mutus], from the year 1623 down to the year 1653, as regards
the places of the Moon. — 156

. In which is exhibited the table of observations XXIV, of the Moon, together
with the calculation of Ismaél Boulliau [Ismael Bullialdus] — which he
himself promises in his Astronomia Philolaica [Astronom. Philol.], chap. 12
(Book 3), but afterward deferred to page 171 of his own Tables. — 159

. Selected lunar observations, from among many made at Bologna by the
Fathers Giovanni Battista Riccioli [Riccioli] and Francesco Maria Grimaldi
[Franc. Maria Grimaldus] of the Society of Jesus, for the places of the Moon
apart from eclipses. — 160

. On the conjunctions [copulas] of the Moon with distances. — 163

. A theory of the lunar motion in longitude is proposed, composed for the
inequality out of the first and the second [inequality]. — p. 164

10.0n the lunar variation. — 166

11.0On the libration of the lunar body. — 168

12. A letter to the exceedingly Reverend, most illustrious, and most learned
man, Father Giovanni Battista Riccioli [Riccioli] of the Society of Jesus, a
priest, professor of theology and astronomy, most celebrated at Bologna
[Bononia] — from Johannes Hevelius [Joannes Hevelius]. — 169

13. A brief reply to the matter awaited by Hevelius. — 192

14.Observations concerning the mobility of the poles, or of the nodes
[Nodorum] of the lunar libration, from the year 1649 to 1656. — 192

15.A judgment concerning the aforesaid mobility of the poles, from the
premised observations. — 199

16.Selected more recent observations of Father Francesco Maria Grimaldi
[Franc. Maria Grimaldus] concerning the limits of the lunar libration, from
the year 1631 to 1656. For the table of Hevelius, examined as exhibiting the
maximum libration of the Mare Crisium [Sea of Crises] for the several
months of this present period [saeculi]. — 199



BOOK FOUR — On the Fixed Stars.

1.

On the observations of the ancients concerning the fixed [inerrant] stars,
and the manner of observing them. — p. 201

On stars in the same straight line or distance, as much in former times as
more recently observed. — 203

The declinations of the fixed stars, or their distances from the pole of the
world, observed down to Tycho's [Brahe's] time exclusively, with a critique
of them. — 203

The longitudes and latitudes of the fixed stars, selected, and from
observations down to the time of Claudius Ptolemy [Claudius Ptolemaeus]
exclusively, with a critique of them. — 206

The longitudes and latitudes of the fixed stars observed, arranged by date,
down to the time of Hesse [Hassiacas] and the Tychonic observations
exclusively. — p. 215

On the places of the fixed stars observed by Wilhelm, Landgrave of Hesse
[Vuilhelmus Lantgravius Hassiae], and by his astronomers. — 217

On the observations of Tycho Brahe, especially concerning the fixed stars,
and on their certainty, order, and the method of reforming them. — 218

On the great table of distances, by which the fixed stars are distant from
one another; its use and application. — 219

We recall to four classes the declinations of the Tychonic fixed stars. The
first of them is the one which Tycho — either alone, or Tycho of
Wandsbeck [Tycho Vranibvrgi], and Paul Hainzel [Paulus Hainzelius] near
Augsburg of Vindelicia [Augustam Vindelicorum], where the altitude of
Tycho's pole was 48° 22" — began to observe in the year 1572 (when it was
complete) and at the beginning of 1573. But these are exhibited in volume 1
of [Tycho's] Progymnasmata [Progymn.], pp. 361 and 369, where he also
has [them] for the other 4. As regards the Annual observations of the Pole
Star [Stella Polaris] distant from the pole. — 228

10.The right ascension of bright Aries [lucida Arietis], from Tycho down to the

year 1585, completed by exact weighing, is examined and emended. — 234

11.The Tychonic right ascensions of seven other fixed stars are corrected; and

what remains to be done concerning the rest is [stated]. And concerning
the omission of those whose right ascension the Tychonic observers ignore
or fail to decrease. — 236

12.0n the longitude and latitude of the Tychonic fixed stars, to be emended;

and likewise on their motion in longitude. — 238



13.0n the observations of the fixed stars after Tycho, down to ours,
exclusively. — 241

14.0n our own observations concerning the fixed stars, and first on the
altitude of the pole at Bologna [Bononia], most finely and most exactly
observed as the foundation of the declinations. — 244

15.0n the remaining instruments with which we have observed the fixed
stars, compared with the Tychonic [instruments]. — 246

Detailed Index of Books and Chapters (continued)
Book IV — On the Fixed Stars (continued)

16.0n the declinations of the fixed stars observed by us. — p. 248

17.0n the right ascension of 62 fixed stars, derived and reduced from

the observations of our more recent astronomers up to the end of the

year of Christ 1660. — 251

18.0n the longitude and latitude of the fixed stars by our observations.

— 254

19.0n the motion of the fixed stars in longitude, and on its magnitude

and uniformity. — 254

20.0n the sidereal year, and on the great cycle [apocatastasis, i.e.
complete return], or revolution of the fixed stars, and on their
position at the beginning of the world. — 259

21.(I) A table of the right ascension and declination of one hundred
fixed stars, computed for the complete years of Christ written out
below, together with their difference. — 260

Catalogue of the fixed stars with their longitude and latitude. — 265
BOOK FIVE — On Saturn.

1. Ancient observations of Saturn from the year 229 before Christ down

to the year 1461 of the same era. — p. 280



. Observations of Saturn made at Nuremberg by Bernard Walther
[Bernardus Vualtherus], a pupil of Johannes Regiomontanus
[Regiomontanus], from the year of Christ 1475 down to 1504. — 281

. Observations of Saturn by Copernicus, Pitatus [Pietro Pitati], and
Junctinus [Francesco Giuntini], from the year 1514 to 1563. — 282

. Tychonic observations of Saturn, in which the days are recorded in
the style of the old calendar. — 283

. Observations of Saturn by Jost Buirgi [[ustus Byrgius] drawn from the
Hesse-Cassel observations of Wilhelm, Landgrave of Hesse, as well as
those of Lansberg [Philippe van Lansberge], Hortensius [Martinus
Hortensius], Gassendi [Pierre Gassendi], and Bullialdus [Ismaél
Boulliau], from the year 1592 to 1640. — 284

. Observations of Saturn near the perigee of its eccentric, made for the
most part by Vincenzo Muto [D. Vincentius Mutus], an astronomer of
the greatest skill, recorded on days of the new style, all of them about
the ninth hour after noon, and most generously communicated to us
by letter, together with Saturn's place derived both from the
observation itself and from a fivefold calculation. — 285

. Two observations by Tycho, and four made by the Fathers of the
Society of Jesus at Aix [Oenipontum — but here read as the Jesuit
college], and twenty-two made by the Marquis Cornelio Malvasia
[Cornelius Malvasia] at Modena [Mutina]. — 285

. Select observations of Saturn from the many that the Fathers of the
Society of Jesus made at Bologna in the College of St. Lucy —
Giovanni Battista Riccioli [Riccioli] and Francesco Maria Grimaldi
[Grimaldi], with others of the same Society as assistants — where
there was need. — 287

. The various ways of observing the places of Saturn and of the other
minor planets are explained, so that the choice of observations and
the certainty of judgment may be established. — 289



10.0n the limits of certainty within which the places of Saturn could be
represented hitherto, or can be in the future, both through
observations and through the astronomical tables of those places,
and their disagreement. — 294

11.Select places of Saturn drawn from the foregoing observations, and
compared with the places computed by means of the more
celebrated tables. — 296

12.0n the hypothesis and theory of the motions of the five minor
planets, whether geometrical or arithmetical. —

BOOK SIX — On Jupiter.

1. Ancient observations of Jupiter from the year 241 before Christ down
to the year 807 of the same era. — p. 303

2. Observations of Jupiter made by Johannes Regiomontanus
[Regiomontanus] and Bernard Walther, from the year of Christ 1471
to 1504. — 304

3. Copernican observations of Jupiter from the year of Christ 1520 to

1530. — 305

4. Tychonic observations of Jupiter. — 305

5. Observations of Jupiter made at Hesse-Cassel by Jost Biirgi,

instrument-maker [organopoeus] to Wilhelm, Landgrave of Hesse,
selected from the Hesse-Cassel observations, together with the
Keplerian and Longomontanian observations. — 307

6. Observations of Jupiter made by Pierre Gassendi, Ismaél Boulliau,

Martinus Hortensius, Philippe van Lansberge, Johannes Hevelius
[Hevelius], and Vincenzo Muto, from the year of Christ 1620 to 1650.
— 307



7. An appendix of observations of Jupiter from the Tychonic
[observations] recently published at Vienna, from the press of David
Hautt, whence we have selected a few — may [the muse] Urania be
favorable to the author. — 309

8. Observations of Jupiter selected from those which the Fathers of the
Society of Jesus carried out at Bologna in the College of St. Lucy —
Giovanni Battista Riccioli and Francesco Maria Grimaldi, together
with others of the same Society as associates thereafter. — And
[there are] the 19 observations of the Marquis Cornelio Malvasia. —
310

9. On the choice of observations concerning Jupiter, and a specimen of
the calculation worked out from our tables. — 313

10.0n the arithmetical and geometrical hypothesis of the motions of
Jupiter. — 315

BOOK SEVEN — On Mars.

1. Ancient observations of Mars from the year 357 before Christ down
to the year 509 of the era of Christ. — 316

2. Observations of Mars from the little work of observations by
Johannes Regiomontanus. — 317

3. Observations of Mars made at Nuremberg by Bernard Walther from
the year 1475 to 1504 of the era of Christ. — 317

4. Copernican observations of Mars. — 319

5. Tychonic observations of Mars from the year of Christ 1580 down to
1601, noted on days of the old style, and [made] at Uraniborg
[Uraniburgum], unless added otherwise, [and] made at hours after
noon. — 319



6. Observations of Mars made by Jost Blirgi, Longomontanus, Kepler,
Fabricius [David Fabricius], and Gellius Sascerides [Gellius
Sascerides], from the year 1590 to 1613. — 321

7. Observations of Mars made by Pierre Gassendi, Martinus Hortensius,
Michele Fiorentino [Michael Florentinus], and Vincenzo Muto, from
the year 1621, and by the Fathers of the Society of Jesus at Ingolstadt
and Aix. — 322

8. Observations of Mars selected from the many [made] at Bologna in
the Colle-
(continued: Book VII, On Mars)

e ge of St. Lucy, drawn off by the Fathers of the Society of Jesus — Giovanni
Battista Riccioli and Francesco Maria Grimaldi — and at Modena by the
Marquis Cornelio Malvasia. — 324

9. On the comparison of the astronomical tables with the select
observations made concerning Mars. — 326

10.0n the arithmetical and geometrical hypothesis of the motions of
Mars. — 327

BOOK EIGHT — On Venus.

1. Ancient observations of Venus from the year 272 before Christ down
to the year 510 of the era of Christ. — p. 329

2. Observations of Venus made by Johannes Regiomontanus. — 330

3. Observations of Venus selected from the observations made by
Bernard Walther at Nuremberg. — 330

4. Observations of Venus by Copernicus. — 331

5. Tychonic observations from the year 1582 to 1601. — 331



6. Observations of Venus by Maestlin [Michael Maestlin], Kepler, and
Jost Biirgi, selected from those of Snell [Willebrord Snel] among the
Hesse-Cassel [observations]. — 333

7. Observations of Venus made by Pierre Gassendi, Father Andrea
Argoli [P. Andreas Argolus], and Vincenzo Muto, and by the Fathers
of the Society of Jesus at Ingolstadt and Aix. — 334

8. Observations of Venus selected from the many at Bologna in the
College of St. Lucy, carried through by the Fathers of the Society of
Jesus, Giovanni Battista Riccioli and Francesco Maria Grimaldi, and
at Modena by the Marquis Cornelio Malvasia. — 336

9. On the hypothesis of the motions of Venus. — 340
BOOK NINE — On Mercury.

1. Ancient observations from the year 265 before Christ down to the
year 867 of the era of Christ. — 342

2. Observations of Mercury made by Bernard Walther at Nuremberg.
—p. 344

3. Tychonic observations of Mercury. — 344

4. Observations of Mercury by Longomontanus, Kepler, Jost Blirgi,
Hortensius, and Boulliau, from the year 1592 to 1631. — 347

5. Observations of Mercury made by Pierre Gassendi, and by the
Fathers of the Society of Jesus at Ingolstadt and Aix. — 348

6. Observations of Mercury selected from those which the Fathers of
the Society of Jesus accomplished at Bologna in the College of St.
Lucy — Giovanni Battista Riccioli and Francesco Maria Grimaldi —
with their assistants. — 349

7. On the hypothesis of the motions of Mercury. — 351



BOOK TEN — In which are the Paralipomena [Supplementary
Matters] of the Observations.

. 1. On the ways of observing the apparent diameters of the fixed stars
and the planets. — p. 353
2. On the apparent diameter of Saturn. — 354
3. On the apparent diameter of Jupiter. — 355
4. On the apparent diameter of Mars. — 357
5. On the apparent diameter of Venus. — 357

6. On the apparent diameter of Mercury. — 358

7. A synopsis of opinions concerning the apparent diameters of the
minor planets. — 358

8. On the apparent diameter of the fixed stars. — 359

9. On the figure of Saturn, its bands, its companions, and their
situation, with respect to the equator or to the ecliptic. —

10.0n the figure of Jupiter, its bands, their parallelism to the ecliptic,
and the satellites. — 368

11.0n the figure of Mars. — 372
12.0n the figure of Venus. — 372
13.0n the figure of Mercury. — 373

14.0On the rotation of the planets about their own center. — p. 373



15.0n the distances of the planets from the Earth and from the Sun, and
where the [distances] of the fixed stars [are treated]. — 373

PROLEGOMENA TO THE REFORMED
ASTRONOMY

In which the System of the World is set forth, together with
the Hypotheses of the First and Second Movable [spheres]

And the Author's endeavors toward the advancement of Astronomy and
Cosmography; and finally certain Conclusions are laid down, by which what is
certain is distinguished from what has hitherto been uncertain.

How greatly Astronomy has advanced — even in our own age — once
observatories had been erected and the heavens scrutinized first with the
common eye and afterward with the telescope: how it has progressed, as though
crowned the queen of the natural sciences; and that this advance has consisted
chiefly in this, that it has brought to light, and illuminated thereby, very nearly
everything that mortals before had failed to perceive, or that lay hidden, or that
the deceptive light [of earlier knowledge] had revealed of itself only obscurely —
all this is, I judge, sufficiently established in part from the Preface to the Reader of
the first volume of our Almagestum Novum [New Almagest], and is to be made
known in part in the pages below. Nor, for that matter, can anyone be ignorant of
it, unless he be a stranger to those men by whose most celebrated labors the
knowledge of this field has come down to us — the works of the most learned
men, I mean: Copernicus, Tycho [Brahe], Longomontanus, Kepler, Lansberge,
Galileo, Magi-

ni [Giovanni Antonio Magini], Scheiner [Christoph Scheiner], Petavius [Denis
Pétau], Simon Marius [Simon Mayr], Claramonti [Scipione Chiaramonti], Snell
[Willebrord Snel], Stevin [Simon Stevin], Wendelin [Govaert Wendelen], Michael
Langren [Michael Florent van Langren], Hevelius, Gassendi, Boulliau, Herigone
[Pierre Hérigone], Morin [Jean-Baptiste Morin], Mersenne [Marin Mersenne],
Anton Maria de Rheita [Anton Maria Schyrleus of Rheita], Vincenzo Reinieri
[Vincenzo Renieri], Johannes Phocylides [Johannes Phocylides Holwarda],
Giovanni Battista Hodierna [Giovanni Battista Odiernal], Elia Leonibus [Elias a
Leonibus], and Maria Cunitia [Maria Cunitz], Vincenzo Muto, Eustachius [?],
Lineamannus [?], Huygens [Christiaan Huygens]; and very many others, whom —
lest I run on too long, and without doing them injury — I leave unnamed. Now



further, as to the bearing of this faculty [of astronomy] upon ours, and which
among these and other select [matters], by way of corrective theses, we suppose
in our hypotheses, and in the System of the World; and which things in
Astronomy we hold for certain, and which we still reckon uncertain — these, that
the reading may not be tiresome, we shall nevertheless set forth beforehand
briefly and distinctly.

ARTICULUS I.

On the Creation of the World, and the Six Days of the Divine Work,
insofar as the topic bears on establishing his System.

I have treated this matter at sufficient length in Book 9 of the New Almagest
[Almagestum Novum], section 1, chapter 2. From there one may consult the
opinions of the Fathers, the learned, and others; here I shall recall them only
briefly. I take it, then, as drawn especially from Sacred Scripture in Genesis, that
in the beginning of time, in one and the same instant, God created Heaven and
Earth — that is, the Heaven of Heavens, which is the Empyrean, and the Heaven
of the waters that lies above the Empyrean; this is indicated in the work of the
second day, where it is said: And let it divide the waters that were under the
firmament from those that were above the firmament. It is supposed, therefore,
that water existed on both sides before the firmament was created; and so the
word Earth is taken nowhere by Moses to mean a fixed dimension. [Margin: 1.
Diuisitque aquas quee erant sub firmamento, ab his quce erant supra firmamentum.
— Gen.]

Moses teaches that some Earth had been created on day one, and we must say
that it was created before day two; and so under the name Earth the Elemental
Water is also to be understood, or perhaps the whole Elemental sphere —
whether the Heaven of the Earth be of the same infinite species, whose elemental,
or rather of the same genus. Since, therefore, God in the first instant of time
created two things, the two extreme bounds of the World — Heaven, as the
highest covering, and Earth with Water, as the lowest foundation, as it were —
and no star at all, and consequently no planet, unless they were created on day
four (here Copernicus rightly notes, and against him is the Earth's being placed
by Moses in the center, and the assertion that Heaven and Sun are at the center)
— yet the Light which existed at that first instant, although it was not the prime
light, was nevertheless light. [Margin: From the order of creation against
Copernicus.]



That [light] shone above the abyss but a little later, having been created either by
successive propagation or by motion around the terraqueous globe, and so
produced the first equinoctial day; or perhaps in any case by an equal duration
nearest to that, and what afterward the Sun, by its daily motion under the Prime
Movable [Primum Mobile], effected — for that Light, in whatever hemisphere it
then was, illuminated that place which was either the first Earthly Paradise, or
the Palestine of the second Adam, was to be inhabited. And thus God divided the
light from the darkness; and so it is probable that for about 12 hours the whole
surface of the terraqueous globe enjoyed that light in succession, and through 12
[hours] lacked it, except for that particle of the first day in which the darkness
was carried over the whole surface of the abyss. [Margin: Whether the first day
was natural.]

It remains uncertain to us how that light arose at first from the eastern Horizon,
either toward the Meridian of Paradise or of Palestine; since by us this can be
understood in any manner whatever — and it was evening and it was morning —
taken in a figurative sense. The expression evening and morning is understood at
the beginning of time, properly speaking of the nights and intervals of time, and
of the day at noon: when there is some evening twilight before the future setting
of the Sun, or actually after [it] — at any rate after the Sun has set toward the
West, the morning twilight is reckoned in the Churches as Vespers; whereas the
morning [twilight] for us at our time precedes the rising of the Sun, either before
[the Sun] has actually begun to ascend toward the Horizon, or after the midday
[meridian], from which the Sun cannot ascend toward the Horizon. Finally,
neither could men afterward perceive the light, unless it depended necessarily
and essentially on the Sun, or as these things were created — unless these same
Stars, or even all the Stars, were perhaps independently of the Sun not only made
into a body by accident, but were also a body subject to it; if the Earth lies
between [it] and the terraqueous mass, the intervening Vacuum — or rather,
what body is intermediate — were either ethereal, or aqueous, or air, or were
thought essentially to depend on a subject for its sustaining, [and] would be
constant; so that from then, from the beginning, it could have shone with light
intermediate from Heaven and from the stars, and have been produced and
sustained by God alone.

[Margin: 2. On the work of the second day.] Thus Moses: God also said: Let there
be a firmament made in the midst of the waters, and let it divide the waters from
the waters. And God made a firmament, and divided the waters that were under the
firmament from those that were above the firmament. And it was so. And God
called the firmament Heaven; and the evening and morning were the second day.



The word firmament in Hebrew signifies something expanded and solid. Now if
we say that the whole space from the Earth to the highest Heaven was at first full
of homogeneous water; and that on the second day part of this water, left above
the Earth, was thinned out, and part rarefied into the ethereal air, and finally
part condensed into the crystalline Heaven, or vitreous — which is not at all
unlikely — then it begins to be evident from such vastness of water and so great a
condensation of the primigenial waters, that the rays multiplied by manifold
refraction were dispersed. Then, if there was one water continuous from Earth to
Heaven, it would properly be said that certain waters were beneath the
firmament, that is, in that very place where afterward the firmament was made,
[and] certain waters indeed beneath the firmament. But if we say that the prime
water lay between the waters that surround [the Earth], and that the celestial
waters created the aerial and ethereal Heaven, then on day two the Heaven was
inserted into the ethereal solidity; or to the hardness imparted, which from the
comets and planets is vague, that with many motions, and another, and a
common reception of opinion, the Parts being conformable, we choose: then,
since with all the other days something of a body was made from nothing —
namely, as to substance, on the first day Heaven, Water, and Earth; on the third,
all things; on the fourth[?], the Fishes; on the fifth, the flying things; on the sixth,
the four-footed beasts and Man — only day two was without production of any
new body, which would be exceedingly incongruous. [Margin: That the
firmament is the eighth sphere.]

But if we say that the whole of that space was at first vacuum, and the aerial
position remaining, the lower World not yet existing, [and] that there was a
continuous superior [body], and that Stellar matter was not yet produced; and on
the second day, either from nothing, or from the matter of both [waters], it
produced from itself an ethereal nature; and from that, the position interposed
[between] the divided waters from the waters, [and] the ethereal interposed truly
the substance of the firmament; or it would be called the Hebrew Rakia, that is,
Expanse [Expansum] — solid, we should say — both because that part, in which
they collected the Fixed Stars, properly solidified, was taken with hardness, both
because the remaining part — which the wandering Planet with its errings, and
some comets permeate — would nevertheless be future, and at any rate
immovable; nor as though they were transferred, should the Planets and comets
be reckoned; but as though firm, they compress the Fixed Stars, and the lower
ones permanent: these things I should hardly say, although they may seem to be
of doubtful opinion, but they will surely face all the difficulties against the prior
opinion adduced, and to whomever inquires what meanwhile interjects between
the prime [waters] above the higher, and the inferior waters, it will be answered



with Moses: [Margin: 3.] The Spirit of the Lord was borne over the waters, that is,
the spiritual substance of the Deity within, and above, was uniting the waters;
filling the immense vacuum, that water, and that immensity replenishing
imaginable things, and that above Heaven both within itself and infinitely
extended. To whom truly the nature of these opinions satisfies, it is not easy to
except this other thing, which is the literal sense of Sacred Genesis, and the
verisimilitude more consonant.

[Margin: 3.] As to the work of day three, there is no great difficulty. For what is
said: Let the waters that are under the heaven be gathered together into one place:
and let the dry land appear. And it was so. And God called the dry land, Earth; and
the gathering together of the waters, he called Seas — this is most truly
expounded, either that before, on the first day, part of the terrestrial surface rose
into mountains; or that on day three the surface of the Earth was disturbed in
many ways, and the dry land appeared; whether they assert that the Earth's
bowels were excavated, or whether the mountains were cast forth, and the hills,
and within the bowels the Seas likewise dug out; a good part of the water hidden
away, [and] of the rivers the springs, and the fluxes, refluxes, the Sea, or with
whirlpools the vortices varying. Yet not by motion alone, [nor] by the local work
of that day, would you think it accomplished, [for] God adds: Let the Earth bring
forth the green herb, etc.; and so all plants, and the fruit-bearing trees, without
seed already given, were produced, concurring

[Top of p. 23, left column — continuation:]

— nevertheless the Earth, through the seminal power infused into it by God,
signifies such a concurrence by those very words: Let the Earth bring forth,
whence it could appear that the generation of plants does not depend on
necessity of essence, and that it is fated by the Stars, [and] not yet produced.
[Margin: 4. On the work of the fourth day.]

Furthermore, on the fourth day God did not say: Let the Heaven produce, or let the
firmament bring forth the Stars, as he had said of the Earth: Let the Earth bring
forth; and afterward he said of the waters: Let the waters bring forth the creeping
creature, etc.; but he said: Let there be made Lights in the firmament of Heaven;
doubtless because these depend wholly on his own concurrence and divine
pleasure, [and] lest he again give occasion to the opinion that the divinity of those
[bodies], or a fatal power, [exists] in these lower things; unless we except the
Light, which on the preceding days he had made through a tube[?]; for if the body
of the Sun had been created, the dispersion was in the Sun, or the Stars, [from]
the accidents of bodies communicated to the Sun by its own destruction, [and]



given to be destroyed; that the virtues were produced both to the Sun and to the
Fixed Stars for propagating light. By whichever of these manners God may have
used [it], it is certain that it would be against this sacred text to assert that some
Star or some Light was produced from the Planets, and consequently from the
Earth, made by God on the fourth day; and proportionally [against the text] that
the Earth is one of the Planets. Nor would it be said that the Earth had not the
name of Star, because there was not yet a Sun, [and] it could not receive light
from it, [and] perform the office of luminary, [Margin: 5.] especially the waters
being covered, because the essence of a Planet does not consist in actual
illumination; otherwise, when the Moon at New Moon, or in a total Eclipse, does
not illuminate the Earth, it would meanwhile cease to be a Planet, and could lose
the substance of being prime — either on the first or the second day produced
under the name of Heaven, but it would not have been a Star, before it took on
the power of receiving illumination, which is contrary to what Moses asserts. And
he set them in the firmament of Heaven, etc.: the words Let there be made, and And
he set, signify together a new production, and likewise the office of illuminating
perfected. Then the Earth, although covered with waters, was able to reflect light
from the prime [light] as from a great mirror, and much more on day three the
dry land appeared, and so had the name of Star.

But lest you say there could be no Star which did not illuminate, nor a Planet,
since before the fourth day it was not moved about the annual orbit — for a
Planet is so called from its erring, [and] is not a Planet, and consequently if the
Earth alone with a vertiginous motion turned about its own axis, [Margin: From
the order of creation against Copernicus.] insofar as the Moon near New Moon
illuminates [it], reflecting toward it the rays of the Sun: but the Earth
nevertheless was not [a Planet]. But I gather from this that the Earth, illuminated
on the fourth day by the Sun, [and] adapted; and to illuminate the Moon, and to
be carried about the annual orbit, ought to be called a Luminary, and indeed a
lesser one — although the Moon is lesser than the Sun, both in mass and in the
power of illuminating the Moon, from its greater surface reflecting more rays
than the Moon, and so God made the three luminaries of the two great
Luminaries. Lastly, it remains that you may say, although the Earth is so moved
about the Sun, [and] is moved nevertheless even with respect to the Moon, and
this in turn illuminating [it] on fixed days — yet it would not therefore deserve
the name of Luminary; because God ordained it especially to illuminate the
Earth, as being for the use of Men, beasts, [and] the plants of the field, and for
distinguishing the day from the night, and the months, and the years, for the uses
of men: as is clear from Sacred Genesis, saying: Let there be Lights made in the
firmament of Heaven, and let them divide the day and the night, and let them be for



signs, and for seasons, and for days and years, and let them shine in Heaven, and
give light upon the Earth; with which agree those words of Deuteronomy 4: Lest
perhaps lifting up thy eyes to Heaven, thou see the Sun and the Moon, and all the
stars of Heaven, and being deceived by error thou adore and serve them, which the
Lord thy God created for the service of all the nations, that are under Heaven. 1
grant freely, and I concede for this reason, that the Earth is not numbered among
the Luminaries; yet in the Copernican hypothesis the Earth is a Planet, and an
erratic Star, and is placed with its atmosphere in the Planetary Heaven, [and] is
more remote from the center of the World than Mercury, Venus, and Mars at
perigee, and at acronychal [position]; and so it would truly be said to be situated
in a higher Heaven, [and] a part of the Planetary Heaven — if not on the first day,
at least on the fourth day in the firmament of Heaven, when from
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— the two Luminaries, and the Stars, Sacred Genesis speaks: and he set them in
the firmament of Heaven, that they might shine over the earth, and rule the day and
the night, and divide the light and the darkness. The Earth, however, in the
Copernican hypothesis, could be said to be under Heaven in a different respect,
and in Heaven; here [it is] taken in a diverse relation [as] reckoned [among] the
other Planets, which are under a Heaven more remote from the center of the
Earth; and the Planets, and the Fixed [Stars] themselves are under Heaven in the
supreme respect; but Scripturally, this is to inhere in the proper sense of Sacred
Scripture; it cannot be sustained that the Earth is in Heaven, and much less that it
is greater, and higher in Heaven, than the Stars Mercury, Venus, and Mars; but
absolutely it must be said that the Earth is under Heaven, and the Stars all in
Heaven, [for] truly it cannot be said unless [the Earth] has peculiarities of its own,
[and] the place of the Earth is given, [and] not given of Heaven — namely, the
center of the World. Moreover, although it is very incongruous, [Margin: 5.] that
since the Stars all were created [to be] under the [direction] of all the nations,
[those bodies] which are under Heaven, [and] those very nations with the Earth
circulate about their own emendations toward themselves [and] from light, and
influence; but they are subordinate ministers, and especially of the Sun, about a
quiet Earth, and immovable, [and] ought to be moved, and to perform their
service — which God enjoined upon them. [Margin: That the Sun is in the center
of the Planetary [Heaven].]

[Margin: 5.] As to the rest of the work of day five and day six, and of constituting
our System, they need no disquisition, [and] which are diversely said in
proportion to what was said hitherto; we suppose, as Sacred Genesis says, no



violence at all, or improbability beside the sound of the letters, [and] is intended;
[and] by no necessity is it intervening, [and] is otherwise to be understood; that
the Earth, or the terraqueous globe, is in the center of the World, without annual
motion, but excluding especially the annual [motion]; above the Elemental sphere
indeed, [but] to be the Heaven of the Planetary [region], or rather, somewhat
permeable indeed by the Planets, but not by it [made] immovable, [and] not firm,
although nothing of its whole, or some part, circumlocuted; and on this account it
merits the name of Firmament, [and] the Fixed Stars under the firmament be
probable to be solid, [and] impermeable; therefore the Fixed [Stars] themselves
perpetually keep the figure of the stars; that at a distance among themselves [they
are] continuous, but it is easier [that they] be moved with the motion of their own
sphere [than] all be moved; whether that be the Aqueous Heaven created on the
first day, and afterward consolidated, [or] from the ether [made] distinct. But if
some new Stars [should] be seen, [and] not begotten in the Planetary Heaven
[but] descended below Saturn, [Margin: New Stars.] [they] are circumscribed, so
that they may evade [our] sight, [when] from their own particularities in the
firmament of the Fixed [Stars] they do not appear, [and] one reckons that thence,
[and] something miraculous made [by] divine virtue penetrating the solidity of
the firmament of the Sphere. Furthermore, what is to be expounded, and what is
presupposed about [the] bodies, [is that] the Prime Movable, by whose motion is
accomplished the daily revolution of all the Stars [in] 24 hours, or thereabouts, or
at least the apparent [revolution] of this same motion is preserved.

ARTICULUS II.

On the Prime Movable.

The ancient Astronomers, except certain Pythagoreans, in order to reconcile the
apparent motions of all the heavenly bodies, [held that they go] from East to
West, and gradually back again through Rising and Setting, with an apparent
proper motion, by which the Stars likewise all are conceived to be carried, [and]
above the Fixed Sphere, [there is] one above the others imagined, which carried
away the Fixed [Stars'] Sphere; the rest, [being] contiguous to it themselves, and
solid, from East to West would be moved into contrary parts; this very thing —
what was said before [as] distinct — could be carried, [and that] the lower sphere
could be carried toward the West, [and] yet not allow itself to be carried away;
the resistance, however, of the Prime Movable being opposed, [it would] not so
quickly revolve to the same Meridian as it quickly reached it
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— if nothing whatever resisted. Just as a Fish [carried] downward by the
headlong rushing torrent, or [a swimmer] born by the wind, if nothing resisted
the impulse, is carried downward by a greater space than if it resisted. [Margin:
2.]

Nicetas of Syracuse, indeed, Heraclides, and Ecphantus the Pythagorean, and
Seleucus; and afterward Gilbert [William Gilbert], Origanus [David Origanus],
Wendelen [Govaert Wendelen], Argolus [Andrea Argoli], and William Langren
[Michael Florent van Langren] held the Earth to turn with a vertiginous motion
about its center in 24 hours from West to East; and so [they held] it to come
about, and that, by going to meet [them], the Fixed Stars and immovable Planets,
with a gentle going, would [seem to] be moved by a daily motion. Either because
they thought the swiftness of the daily motion incredible in a Sphere so vast; or
because they judged it inept and unfit for a Planetary Heaven to assume the daily
and uniform motions for itself: but Philolaus, Aristarchus of Samos, Nicolaus
Cardinal Cusanus [Nicholas of Cusa], Copernicus, Rheticus, Maestlin [Michael
Maestlin], Kepler, Galileo, Lansberge [both, the elder and younger], Boulliau,
Hérigone, Valentin Naibod [Valentine Naboth], Caelius Calcagninus [Celio
Calcagnini], Diego de Zufiiga [Didacus a Zuniga], Paolo Antonio Foscarini [Paulus
Antonius Foscarinus], Baranzanus [Baranzano], Giordano Bruno [Iordanus
Brunus], Renatus de Chartes [René Descartes], Johannes Hevelius [Hevelius],
William Schickard [Wilhelmus Schickardus], Marcus Hortensius [Martinus
Hortensius], Christopher Wittich [Christophorus Wittichius], Daniel Lipstorp
[Daniel Lipstorpius], Thomas Campanella, Christiaan Huygens [Huygens], and not
a few others, besides the daily vertiginous [motion], assumed for the Earth a
translation [motion] also about the Annual Orbit. [Margin: Copernicus.] But
Copernicus, near in time, adds [that] the third [motion], [namely] that of
libration, in the Earth, beside [the] said motions, [as] a third motion, by which the
axis itself parallel librates, so that this very [axis] from the Equinoctial points
may be seen [to move] into preceding [signs] toward the West, [and] from them
the Fixed [Stars] to recede toward the East; and so the Fixed [Stars] from their
position [seem] to recede, and at the same time to change their declinations; nor
do they remain in the same [position] with the other Planets in longitude, [than]
[they have] proper motion toward the East. By which fact, either falsely, [or]
feignedly, [it is] freer, and adapts the more troublesome [phenomena] to be
explained; [Margin: Praise of the Copernican hypothesis.] [and] the solid Sphere
of the Fixed [Stars] being adapted to the liquid ether [for] the daily motion of the
Planets, [and] the proper [motion] of the very motion [is] explained; the beauty
and elegance of the novelty has so excited [them], [that it] has allured [them] into
love of itself.



But we, to whom not only by the decree of the Sacred Congregation, [Margin:
Almagestum Novum Book 9, section 4, chapter 40.] which I reported in New
Almagest [Almagestum Novum] book 9, section 4, chapter 40, [the matter] is to be
complied with, but also by physico-mathematical evidence from the percussion of
falling heavy bodies, [it] is decided with the greater [evidence], by how much
from a higher place they fall; and indeed [by] the proportional acceleration of the
descending [bodies], we believe this acceleration [to be] real, and per the line [of
fall] unique [and] perpendicular to be translated; just as in the Copernican
hypothesis the acceleration cannot be real, or in any way proportional to the
precise fall, although it be in this Hypothesis, [Margin: Book 9, section 4, chapter
19, and chapter 21, here.] inasmuch as the motion of the Earth, as is plain from
what was said in the same Book 9, section 4, chapter 19, and is to be said here in
book 1, [Margin: De Sole chapter 17 and its Appendix.] On the Sun chapter 17 and
its Appendix. We, I say, are necessarily compelled to explain the daily motion of
all the Stars by the Reason of the Stars, and that they may be seen to be moved by
proper motion, [and] slowly toward the East, but to be moved continuously [for]
24 hours, or a little after [it] revolves to the same Meridian. This we shall explain
perspicuously and most easily in the matter of the Planets first.

[Margin: 4.] Let there be the Meridian of all the first [bodies], the most celebrated,
[though] not Geographically nor by Fortunate [Isles], or by the Azores, transiting,
but through the vertex meditatively of the terrestrial Paradise, or of Jerusalem;
and we assume the daily revolution of the Fixed [Stars] for the same Meridian,
[Margin: from the example of the Prime Movable.] meanwhile from the Prime
Movable['s] exemplar, [the matter is] dissimilar only [in] so much in [the] return
[in the] apparent motion toward the East, which is somewhat after 365 days; the
Second [motion] is found to be 50”; and so [Margin: ] [it is] observed [that] the
center of the Moon in the same prime Meridian in which the Fixed Star is, [as]
Spica, [is] Spica; the recession from this Meridian would be moved, [and] not so
quickly [along] the same circle [is the] motion, [as] a thread [in the] thread sense,
or without sense the declinations from the plane of the same circle, as its
Declination postulates, or Latitude, [and] is moved; or in what moment Spica
returns to the first Meridian, the center of the Moon, [carried] by a slower
motion, [has been] borne about.
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— in the Equator, or in [a] parallel [to the] Equator, [it] is distant from the prime
Meridian toward the East by 12 or 13 degrees, [and] does it appear by daily
motion translated toward the West? as meanwhile it would seem to have



remained Easterly — as [in the case of] Spica, and so it would not be moved at all;
[it] would have been Easterly by 12 or 13 [degrees], which [it is] necessary to
absolve before it reaches the prime Meridian, so indeed: and yet there are not
two motions in [the] thing diverse, nor [are they] contrary to each other, but only
one simple spiral motion, [namely] toward the West along the Longitude; and so,
the Moon's center always persists more Easterly, but much slower in motion than
Spica, so that, if daily the Moon's center persists in the Equator, or in the same
parallel [as] Spica, [then] before Spica absolves 360 [degrees], [the Moon] is now
after days 13 [in the] future, [being] in the supreme prime Meridian, [and] after
30 days [the] day Spica [is] in the same [position] with the Moon's center in the
same prime Meridian. As to what I said of the Moon, [Margin: ] [the same] is to be
understood of all the other Planets, [but] with a double difference. The first is that
the Sun is always somewhat slower in its return to the same prime Meridian than
Spica, to which it is once joined, but much swifter than the Moon, so that, where
the Moon reaches that [point], the Sun [in] one alone [day], about [some] degrees
more in completing toward the West, [and] when [it] reaches the prime Meridian,
[it] is then or nearly so after days 365 — but in the same [position] [it is] future
from the same moment in the prime Meridian. By contrast the [other] Planet,
[Margin: ] when [it is] slower than Spica, in [its] spiral motion [it is] so much the
slower, by how much more nearly its proper motion [is] toward the East. The
second difference is that the Moon, and the Sun, in [their] spiral motion toward
the West, [are] always slower than Spica, or any Fixed [Star]. But the rest of the
Planets [are] for the most part indeed slower than the Fixed [Stars], [but]
sometimes equally swift, and then they are called Stationary, because nothing
[more] Easterly do they appear at night, [than] yesterday night, and so at the
same time the Fixed [Stars] revolve to the same Meridian. When, however, they
are slower, [Margin: ] they are seen [to be] Direct, [in] the supposed motion [as]
not appearing toward the East; and yet truly, the unique spiral motion being
supposed toward the West, [it is] rather to be said to go backward [retrograde], or
[to be] more slowly Direct; and on the contrary, when they reach [the point] more
swiftly than the Fixed [Star], [as] Spica, and reaching that [point], they themselves
are in fact more Westerly, [and] are seen indeed [as] Retrograde; [and] are called
Retrograde [when] with a slower [motion], or Acyronical [Margin: ] [Ocygradi], to
be said.

[Margin: 5.] Furthermore, the Westward Motion of the Fixed [Stars], if another
motion appear in these motions, [than] the motion of declinations per Libration,
[it] would itself be the motion of the Prime Movable, and the measure of all
motions [is] reckoned [in] the Equator, [or] its Parallels [as it] appears. But from
the more subtle observation, indeed, [and] truly of Hipparchus, the Astronomers



detected the points of the Equator, to which the Sun comes [as it] makes the
Equinoxes; [it would] vary [the] points day by day, in the preceding [signs] from
that Fixed Star, which had been in them, or near it; and so they deduced the
Fixed [Stars] to become more, and more Easterly, as though the Fixed [Stars]
themselves were moving toward the East; but Copernicus, who indulges no
proper motion to the Fixed [Stars], attributes this apparent precession of the
Equinoxes [to be] made from the motion of the Earth annually, [Margin: ] cum
libration, and most parallel [to the] axis of the Equator within itself. To us,
however, who assert the Fixed [Stars] to be moved toward the West daily, [it] is
incumbent to explain the cause [why] they continuously appear to tend [in a]
very slow motion toward the East, but obliquely, [Margin: ] and [for] what reason
the Prime Movable [does this], whose Type they imitate in [their] motion from
Rising and Setting; for which we propose more modes, but not equally probable,
[so] that we may choose the more probable ones.

[Margin: 6.] The first and most ancient [mode] is, if above the Sphere of the Fixed
[Stars] there be another Sphere, say the Crystalline Heaven, which above the
Equator['s] poles [the] Equinoxes would be moved at the same Meridian [in] 24
hours, [and the] intermediate [Heaven] [carry] with itself the Sphere of the Fixed
[Stars]; [and] its poles, from the Equator['s] poles distant [by] 23° 30" 20", but [in]
the Sphere of the Fixed [Stars] above the poles of the Ecliptic [it would] be moved
insensibly contrary to [the motion] [in] the prime [Heaven]; [for] if there be two
bodies discrete and distinct, it is not repugnant that there be two motions
between them. But if you would not [have] the whole Sphere carry away the
[lower]
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the inferior [sphere], it suffices that its girdle [cingulum] — from the highest
periphery down to that point — be carried along in the plane of the equator.

The second mode is this: if the sphere of the Fixed Stars is not solid, or is solid
but penetrable, and any given Fixed Star is permitted its own motion toward the
west, then in the manner I described under number 4 concerning the Sun, the
variety of declination proper to each star is preserved.

The third mode is this: if the sphere of the Fixed Stars moves about the
equatorial poles over a span of 24 hours, while at the same time each star is
permitted its own slow increment toward the equatorial poles, and the
decrement of their declinations, so that the Sun nearly comes to a halt at the
point through which the equator passes — moving neither too fast nor too slowly,



but rather a little ahead — or rather is carried somewhat toward the west, by as
much as the half-yearly proper motion of the Fixed Stars amounts to, which to me
appears to be most nearly 25” 20”. For in this way the precession of the
equinoctial points would occur toward the west, so that the Fixed Stars would be
such as they were once supposed to have been in the Colure of the Equinoxes,
when annually they would have moved more toward the east by 50" 40”. One
must be wary, however, lest this motion be of such a kind as Josephus Scaliger
[Joseph Justus Scaliger] imagined for himself, who held that the Fixed Stars retain
their distances unchanged from the poles of the world.

The fourth mode is this: if one admits that the sphere of the Fixed Stars moves
about the imaginary poles of the equator, just as about the poles of the ecliptic —
that is, by two Intelligences, or by a single one, with insensible intervals
intervening, in such a way that on the one hand we make our measurement as I
said, and on the other hand it escapes the senses on account of its smallness —
namely, in one third of an hour the motion toward the west would be 30". The
motion of the equator, and on the other hand the third-of-an-hour motion, would
cease; and the sphere of the Fixed Stars, [moving] about the poles of the ecliptic,
would in fact move toward the east through 7” 43” 20". For in this way it would
come about that this whole motion about the equatorial poles would be absolute.
Secondly, since the motion is toward the east, it would be most nearly 8" 40", and
there would be no danger that it would be either too slow or too fast, since the
motion toward the east of the equator would be perceptible to the senses.

The fifth mode, finally, is this: if one, or several, Intelligences move the sphere of
the Fixed Stars toward the west, so that any given Fixed Star arrives at the
meridian, at which I said it arrives, as much later as is the diurnal motion of the
Fixed Stars apparent toward the east — which is 8” and most nearly 40" — and at
the same time the Fixed Star is so caused to decline from the equator of the
world, just as it appears in fact to decline. For if these things can be brought
about by some Intelligences, why could they not by the Earth itself — the diurnal,
annual, and librational motions devised by Copernicus, which represent to the
senses these three motions of the Fixed Stars apparent in the heavens, and which
machines [machinis] human ingenuity has contrived? Indeed, if we could move
the globe of the Plows [the constellations] about a point, or move a globe set as
stable in the midst of its [surroundings], while the globe of the Plows, fixed to no
body, sustained itself in the poles, and were as it were freely suspended in the air
— we could indeed move it elsewhere, so that we might represent to the senses
those motions of the stars. Among these five aforementioned modes, the fourth



and fifth seem to me the more probable, and more fitting for the Intelligences
that move the Fixed Stars.

ARTICULUS III.

On the Hypothesis of the Planets, as regards the Figure of their
Motion in general.

It has long been known that the ancient Astronomers, both up to Kepler
[Johannes Kepler] and afterward, were accustomed to explain the motions of the
planets and their anomalies, together with their prosthaphaereses
[prosthaphaereses], by means of Eccentrics, or by little circles [circellos] of
Epicycles, or by librating little circles [circellos libratorios] — yet not without
errors; and although some of these errors may have been so enormous that the
device could not be reconciled with the celestial observations, it could not be
refuted by faulty observations, as in the case of Mars, [continued opposite
column]
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where sometimes it erred by 4 degrees, and in Mercury by 7. So it was, until Io.
Keplerus [Johannes Kepler], having a hidden suspicion, came to suspect that the
Eccentricity of the planets ought to be bisected — that the center of the orbit of
the planets is not the center of equal motion [centrum aequalium motuum], but
something else, and that the just provenance of the equations [aequationum] was
nonetheless to be brought forth from a bisected Eccentricity; that is, if in a line
stretched between the centers — the center of equal motion being on one side,
and the Earth on the Sun the other, in such a way that one [point] is the Earth in
the Sun [Tellus in Sole], and that the other point should be placed as far from that
one center as the increment of the half of the Eccentricity is, with respect to the
center of equal motion. From this he saw it to follow that the whole inequality
which appears in the motion of the planet would appear merely from an optical
cause [causa Optica], because it would not be in the center of the planet's orbit —
for if it were, we should see half of the inequality, and accordingly even half of
the inequality of the planet considered from the center of its orbit, would be
Physical [Physicam]; and such an inequality must be acknowledged. But since
those two points are equally distant from the center, the most proper figure of the
Ellipse [Ellipseos] is the most fitting rather than that of the Circle; for if in an
Ellipse two foci [foci] are given — equally distant, indeed, between the center of
the planet and the planet not being in the circumference, but in the Ellipse; and
this [is] evidently apparent in Mercury, in Mars, in the Moon, more than in the



others — and in this, though a smaller diameter [diameter], yet conjugate, the
figure is a little less than the major diameter, and therefore the Ellipse is by no
means so perceptibly removed from the roundness of a Circle.

But Keplerus [Kepler], being wholly intent on assembling the Physical causes of
the motions, and the magnetic attractions, with other ingenious figments
[figmentis], yet not at all necessary, nor congruent — did not demonstrate with
Geometric rigor the manner of describing the Ellipse, and the [way it is] fitting for
each planet, and of the Prosthaphaereses thence exactly to be deduced.

The Ellipse-hypothesis was conceived by Kepler [Johannes Kepler], with not a few
Astronomers following him; but chief among them Ismaél Bullialdus [Ismaél
Boulliau] in his most learned Astronomia Philolaica (Books 1 and 11); Petrus
Herigonius [Pierre Hérigone] in tome 6 of his Cursus Mathematicus, page 140;
Caluerus [Caluerus] in his Uranometria, part 2, chap. 4; Sethus Vuardus [Seth
Ward] in his Idea Trigonometriae demonstrata, in which he subjects to scrutiny
the inquiry into Bullialdus's [Boulliau's] Astronomical Foundations, and detects
certain errors in his use of the Ellipse — by what means I do not know they were
purged — provided that this same hand could not arrive at this work; for he
edited this [work], [in which] both the Intervals [are] arranged in the Ellipse
indeed, but the Eccentricities exactly [are arranged according to] the manner in
the Ellipse, but [it is the] manner that he teaches; whom afterward he taught in a
little book published on this matter, dedicated to 4 Astronomers, namely
Bullialdus [Boulliau] himself, Gottendus [Gassendi], Hevelius [Johannes Hevelius],
and myself. Comas Paganus [Blaise de Pagan; "Comas" prob. Comes, "Count"] also
excellently worked out this method through the Ellipse, just as did Io. Dominicus
Cassinus [Giovanni Domenico Cassini]. But Dominicus Vincentius Mutus
[Vincentius Mutus] judges that the Equations of the Center [Aequationes Centri],
or of the First Inequality, can be better deduced through Librations, as he
indicated to me lately in a Letter. But meanwhile most [astronomers] suppose
that the motion of the planet [is] Copernican, and therefore think that the motion
of the planet [runs] simply toward the east, and they, by simplicity and
outstanding lovableness, esteem [it]; but Bullialdus [Boulliau] in his Book 1
resolves this motion into several circles.

And indeed, with the immobility of the Earth demonstrated by us, and the fluidity
of the Planetary Heaven all but demonstrated, and accordingly the motion of
rapture [motu raptus] rejected, by which the Planets would be snatched up
[rapiantur] by the supreme Movable, and attributed to each, and each Planet by
its own diurnal motion toward the west — as we said under Articulus II, number



4 — we cannot, and we ought not, [follow] the way by which the Planet is really
moved, but [we follow] one simple figure, in such a way that we describe it [as]
one [figure]; but we set forth to consider that [it is] not one continuous line, but a
spiral [line] about the Cone [circa Conum], proper to each Planet. Nor do we
Physically ascribe half of the apparent inequality to the planet's own motion, as
the more recent Astronomy at length acknowledged, but we suppose it absolutely
to be moved unequally, yet with an inequality that is regular [regulabili]. But
because GOD willed to accommodate these motions to our grasp, or [because] the
planet had a single figure in a Plane, we are able more easily to investigate that
motion, which is in fact along a spiral line; we are by no means so easily able to
comprehend [it]; therefore it is as if the motion were made in that figure about a
circle around a Cone, which He ordained, so that in its surface it could be
designated by a...
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from us — an Elliptical periphery, approaching nearer indeed to a circle in the
Sun, in Venus, in Jupiter, and in Saturn, but receding more from a circle in the
remaining Planets. And so in this we differ from the more recent Astronomers,
because we employ the Planet [moving] in a circle, under the mere Hypothesis,
for the sake of entering into the calculation; but they suppose it real, [the Planet
moving] in a continuous figure toward the east, while in fact it is moved toward
the west — nor [is it] either in expressing the spiral [line] itself in this motion, [a
thing] I would reject, [or] in fearing lest we shake loose the foundations of Kepler
[Johannes Kepler], which his own discoveries had been undermining — with that
whole machinery [machina] he attempted to drive [them] away.

ARTICULUS IV.

On the Distances and Intervals of the Planets, for the completion of
the System of the World.

The distance of the Planets — whether from the Sun, or from the Earth —is
customarily expressed in two kinds of measure: one in such parts as the
semidiameter of the Annual Orb of the Sun [semidiameter Orbis Annui Solis], or
of the Earth, may have been a single unit, namely 100000, or 10000000; the other
in semidiameters of the Earth. As regards the first kind, the distance of the
Planets from the Sun, and from the Earth, are quite close to the truth, [being] now
repeated after Copernicus, if we may speak of the five lesser planets, which are
moved about the Sun; for the intervals of this kind are gathered from the
Anomaly, the Eccentricity, and the Equations; and accordingly these elements are



as certain as those intervals are certain, which have a necessary connection with
them. By contrast, however, the interval of the Fixed Stars from the Earth is most
uncertain, whatever measure of the two you wish — whether finite or infinite.
Hence it comes about that the distance of the Sun, as regards the semidiameters
of the Earth, has hitherto been divided in opinion, [whether] it be finite or
infinite. As to the distance of the Moon, both as regards the semidiameter of the
Earth, it is divided in opinion; for the distance of the Moon from the Earth, and
from the Sun, does not seem able to be certainly grasped in the first kind, nor [the
distance] from the Sun, as regards the second [kind]; let the distance of the Moon
from the Earth be [granted], as regards the second [kind], as the semidiameters
[are reckoned], it is commonly thought through the parallaxes themselves [to be]
very perceptible, and large. But it is itself called back into doubt, doubting lest
perchance through the Refraction of our Air it suppose the parallax much greater
than is true, on account of the altitude of the observations; and accordingly the
Moon, [observed] within the neighboring Earth, has hitherto been thought
certain by Astronomers. And because we have a need concerning the distance of
the Moon, as for the inquiry into the distance of the Sun, and of the distance of
the remaining Planets, [these matters] to be begun from the Moon, we think we
have to vindicate; we note Astronomy [neglected] in this scruple, because it has
been done by no one.

[column 1, lower section, printed p. VI]

On the Distance of the Moon.

Therefore in Book 10 of the Almagestum Novum, section 5, [I have set out] the
doctrine of Parallaxes, their Theorems, [and] the Problems, partly [drawn] from
others, partly here more fully treated, and chapter 11, problem 72, [showing] just
how great a Parallax [there is] in any given individual case; but I was able [to
deduce it] not [from] the more recent Astronomers, but compared [it] with the
equal Refraction; and I concluded that, although such a Refraction of the Moon,
[whether] from the Aether, or from the purest Air, [be] in a denser Air, the
Refraction [arising] from Water in Glass [Refractio ex Aqua in Vitrum] is so great;
at an equal distance of the Moon from the vertex — say at a distance of 10
[degrees] from the vertex — it is not [a matter of] three [parts of] the diameter
[tribus diametris], the Refraction is most nearly 30" [the 30" being the water-into-
glass analogy refraction, not the Moon's own horizontal refraction]. Where Tycho
[Tycho Brahe], at such a distance of the Moon from the vertex, observed no
perceptible Refraction. [continued opposite column]

[column 2, printed p. VI]



[he] noted; the data there [supposing] so great a Refraction compensating the
parallax; and so, with so great a parallax, [there] would be a distance of the Moon
from the Earth [of] 20 [semidiameters]. Now it is certain in that distance, that, [as
reckoned] from semidiameters of the Earth, the Parallax is smaller from the
vertex, and the Refraction; hence, by as much as the Refraction from the Aether
into the Air is smaller, than [that] from Water into Glass, there is therefore
certainly so great a distance of the Moon from the Earth, much greater [than] 20.
And by how much smaller [the parallax] from the diverse densities between the
Aether, and the Air, [the distance] would be greater, when in turn the parallax
could be augmented; and the smaller the parallax, by so much the more would
there be augmentation of the Parallax, derivable from a hidden Refraction, and a
parallax compensating the defect. And just as the Refraction of 30” from water
into glass, [as] observed by Vitellio [Witelo], may be compared to the Refraction
[that] no [observation] by Tycho [Tycho Brahe] [shows], the proportion is null, so
there is no sensible augmentation, because on account of a hidden Refraction a
triple Parallax could be deduced by the customary modes. It is worthwhile,
however, to see the Capita [chapters] of that whole [Section], Problems 73 and 74,
and also chapter 12 of that same Section. With this scruple about Refractions
removed, therefore, it is established from observations of the Altitude of the
Moon, and that the Moon truly is distant from the center of the Earth in syzygies
[in Syzygiis] never [more than]: I taught [it] in Book 4 of the Almagestum Novum,
chapter 15. But what I said there, and afterward corrected here in this Volume,
Book 3: the distance of the Moon at conjunctions [in Copulis] is minimally 58" 21",
and maximally 63’ 40" — [reckoned in] semidiameters of the Earth, from our
[observations] indeed, [and] from observations.

[column 2, lower, printed p. VI]
On the Distance of the Sun from the Earth.

By how much greater effort and industry — [more] than [that of] any of the
Astronomers — We, together with Father Grimaldi [Francesco Maria Grimaldi],
investigated the distance of the Sun from the Earth, not by the most fallacious
method of Lunar Eclipses, but by the Dichotomy of the Moon [per Dichotomias
Lunares], indicated by Aristarchus, praised by Kepler [Johannes Kepler], and first
cut into [examined] by us through the [method] of Vuendelinus [Vendelinus /
Govaert Wendelen] in this method by conspiration; then through the new
[method], through the Parallaxes of the Sun [Solis Parallaxes] from the
Refractions investigated, [and] at length the Physical causes of the Eccentricity of
the Sun in a new Theory grasped; it will be established to the Reader, by what we



taught [in] Book 3 of the Almagestum Novum, chapters 7 and 8, and in the
Appendix to chapter 7, which is had at the end of Tome 1 of that same Almagest,
namely folio 731; and which [is] in this Volume, Book 13, chapters 13, 14, and 17;
we shall teach how greatly the medulla [marrow / kernel] of the preconceived
opinions of certain Astronomers may have prejudged [the matter], [opinions]
which we nonetheless premise; and in this matter I reduce the opinions of the
Astronomers into two classes: Some imagine that the distance of the Sun from the
Earth [is] infinite, or at least finite-yet-infinite, [that is] indeterminable by us,
[such that] no Parallax could be posited, [or] indeed [that it] could not be greater,
because the Parallax of the Sun cannot be evidently shown; some, moreover,
[hold it to be] finite, but knowable and demonstrable. The first opinion is ascribed
to Hipparchus among the earlier considerations, but afterward from the Eclipses
of the Moon as great a distance is nearly carried over [as] is that of Ptolemy. But
Dominicus Cassinus [Giovanni Domenico Cassini], as we shall say in Book 1,
chapter 13, [held the Parallax of the Sun] insensible; some earlier judged the
parallax of the Sun [insensible], afterward sensible; Vuendelinus [Vendelinus /
Govaert Wendelen] used the Dichotomies, but supposed about the Moon the Air
to be thicker, which [Air] would retard the vespertine Dichotomy, and accelerate
the morning [Dichotomy]; he chose the maximal distance of the Sun [as] 14905
Semidiameters of the Earth — as great as once it pleased Posidonius: for that Air
confesses the same [thing] from the Dichotomies [that] provenanced to him as
7000, as great as we ourselves nearly apprehended through the Dichotomies of
diverse [observations], as [the various] places of observation may show. Through
the Refractions, however, [by the] new method we hunted out the Parallaxes of
the Sun, and these, as we shall say [in] Book 1 to the end, chapter 14, [are] never
greater than 30, indeed for the most part smaller. Hence it has been most
certainly able [to be shown] to us [that] the distance of the Sun is never [more
than] 6430 Terrestrial Semidiameters; indeed it is greater than this, and
manifestly the Ptolemaic Astronomers, Copernicus, Tycho [Tycho Brahe], and
others — who [reckoned] the parallax of the Sun [at] about 3 minutes — erred;
rather, I assume it [more] probably, [as we] have demonstrated, [that] these
[observers] err, [reckoning] this interval [the Earth-Sun distance] far less than
they set it down, [opinions] which I have brought together [in] Book 3 of the
Almagestum Novum to the end, chapter 7, and in the Scholia themselves.

[column 1, printed p. VII]

At length [in] Book 1, chapter 17, we shall show, if the Physical cause of the
Eccentricity of the whole Solar [orbit] is, [that] the axis of the terrestrial shadow
[umbra terrestris] is such that the center of the Sun's motion is equal to it; [that]



there the center of the Sun's motion [is] equal, [and] where the Shadow of the
Earth [is], and [that] the cause of the half of the Eccentricity is the distance of the
Shadow's axis of the Moon from the Earth; hence, both from the Semidiameter of
the Sun's Apogee, [as] observed by us, [the] maximal distance of the Sun from the
Earth follows [to be] 6666 Semidiameters. This is too much; and so [the] limits of
the Solar distance are narrow, which Kepler [Johannes Kepler] in his
Commentaries on Mars, page 71, defines, saying: The Sun is not nearer than 230
Semidiameters of the Earth, yet it is not infinite; nor [is it nearer] than 700. And
2000 is not yet seen, [for] no certain number is demonstrated. But to those
correcting [him] we said truly: The Sun is not nearer than 6430 Semidiameters of
the Earth; yet it is not infinite, since it is absent by no more than 30000. But
[whether] six thousand and thirty thousand Semidiameters of the terrestrial
[radius] — [a thing] not yet a certain number — is demonstrated, I add this for
the exclusion of infinity, [to] very many [persons], by [a] kind of Physical
[argument], [namely that it] cannot be given [as] infinite, [and so a] kind of finite
terminus is granted on both sides; nor, [as] from everywhere, [is it] enclosed; [for
it is] of such a kind that it is a rectilinear Triangle: But whatever [the case], let the
distance of the Sun from the Earth be posited, because it is certain that the Sun is
greater than the Earth, it is necessary, [as] is [shown] by a line drawn rightly
between the center of the Earth, and however far [it] be continued; the other
[line] drawn touching the Sun would concur at length in the apex of the
terrestrial Shadow, [and] both, since they [are] tangent to the Earth, and [by] the
aforementioned right lines a Triangle must be formed; and [that] the angle [thus]
effects [a line] subtending the Semidiameter of the Sun [as] true, and [by] these —
the Semidiameter, and the two aforementioned right lines — a right-angled
Triangle [ought] to be formed.

But which [distance], moreover, may be within the said limits [of] 6430 and
30000, [is a] probable distance of the Sun, not easily to be persuaded to the lovers
of their own opinions, and of their inventions. For few [of them] will believe that
the [distance] is not infinite, but at least the maximum [is] 30000 semidiameters
of the Earth, so that they may securely scorn the parallaxes of the Sun. To
Vuendelinus [Vendelinus], moreover, and nearly to Christianus Hugenius
[Christiaan Huygens], it will please [to make it] about double smaller, just as it
pleased Posidonius — namely 14000, or 12000, using round numbers in the
interim. But to us that [distance] pleases, which is still double smaller, namely
7427, ex multis Dichotomiis [from many Dichotomies], and the Semidiameter of
the Sun's Apogee, and the Eccentricity [thus] limited; or 6666, [drawn] from the
Eccentricity of the Sun adequately measured against the Axis of the Terrestrial
Shadow, and from the apparent Semidiameter of the Sun — [these] not at all



repugnant to the evident parallaxes of the Dichotomy; if from the parallax of the
Moon the fallacy be absent — which is wont to diminish the time between
Dichotomy and quadrature; for [the time] is never less than within about one
hour, but more notably less than this here it returns. It is a wonder, however, that
this is the median distance of Hugenius's [Huygens's] Dichotomies of the Moon,
[taken] in this business [from] a preexisting proportion of the diameters of the
Planet, of any given one; [a thing that] he confesses [in] his Saturnian System
[Systema Saturnium], page 81, [to be] slippery. By the telescope, moreover, [for]
the median distance of the Sun from the Earth, [reckoned in] Semidiameters of
the terrestrial [radius], [is] 12543. Why? Because [it follows] if this [be] adequate
to the apparent Semidiameter of the Sun [of] 30" 30", as if truly it could not safely
[hold] that apparent [Semidiameter], unless the distance of the Sun from us be
prohibited [from going] to infinity, [or] unless [it be] prohibited from elsewhere.

[column 1, lower, printed p. VII]

On the Distance of the Five Lesser Planets.

Since it is most well-known to Astronomers that the Eccentricities of these
Planets, and the median distances from the Sun, depend on the distance from the
Sun, [the question is] how great the probability is of the Solar interval, [and] how
great [the interval] of the Earth, [and] so great too the interval of the distance of
these Planets from the Sun ought [to be], up to the Earth. And these [are] diverse
opinions concerning the accurate distance of these Planets from the Sun,
[reckoned] in such parts as the semidiameter of the Annual Orb of the Sun is
10000 — only so much in this Astronomy after Copernicus has been brought
forth, and it will be acknowledged, [that] the maximal distance of Saturn from the
Earth [is] about tenfold the interval of the Sun [from the Earth]; the interval of
Jupiter, about fivefold; Mars's, about subduple; Venus's, about three-quarters;
Mercury's, about subtriple. Indeed, as I brought [it] back [in] Book 7 of the
Almagestum Novum, section 6, in the Scholia, [continued opposite column]

[column 2, printed p. VII]

[it erred by] sometimes 4 degrees, and in Mercury 7, until Io. Keplerus [Johannes
Kepler], having a hidden suspicion, [held that the Eccentricity ought] to be
bisected . Keplerus [Kepler] in his Mysterium Cosmographicum attempted,
chapter 2, to distribute these intervals according to the inscription of [the five]
Regular Bodies — which nonetheless did not succeed in all [cases]; [and]
although, with the Annual Orb conceded, the translation of the Earth through the
Superior Orbs, and of the Inferior [Orbs] of the Planets; which nonetheless [is]



translated by us, are nonetheless feigned [are figments]. But Vuendelinus
[Vendelinus], with the distance of the Earth from the Planets supposed, as we also
said there, [supposing] the distances of the Planets from the Sun, [from] the
center of the World [equal] by sesquialterate proportion of the periodic times:
from which he concludes that the distances of the Planets have among
themselves the proportion which the numbers in the adjacent little table here
carried over have. We, however, esteeming GOD the best and greatest [Deum O.
M. = Deum Optimum Maximum] not [bound] to respect all the proportions, [and
yet because] they appear beautiful to us, but [we ascribe these] to that
[proportion] which [proceeded] from his own will in the lower regime of this
World, [a thing] neither so idoneous [fitting], nor in these concinnities
[harmonies] of numbers, so that we may recede from the apparent magnitudes of
the celestial motions, and [from the] measure, and represent them [as] more apt
[than these], such [as] in the meanwhile [was] our agreement in these [things],
which [I gave] at the end of Books 5, 6, 7, 8, 9: we choose; whence also it pleased
to [represent] these to the end [of] Book 10, even in Semidiameters of the Earth,
to represent [them], that the distance of the Sun, and the distance of the Fixed
[Stars] in opinion, [as] indicated under number 3; that it may be established to
the Readers within what bounds Astronomy rests, and of the more certain
determination consists. In this place, in the interim, for the hunting-out of the
distance of the Fixed Stars, it suffices to first know the distance of the Sun, and of
Saturn [as] the maxima from the Earth, according to a quadruple Hypothesis
within the limits of the truth consistent, and they are infra-written [below].

[Margin: adjacent inset table of planetary distances follows]

Inset table — planetary distances (in parts where the Sun's Annual-Orb
semidiameter = 100000; Wendelen's sesquialterate-proportion derivation):

Planet Distance
h (Saturn) 953153
3| (Jupiter) 519966
d'(Mars) 152366

©® [Telluris — of the Earth's orb, 100000
reference unit]

Q@ (Venus) 72339
g (Mercury) 38710



Parsing notes: The reference-unit row is labelled "Telluris" (of the Earth) and
carries the Sun symbol © with value 100000. Values transcribed as printed.

[column 2, lower, printed p. VII — main table]

Maximum Distance
from the Earth in

Ex Hypothesi [By Earth-Semidiameters

Hypothesis] — © (Sun) — h (Saturn)
Summa [Highest] 30000 327610
Vuendelini 14905 162833
[Wendelen's]

Nostra [Ours] 7427 81105

Infima [Lowest] 6666 72795

Parsing notes: The header "Maxima a Terra Distantia in Semidiametris Terrae"
(Maximum Distance from the Earth in Earth-Semidiameters) spans both numeric
columns — the left under the Sun symbol ©®, the right under Saturn h. Row labels
are the four hypotheses (Highest, Wendelen's, Ours, Lowest). All values
transcribed as printed.

[column 2, lower, printed p. VII]
On the Distance of the Fixed Stars.

Concerning this I discussed [in] Book 6 of the Almagestum Novum, chapter 7,
throughout, and in the Scholia [there], both so fully, [that] either I am not
mistaken, [it could be diligently treated]; nor — with the erudite Reader [free]
thence to draw [conclusions] — could it [need] further amplification; the chief
doctrine [I] there hand down [is] this: that, just as the Sun in the Zodiac is borne,
and sometimes occulting [a star] is interposed before some of the wandering
Planets [Planetis], [it is] certain that [the Fixed Stars] are then at least higher than
those Planets: that the Fixed [Stars] are distant by however great a naked-eye
observation [permits], or are observable, in such a way that they suffer some
Refraction; [it is] certain too, [that] there is no [Refraction] from so infinite an
interval: for besides what was said there under number 3, I add [it is] necessary
that they be [observed] from a sensible Refraction, since the Ray [Radius] at a
Star incident on the surface of the refracted Air, would be inclined to a
perpendicular at some sensible angle, and with this [other] ray of the Star drawn
out to the center of the Earth, [reckoned] from the Semidiameter of the Sphere of
Refraction, a Triangle is made; but the Physicists [Physici] therefore [hold it]



certain [that] it cannot be made [that the interval be] impossibly infinite [and]
terminated from everywhere — [as said] under number 3. [It is] certain too [that]
it cannot be evidently shown to us how great a distance of the Fixed [Stars] from
the Earth [there is], whether of those — whether [it be] the concave surface of the
Firmament — that [are] the lowest [surfaces of the Firmament], or of those [stars]
which are placed in the more sublime [parts] of the Firmament; and not without
merit Plinius [Pliny], Book 2, chapter 1 (with a cross-reference to chapter 23)
[Natural History 2.1, with 2.23], said: It is a madness of intellect, and almost of one
demented [Furorem ingenii, et paene dementis], to attempt this measurement, since
[it would be] with the hope of certitude, as [if it would] suffice for our estimation
[by] conjecture, [and] it would be established [that] no [certain] measure of souls,
[as] in these matters, prefer especially [things] beyond the Equator, the manner
of investigating the parallax of the Fixed [Stars], and of discerning the Refraction;
this [also] therefore [is] from that [matter], the Pythagorean interval [intervallum
Pythagoricum] there rejected, namely 94500 milia [miles], that is, terrestrial
Semidiameters about... ... times 24, from which results a parallax of the fixed stars
of 2°23'. But we do not approve the Platonic interval put forward in the same
place, as being too uncertain, since it depends on an assumed lunar distance; for,
given the assumed lunar distance of 56 terrestrial semidiameters, it would yield
a stellar distance of 17,993,654 terrestrial semidiameters and would contain the
lunar distance 466,561 times. Moreover, Bettini [Mario Bettini], in his Apiaria,
refuted this distribution of the fixed stars on harmonic grounds, holding that the
fixed stars lie at no greater distance than 2290[?] terrestrial semidiameters,
though he did not subscribe to the parallax computation. We have shown why
one need not labor over this.

But why this is so. From the Tychonic distance of the fixed stars — and on those
Copernicans who require so great a distance of the fixed stars that the whole
annual orbit vanishes against it, becoming as it were a mere point — the
following deductions are made. From Copernicus's hypothesis, Tycho and
[Giovanni Antonio] Magini [Magini] deduce a distance of the fixed stars of
785,0000 terrestrial semidiameters; Longomontanus, 7,906,818. [Christoph]
Scheiner, following Maestlin [Michael Maestlin], gives 13,133,376, a figure that
also results from the Galilean interval, which sets it at 1,304,6400 semidiameters
of the Earth. From Kepler's interval comes 34,077,067, or 6,000,0000 — for there
[in De Revolutionibus] we showed that, on this hypothesis, the parallax of the
whole annual orbit comes out as 17", or 14”. How great an instrument would be
required to perceive this, Tycho states in his Mechanica, and Lansbergen [Philip
Lansbergen] gives it as 4,1980000 semidiameters of the Earth. The terrestrial
parallax of the annual orbit, according to Hortensius [Martinus Hortensius], is 1'



(or, according to Origanus [David Origanus], 1'440), so that the parallax of the
whole annual orbit, after the six months, would be a sensible 6’, namely the
minimum 6'. By contrast, if it follows that the parallax of the whole annual orbit
ought not to exceed 10" — since the minimum solar distance is, as we said, 6430
terrestrial semidiameters — then the fixed stars must lie more than 3,000,000
terrestrial semidiameters distant from us. I regard that orbit of the annual
terrestrial orbit [recte: see anomaly b — the phrasing here is compressed] as
false. I see no more probable way of arriving at the measure of the distance of the
fixed stars than those that follow.

6. The first is taken from the proportion of the periodic motions: namely, if it
be supposed that the period of the Sun, which is one year, is to the distance
of the Sun from the Earth — taken as 3,0000 semidiameters of the Earth, or
at minimum 6430 — as that number is to the period of the fixed stars; then
[computing] the periodic distance of the fixed stars (which we take at
minimum as 25,579 years) yields the sum of the fixed-star distance,
767,376,000, or at minimum 164,472,970. Or, if the period of Saturn is taken
at 30 years, then by the same reckoning of distance the sum is 327,610, or at
minimum 72,795. From the numbers stated under point 4: if the period of
the fixed stars is 25,579 years, the distance-sum is 2793,31026, or at
minimum 680,68174. Do you see how vast a distance this is, and how
uncertain? But how much more uncertain is it in the case of Saturn — and
indeed of the Sun, which is the first and best-known measure of the times?

7. The second method is this: if the distance of the Sun from the Earth were
the proportional mean between the distance of the Moon and the distance
of the fixed stars from the Earth — for example, if it came about that the
maximum lunar distance of 61 terrestrial semidiameters were to the
maximum solar distance of 7427 as 7427 is to the distance of the fixed stars,
88,3,683 — then [the figure for] the fixed stars would have to be considered.
But to this we must add the discrimination of refraction, as we said in
Volume 2, Table 40. The refraction of the Moon at the horizon is 30" in the
middle of the air; that of the Sun, 31'; and that of the fixed stars, 31%. So
that the difference in refraction of the luminaries is 1%’ — the Sun has 1%/,
the fixed stars 12" — that is, only a half-minute of difference. Nor, even so,
can we make it that 1’ and 1% ... so that the maximum difference
[reckoned] from the Sun, when the distances are reckoned, comes to 7365
to 11047 terrestrial semidiameters; for the distance of the fixed stars would
come out much smaller than Saturn's, which is hardly probable.



8. The third [method] may perhaps appeal to certain people by its simplicity
— too much so — namely the one in which Saturn's distance from the
Earth is held to be tenfold the Sun's, Saturn being as it were the center of
the five Wandering [planets]; so that the distance of the Wanderers — or of
the fixed stars taken together — is tenfold the distance of the Wandering
[planets], or of the supreme Saturn of the Wanderers; and thus, by the last
Table of number 4, the fixed-star distance would be 327,6100, and at
minimum 727,950. Or, if it please that the sphere of the fixed stars begins
where Saturn's shadow ends, so that the shadow of Saturn casts no shadow
upon the fixed stars, then for me the shadow of Saturn is 12,0000 terrestrial
semidiameters; if to this be added our [figure for] Saturn's distance —
which is at maximum 81,105 — the distance of the fixed stars would be
1,011,05; or, rounded, 200,000. But to play around too much in
uncertainties — for the certain measure of these things I consult God, the
Best and Greatest.

[Margin: Eccles. 17.] ...has hidden from us, that we may acknowledge the
weakness of our own intellect, and may reverence Him, of whose wisdom
Ecclesiasticus 17 says: The power of the height of heaven is His own to behold. This
comes not only from the great altitude, but also from the cause and force
[flowing] from so great a height into these lower things.

Epilogue on the System of the World [Epilogus de Mundi Systemate]

9. Thus far concerning the System of the World, according to our own
hypothesis — in which the Earth stands immobile at the center of the
World, just as it was created at the beginning, as the foundation of the
World's edifice, and as the future home of all things, into which all the
heavenly bodies are bound to pour their influence. Around the Earth, the
[region of the] Spheres and the moving elements appear; the Sun and the
Moon are moved by two motions, namely, as regards longitude, with their
bodies tending eastward, yet always toward the west by spirals carried
through the fluid Aether, as described by the law and foundation which
human imagination conceives of their motion, as if it were made by a
single motion, almost circular, or rather elliptical, about a cone — capable
of being designated by a scalene cone. The other five Lesser Planets move
about the Sun as the center of their eccentrics, and as the fountain of light
from which they are illuminated; and, by an intermediate motion about the
Earth as center, with the light reflected, they are moved through the Aether
always westward by spirals, as described. Nor are they ever truly
retrograde, nor stationary; rather, they appear to stand still because at the



same moment they revolve, together with the same fixed star, about the
same Meridian, and recede again more swiftly, and toward the rising —
when they slowly revolve to the same point. Finally, the fixed stars, set in a
solid heaven, move daily, or by two motions imperceptible to us: in
proportion to their distance, and by an alternating repetition, with greater
or lesser velocity, now westward, now eastward, [the motion] perceived as
oblique, owing to the latitude retained with respect to the Ecliptic and
reckoned by us. Or, by a single real spiral motion, they are moved by
Intelligences always westward, of their own accord, so as to represent to us
an apparent oblique motion eastward. Moreover, the distance of the fixed
stars from the Earth, though it appear to us to be finite, nonetheless differs,
in that the lunar distance is certainly within the nearest limits to the Earth,
so that observations, when carefully carried out, evidently exclude the
error that would otherwise creep into the terrestrial semidiameters. The
solar distance is nearly certain to within fewer terrestrial semidiameters —
never indeed fewer than 6430, nor more than 30,000 — so far as it can be
assumed. The intervals of the other planets, indeed, with respect to the Sun,
are very nearly certain from their apparent motions about the Sun itself,
and from the aphelia [needed] for representing them; but with respect to
the Earth they have a latitude such that they depend upon the certainties of
the solar and terrestrial distances and intervals. The distance of the fixed
stars, finally, rests only on conjecture, probable in part, in part more than
probable; from this [arise] probabilities to be measured, though not
certain, nor demonstrable. It remains, then, that in treating of the fixed
stars, the planets, and the Earth, we should indicate how far Astronomy
and Cosmography have been advanced in each.

ARTICULUS V. [ARTICULUS V.]

On the Fixed Stars [De Stellis Fixis.]

1. As the sight of new stars [novae] was for Hipparchus the occasion for
numbering them for posterity, and for resolving once and for all the
[number of the] stars and of the heavens — and as Pliny relates (Bk. 2, ch.
26), so the new star of the year 1572 stirred...

stirred [Tycho] to rectify the fixed stars by the thousand, and to restore them to
one place [in the catalogue] as nearly as possible — by the new method of the
observation of Venus together with the fixed stars, so that Hipparchus ought to be
no less indebted to posterity than [Tycho was]. We must indeed correct these by a
not inconsiderable amount, not only because of the excessive parallax of the Sun
and of Venus employed by Tycho. Kepler too confesses that he founded his



Ephemerides upon this; but [he holds] that the evening observations of Venus are
to be compensated by the morning ones, and by our own observations, with a
larger instrument; and the Right Ascensions and Declinations of very many of the
fixed stars are corrected — as will be shown in our Book 4 in their proper places.

2. And since, in the Tychonic Catalog of Right Ascensions, the star in the
shoulder of the Lesser Bear was lacking — that star of the second
magnitude which shines in the second [magnitude] of honor [recte: i.e. is
reckoned among the second-magnitude stars], once called the Pole Star
[Stella Polaris] and the Cynosure — we ourselves, by the latitude of that
star and by its Right Ascension for the years 1600 and 1700, by a
trigonometric calculation, found its longitude to be decreasing, which is
new and unheard-of, and which we have set out as the cause for
astronomers. We perceived this not only in that star but in all the others
whose latitude is greater than the radius of the polar [circle of] circular
motion: namely, that the Right Ascension decreases as the longitude
increases, according to the theorem set forth in Almagestum Novum BKk. 6,
ch. 19, Problem 11 — to which we refer the reader [Almagestum Novum Bk.
4, ch. 1].

3. Furthermore, the latitude of the fixed stars — not only their Right
Ascension and Declination — we corrected and emended; yet we also
taught, in Almagestum Novum Bk. 6, ch. 15, that the latitude is immutable,
especially as regards the obliquity of the Ecliptic, as we say below. As for
the motion of longitude, their apocatastasis [&mokat&oToolg, apokatastasis,
"restoration" — the return to the starting point], and the Sidereal Year,
[these are] not from one comparison or another, as Tycho did, but from 72
collations, [whence] we shall more certainly determine [Almagestum
Novum BKk. 4, ch. 19]; and meanwhile [we judge] the Year to be neither
greater than 49" nor less than 49” — within which limits the more probable
[value] lies, as we teach in Bk. 4, ch. 19.

4. Finally, as to the number and apparent magnitude of the fixed stars, we
know what and how much the telescope has revealed to astronomers. For
by it we learned that the Milky Way is, as it were, a dense aggregation of
innumerable little stars heaped together; and thus the nebulous [stars]
coalesce out of several obscure little stars, dim in their light — for in the
nebula of Praesepe there are 36, and in the nebula of Orion 21; and within
two degrees Galileo detected more than 500 stars in Orion, 80 in the
Pleiades; Antonius Maria de Rheita [Anton Maria Schyrleus de Rheita] first



counted 1000, then 2500 new stars in the single [region of] Orion; and our
own Father Giovanni Battista Zupi [Giovanni Battista Zupi] noted them in
the Pleiades, the Hyades, and the sword of Orion. Recently too the Christian
Christiaan Huygens [Christiaan Huygens] saw the middle one in the sword
of Orion divided into 12 stars, by a large and powerful telescope. Hence the
number of the wandering [stars] is not infinite — as Giordano Bruno
[Giordano Bruno] contended in his book De Infinito, and the innumerable
[stars], saying there are as many worlds as stars, and these infinite — and
Kepler in his book De Stella Nova, ch. 21, refutes [this], wonderingly: that
there be innumerable men to us, by the powers of Divine Counsel and
wisdom — that they should congregate and number them, [though] David,
who is present, numbers the multitude of the stars, and calls them all by
their names. For Astronomy has gained, at every price, that by its aid the
eclipses, or the proximity of the fixed stars to the planets, can be known,
[and] the places of the planets in the heavens far more evidently noted
than by any other instrument.

ARTICULUS VI. [ARTICULUS VI.]

On the Lesser Planets, in General and in Particular [De Planetis Minoribus in
communi, & in particulari.]

1. Once upon a time the Egyptians, and with them [Martianus] Capella
[Martianus Capella], Macrobius, and Bede [Bede], observed that Mercury
and Venus always revolve about the Sun; that the [orbital] periphery of
Venus [Aptragina[?] — suspected source corruption] always [lies] above
Mercury; that Mercury always runs its course below Venus, against the
Pythagoreans and Ptolemaics, who placed Venus below the Sun, and below
Mercury; against Plato and Porphyry, who [placed] Mercury above the Sun;
against those who placed Venus above. Copernicus first placed all five
lesser planets about the Sun, so that they sometimes pass above, sometimes
below the Sun — Mercury sometimes above, sometimes below the Sun; the
rest go about the Sun, so that Venus, within these very orbits of the World,
is moved; Tycho, with the Earth retained [as center], the rest of the planets
about the Sun, asserts that they too are moved by their own motion from
the mean motion of the Sun, as Ptolemy, Copernicus, and Alphonsus [held],
but truly moved [recte: see anomaly ¢ — compressed]; for the line of
apsides passes through the center of the Sun. Moreover, from the System of
both Copernicus and Tycho, it follows — if the planets receive their light
from the Sun — that Venus and Mercury, as if at the apogee of the Sun's
conjunction, appear full of light in respect of our eye, but in perigee indeed



cast off all light, unless a little [latitude] permitted them [to be seen]; in
other aspects, with respect to the Sun, they [appear] in proportion. So that
the Moon, the Sun, by these little globes of light [recte: see anomaly d],
when naked, appears nearly round [in] their aspect, [their] disks always
seen as round. But what the naked eye [judges], the sharp [eyes], aided by
the telescope confirmed, judged to be true through the long-glass
[longobcope] — as we shall soon say of these matters in their place.

. There was then removed, by Copernicus and Tycho, that old farrago of
solid orbs and Epicycles, Eccentrics, [and the rest]; likewise the Eccentrics,
retained, [were dropped] in the liquid Aether, where the peripheries of the
planets designate the eccentric [paths], free of epicycles. Kepler simplified
the elliptical peripheries [and] eccentric circles, which most of the more
apt teachers of astronomy acknowledge against [epicyclic] motions; and so
Kepler left it imperfect; Bullialdus [Ismaél Bullialdus], Seth Ward [Seth
Ward], and Comes Pagani [the Comte de Pagan] attempted to reduce it to
the exact demonstration assumed from the nature of the Ellipse — though
they did not succeed. Moreover, the inequality which is discerned in the
motion of these [planets], the real [inequality] — and its proper cause, that
the orbit be moved truly but unequally — Kepler and the rest of his
followers refused to elucidate; Longomontanus [denied] it, refusing to
admit it into Astronomy as an axiom, since it follows from the ancient
principles of Copernicus and Tycho. Both these and Longomontanus took
for an axiom that the heavenly bodies are moved equally by themselves, in
respect of the [point] about which they are seen to be moved unequally, [a
point] which lies outside the center of their own orbit. But meanwhile
Kepler and his followers, moving the Earth about its own center, were not
solicitous about the motion of the Prime Movable, and turned the motion of
the planets eastward.

. We, having demonstrated the immobility of the Earth, [hold] that the
motion of the planets is really unequal, though it appears to us so
unequally — that, though unequal, however great it appears to us, [it is]
always westward, by spirals so carried out [recte: see anomaly e], that yet it
pleases God, in [view of] our weakness, to commend it; and they seem to
describe an elliptical periphery about a cone, as I have already insinuated
above, and that, free of librations, which Kepler too upheld by a greater or
lesser breadth of the spiral, we do not doubt that all that variety...



variety comes about [in the motion], which appears in Declination and in
Latitude. Now we shall set forth in particular what our age's Astronomy has, by
the benefit of the Telescope, detected in these planets, [and] we shall run through
them.

SATURN is sometimes solitary and round, sometimes three-bodied [tricorporeus]
— when seen with imperfect telescopes — and sometimes seen variously oval-
shaped [ellipticatus]: by Galileo, Scheiner, Blancanus [Giuseppe Biancani],
Gassendi, Hevelius [Johannes Hevelius], Rheita, Schiraleus [recte: Schyrleus, i.e.
de Rheita], Fontana [Francesco Fontana], the Fathers of the Society [Jesuits] Zupi,
Zucchi [Niccolo Zucchi], and Bartoli, Eustachio de Divinis [Eustachio Divini], and
others of the present day. We too, and many others, have shown these figures in
[the schema] subjoined — as also Christiaan Huygens [showed them] by a larger
Telescope. He asserts that he observed in this Saturnian system a certain little
planet of about 16 days, [moving] about Saturn near the days [of its] circuit,
which he calls accordingly the Moon of Saturn [i.e. the satellite Titan]. He judges,
moreover, the phenomena of Saturn as regards the handles [ansae] to be safe —
that is, that they tarry within the bright ring, which always accompanies Saturn,
and [that they are] otherwise [than what] others have tried to explain. We,
however, show all things more clearly than they, if Saturn be placed near the
elliptical [figure] continued to itself, by that alternation of libration which they
expound likewise. The line indeed through the handles, or the little ring, [we
hold] always to preserve a perpetual parallelism with the plane of the Equator —
as we confirmed by evident observations, with Father Grimaldi [Francesco Maria
Grimaldi], in the Almagestum Novum; which Galileo suspected, Gassendi and
Bullialdus asserted, Hevelius denied, [and] Huygens [held] to be by no means
exact about the solstitial points — a thing which we, and afterwards Huygens,
thought [to lie] in the very body of Saturn near the handles, not improbable in
respect of the aforesaid little ring.

5. JUPITER, by [the testimony of] the most penetrating Italo-Belgian
[observers], from Galileo in Italy, at the same time [that] Simon Marius
[Simon Marius] in Franconia observed [it], [is found to have] four little
planets revolving about Jupiter within a few days; which afterwards
Scheiner, Blancanus, Hevelius, [and] Rheita very often saw, but especially
Father D. Vincentio Reinero [Vincenzo Renieri], a disciple of Galileo, who
edited his Ephemerides of their [motions]; we, too, hope [for the like]; and
the absolute [reckoning] of Father Giovanni Battista Zupi [touches on] the
celestial secret. The careful observer in these noble matters [proceeds]: but
from the frequent eclipses of the little planets [satellites] falling into the



shadow of the Jovian body, we have inferred two things, namely, that we
should know that Jupiter, and that the satellites about it receive their light
from the Sun — whence the same of Saturn, as is conjectured of Mars, the
other [satellites], if [they are seen] at least in Mars, [and] that the agitations
of Jupiter could be observed in diverse places on the Earth, [and from
these] the distance of Meridians could be gathered. But whether two, or
perhaps four, Satellites are to be had — or others, five, [is debated]; as
Rheita contends, who is refuted in the Almagestum Novum BKk. 5, ch. 3.

The bands [fasciae] on the disk of Jupiter — now one, now two, now three, of
diverse situation, yet [of] fixed [place] — were seen not once by the Fathers of the
Society, our own Giovanni Battista Zupi, Niccolo Zucchi, and Daniel Bartoli, [and
by] Francesco Fontana [and] Huygens — and by us, with Father Grimaldi — so
evidently that they cannot be denied with serene brow. Whether they arise from
a diverse situation, or from a libration about its own center, is believed [to be
debated]. The most illustrious Marchese Cornelio Malvasia [Cornelio Malvasia]
saw [them], and that not once.

6. MARS, by the gibbous figure seen between the quadratures, [as observed]

by Francesco Fontana [and] Huygens, [is found] to receive the indications
of its light from the Sun. A spot [macula], indeed, sometimes single, [seen]
now broader, now narrower, [is found], though there is none the same in
[the observations] — sometimes by Father Niccolo Zucchi; sometimes [the]
double [spot] seen at Naples by the Fathers Sirsalus [Daniello Sersale] and
Daniel Bartoli, [providing] indications of the rotation about its own center,
or [of] the vertiginous [spin] of its body, not slight. But especially that new
[discovery], worthy of the knowledge of Kepler, who showed it: namely,
having attained [the truth] that Mars in perigee becomes far nearer to the
Earth than the Sun.

7. VENUS, [as observed] by Galileo, Scheiner, Gassendi, Hevelius, Fontana,

[and] Huygens, [and by] Father Grimaldi [and] us, is most often seen by the
optical Tube now gibbous, now dichotomous, sometimes cornicular
[horned] or sickle-shaped — as we show most fully in [the] schemata in Bk.
7 of the Almagestum Novum, Sect. 1, ch. 2. By an evident argument, [it is
shown to behave] not otherwise than the Moon illuminated by the Sun, and
so [it appears] in those circumlustrations [phases]; whence it is more
evidently established that, near the perigee, in conjunction with the Sun, by
reason of [its] great latitude...



it was seen by Tycho and by us with horns turned downward, and illuminated by
the convexity upward toward the Sun — as is to be seen in the schema of the
same chapter, p. 485.

8. MERCURY also, [seen] not rarely by [the] Rheinish [observer], Father
Grimaldi, and ourselves, [is found] deficient, and appeared corniculate
[horned], as we predicted [in] Almagestum Novum BK. 7, Sect. 1, ch. 2; and
Gassendi [observed] Mercury [passing] beneath the Sun, [which] you will
be persuaded of [recte: i.e. Gassendi's 1631 transit of Mercury]; and the
astronomers, by this very Heliocyclic [observation], and about the Sun,
[hold] that they circumvolve [revolve], [and] change nothing in the [order].
[recte: see anomaly f — compressed.]

9. The whirling [vertigo] of the planets — of which the indications [are seen]
in Saturn, Jupiter [Joue], and Mars, as we touched on above — is from the
Rheinish [observer], [defined] by certain conjectures and by certain
analogies, [within a span] of days, hours. About which matter, when I was
discussing it face to face — when I was at Bologna — I heard from the very
learned [observers], that by the binocular Telescope such periods had been
observed, though as yet imperfectly. Let the faith of [the matter rest] with
its Authors.

ARTICULUS VII. [ARTICULUS VII.]

On the Sun [De Sole.]

1. The elliptical figure of the rising and setting Sun could not have been seen
but once by antiquity [recte: i.e. was unknown to antiquity]; nor [did
anyone] before Scheiner study to investigate the cause — [the] same
[Scheiner who] first [observed] the spots [maculae] on the Sun, as Galileo
[did]; he convinces [us] in his Rosa Ursina that he not only noted the spots
with the long-glass [telescope], but afterward, by so many accurate
observations, prosecuted [the inquiry] — as René Descartes [René
Descartes] testifies, who, regarding the remaining hope, predicted that
something better would be furnished in this part: namely, whether [the
spots] are moved by the motion of the solar whirling [vertigo], whether by
a single motion within about 28 days, as he [Scheiner thought] (Bk. 3 of the
Almagestum Novum, ch. 4); but certainly the 24-hour rotation of the Sun
introduced by Kepler is gratuitous [gratis], as we introduced [in Bk.] 24.

2. We, [holding] the aforementioned motion to be uncertain in its disputation,
having dismissed [it], with all our forces, together with Father Grimaldji,



applied ourselves [to determine] its motion in longitude, and in latitude as
regards the declination, and the apparent Diameter, and finally the
distance, and the parallax — a thing more certain, [and] more accurately,
than was done before — that we might attain the inquiry. And we
determined the motion in longitude indeed not from observations of two
pairs of years, as Tycho [did], but from the interval of 1812 years, [from]
selected Hipparchan [observations], and the other [observations] of our
equinox, by the ingenuity of S. Petronij [the Gnomon of San Petronio], the
Gnomon of Bologna being made — [we determined] the Eccentricity, the
equation [aequatio] necessary [for] the Sun, and its Diameter — most
subtly [and] most accurately — confuting those who, by a much larger
diameter [drawn] from the Cysat [Johann Baptist Cysat] and Scheiner
observations asserted [it], detected [the error], and [the] cause of the error
[committed] by them, through their ignorance, [or] from a certain mode of
propagation of the light of the Sun, as we shall teach below in its proper
place. But we also confuted those who, against Kepler, denied [recte: this
passage is compressed] in this matter the diameter of the apertures [of the
foramen], [and] inferred the diameter of the species [image] of the Sun [to
be other than] what it truly is — as I shall expound more fully in the
Appendix to Bk. 1.

3. The maximum Declination of the Sun [we determine] to be 23°30'20”
[printed gr. 23. 30". 20". — second prime where a seconds mark is intended],
[to have been] perpetual, and not changed within memory, as the
observations of the ancients teach us — so that the place left for doubt
seems [to be] inconsiderable. We finally [determine] the distance, and the
parallax of the Sun, [to be] not only far smaller than the Tychonic [value],
as we show, but [to lie] within limits not to be despised for certainty, by
[the methods of] the Lunar Dichotomies, and by a new method [drawn]
from the Refractions, [as] we conclude.

Prolegomena — Articuli VIII-XII; Liber Primus,
Caput I
ARTICULUS VIII. — On the Moon and Eclipses

1. We owe a real debt of gratitude to [Tycho Brahe], for it is from him that we
learned that the Moon's maximum latitude at the quadratures is about a
third of a degree greater than at the syzygies; that the motion of the nodes



themselves is not uniform; and that the Moon undergoes — besides the two
inequalities — a certain third variation around the octants. We have
nonetheless determined the Moon's motion in longitude more certainly in
several respects: not, indeed, by deriving it from a greater number of lunar
eclipses, but by taking great pains over the disagreement among the Tables
in their comparison with observations, and over the lapses into which
other otherwise distinguished men have fallen — as will be evident in Book
L

As for solar eclipses, we have measured the Sun's diameter against the Moon's
diameter, already known from another source — not only in the total solar
eclipses that [Tycho Brahe] had denied, but also in annular ones, and that without
any violence to the data, such as those eclipses demand.

2. Furthermore, the lunar spots — which some call Selenographia — were
studied with great zeal and assiduity by [Langren], Sirsalis [Giovanni
Battista Zupi / Sirsalis?][?], [Hevelius], [Eustachio Divini?][?], and Rheita
[Anton Maria Schyrleus de Rheita]. Father Francesco Maria [Grimaldi], an
emulator of these men, equipped with a telescope, depicted them on the
largest scale — or at least on no smaller scale than the one in which we
have set them out in Volume 9 [Almagestum Novum], chapter 7, with a
small figure. He had, however, often examined them with his own
instruments and in their proper places, and committed them most
excellently to a figure; and Marchese Cornelio Malvasia did the same. But
as for the causes of this phenomenon, we have investigated them rather
more diligently in chapter 7. And as for the matter of the Moon's libration
— first noticed by [Galileo], and afterwards confirmed by the kind offices of
our friends [Michele Langren] and [Hevelius] — we too have contemplated
it many times together with Father [Grimaldi], insofar as it was necessary
for us to know the limits and nodes of that libration. Some of these, though,
differ from [Hevelius]; this will become clear, as it must be stated, in Book
I11, chapter 3.

3. Itis remarkable what subtlety and industry more recent astronomers have
already brought, after [Kepler]'s admonitions, to the observing of eclipses,
surpassing all their predecessors by a long interval — chiefly with the help
of the telescope, as may be seen in the observations of [Gassendi],
[Hevelius], Lansberg [Philip van Lansberge], Eichstad [Lorenz Eichstadt],
Bullialdus [Ismaél Boulliau], and many others. Indeed, with sharper insight
than they did, we have detected the difference between the terrestrial



penumbra and the spurious beginning, middle, and end of an eclipse; and
we have shown the legitimate beginning and end; and I have set out the
cause — most shrewdly discovered by [Kepler] — why the Moon, though
sometimes, but rarely, completely extinguished in the middle of a total
eclipse, in other cases and rather more often does not wholly fail in the
middle but appears reddish, or coppery, or sometimes of a leaden hue. This
is because she is then illuminated by the Sun's rays refracted toward her,
since she does not fall within the true shadow-cone of the Earth —a
doctrine we have here recalled and asserted, against the contrary
sophisms. We likewise made an accurate observation, on the admonition of
our most dear friend [Vendelinus, i.e. Godefroy Wendelin], of those things
that are of prime importance concerning eclipses, and added others in
their proper place. And we have laid out most fully the causes of the
discrepancy among observers of the same eclipse. Finally, we have
enriched astronomy itself — and chronology along with it, more than
anyone else — with our knowledge of eclipses, since we have helped our
many friends in foreign parts who afterward shared with us no few useful
observations. And throughout Book V of the Almagestum Novum we have
untangled new questions, and several problems bearing on eclipses,
hitherto open to dispute.

ARTICULUS IX. — On Comets and New Stars

1. There was a great controversy between the Tychonics on the one hand and
the Claramontians [followers of Scipione Chiaramonti] on the other, as to
whether comets and new stars were observed by [Tycho Brahe] in his day
above the Moon — as Tycho and his school maintained — or whether, as
the Claramontians, biting like Peripatetics, contended, they were below the
Moon, and as Chiaramonti held, even retained below the Earth. We, for the
sake not only of astronomers but also of natural philosophers, have here
undertaken this labor too — though not without great toil — in Book VIII of
the Almagestum Novum, perhaps at excessive length. We have examined
the observations, and (with incredible labor in the reckoning) carried them
through; and on this occasion we have thought out new theorems and
problems, and settled the controversies by literal conclusions — though we
do not yet repent of the labor. But as for the new star that guided the Magi,
the cradle-companion of the infant Christ, we have added a little something
against certain men's somewhat rash assertions, for the sake of those who
delight in sacred letters; this may be read at the end of the said Book VIII.



ARTICULUS X. — On Refractions, the Height of the Refractive
Air, and the Twilights

1. Since [Tycho Brahe] was the first to consider refractions — which had been
pointed out and measured by some of his predecessors — and to publish
them by number, all later astronomers acquiesced in the Refraction Tables
issued by him; and [Kepler] himself, notwithstanding that correction of his
which he had set in motion in the Optics and Dioptrics by an increment of
secants, brought this subject to its perfection in Almagestum Novum Book
X, throughout section 6, in Problem 57. And the refractions assumed by
[Tycho Brahe] we have corrected three times over, in the Table of the same
section, after first treating them at Problem 27, and have accommodated
them to a triple refraction of the year. Afterwards, examining the matter
again more deeply in [Tycho Brahe]'s own observations made on the day of
the solstice, and along with me Father [Alberto Albertini?][?] — by Currus,
transmitted from Tycho's own autograph — we detected that both Tycho
himself and [Kepler] had erred in then confounding the optical refraction
with the astronomical; for we shall show, in Book I chapter 14, and in
many other places, and most worthily of being known concerning
refractions, by what causes the astronomical refractions of a star nearer
the horizon prove to be smaller when they ought to be larger.

But as to the height of the refractive air, the reader will learn with how much
labor we have investigated it, in Almagestum Novum Book X, section 6, at Problem
43, and from 43 to 57; where, disproving even [Kepler], we have constrained that
height to within two Italian miles. And from this, moreover, the natural
philosopher too will be able to draw no small lessons for his own doctrine
concerning the height of the air, if he combines what is handed down by us in
Book I, Almagestum Novum chapters 30 and 31, and Book II chapters 1 and 19,
with the most exquisite matter in Book VIII, section 1, chapter 14, on the twilights.
From the haze of the twilights both the sublimity and the gleaming and clouds
may be gathered — that is to say, from the threefold use of refraction in
determining height — and from the differing depth of the Sun below the horizon
when it is at one distance from it in the evening, and at another in the morning
twilight; both in winter, when it is in the vernal[?] sign, and in summer, as well
from the observations of others as from our own.



ARTICULUS XI. — On the Height of Mountains, the Levels of
Rivers, the Distance of Vision, and the Tide and Depth of the
Sea

1. You will ask, you say, what these matters have to do with the astronomer.
The answer is that through them certain astronomical questions are better
resolved — both those bearing on parallaxes and those on refraction, and
those bearing on the exclusion of any motion of the Earth. To detect these
things, then, many errors had to be measured out in the height of
mountains — which we did in Almagestum Novum Book I, chapters 11 and
10, section 3, at Problem 31, and section 4 at Problem 50, and more fully in
Geographia Reformata Book VI. Errors likewise had to be eliminated in the
breadth of the physical horizon, that is, the distance up to which our vision
extends above the Earth or the Sea; this we did in Almagestum Novum
chapter 10, Book 10, section 4, at Problem 39, and these matters have since
been more fully explained in Geographia Reformata Book VI. The places
had partly to be examined as to the levelling of rivers, which we touched
on in Almagestum Novum Book II, chapter 15. And concerning the Tide of
the Sea, things are explained as found in Book IX, chapter 14, where, lest
we should rake over again the conjectures of Galenists[?][likely
"Galileeorum" — the Galileans], who derive the true cause of the marine
tide from the motion of the Earth, whether diurnal or annual; on which
occasion, when we have collected from every quarter the histories of the
tide of the Sea, and the things to be known about its hourly flux and reflux,
we have laid down rules, and against the Galileans we have brought
forward our own opinion, having enumerated the causes of these motions
— apart from the opinion of Reita[?]/Rheita, whose book was then lacking
to us, which we afterward examined in Geographia Reformata Book X.

ARTICULUS XII. — On the Magnitude and Immobility of the
Terraqueous Globe; on Heavy and Light Bodies; on the
Acceleration in their Descent and Ascent; and finally on the
Vibrations of the Pendulum and its Use in the Measure of
Time

We have first set out the magnitude of the terraqueous globe, and treated it in

Almagestum Novum Book VII, chapter 8, section 4, at Problem 2; then, renewing
the observation, expounded it publicly in the Theses, and at length, with other



observations, attained it (by incredible labor and industry, with God's most
evident help) together with Father Francesco Maria [Grimaldi], and
demonstrated it in Geographia Reformata Book V— and that not by a forced
reckoning but, as is necessary, by a measuring-out of the intervals, and by the
method of others' correction, reconciling with some of the most celebrated
opinions on this magnitude. As for its immobility, as we indicated above, we have
asserted it both from the real acceleration of heavy bodies as they naturally
descend, and from the proportion of the velocity, evidently deduced; and we shall
say more in an Appendix to Book I. Concerning that acceleration, and other
matters with it, the natural philosopher must read — many things by experiment
not to be neglected — which we handed down in Almagestum Novum Book 1II,
chapters 21 and following, and Book IX, section 4, chapter 16. Finally, the
remarkable properties of the vibration of the pendulum, and its use first applied
by us, and reduced to a certain measure of the motion of the primum mobile, see
in Almagestum Novum Book II, chapter 20.

Thus far, perhaps not without some little offense to the reader, we have dwelt
upon a matter often impressed — namely, what we have done to advance
astronomy and geography. But be it far from us to boast: whatever good we have
attained in this kind, we acknowledge that we received it, of God's bounty, from
God the Best and Greatest, and we refer it to His Glory; for it was at the express
command of our superiors that we first, at the prompting of Heaven, set
ourselves to these studies. Nor indeed do I much linger over the man who said
that the two earlier Tomes of the Almagestum Novum contain, indeed, an
Astronomical Library and a collection of no common erudition, but nonetheless
almost nothing newly contributed by us — when we reckon up in those same
books nearly 95 new questions with their solutions, 88 theorems, the correction
of errors admitted by others, and on top of that more than 320 refutations of the
fallacies of arguments; besides many new Tables, or little tables newly
constructed for the erudition of astronomy and geography. May GOD bless our
labors — to whom be Honor and Glory forever.

BOOK ONE — IN WHICH ARE THE
OBSERVATIONS OF THE SUN, AND THE
FOUNDATIONS OF THE SOLAR HYPOTHESES

[Display title block] LIBER PRIMUS, IN QUO SUNT SOLIS OBSERVATIONES, AC
Fundamenta Hypotheseon Solarium.



CAPUT I. — On the Methods of Observing the Equinoxes,
Solstices, and the Maximum Declination of the Sun, with the
Least Possible Fallacy

This is not the place to treat these matters at length, since they belong to the part
of astronomy concerned with instruments [Organicam Astronomiae partem], for
which we have furnished an entire Volume. But in order that the observations of
the Sun, which must be adduced, may be the better understood, and
distinguished from the cruder ones — it must be recounted by what methods
more refined observations have been made, by which the equinoxes, the
solstices, and the remaining moments of the Sun's entry into the signs of the
Zodiac are observed or observable; and the fallacies that lurk in them must be
pointed out. We shall begin with the equinoxes, as being the most celebrated
cardinal points of the whole year.

On the Equinoxes

1. [Margin: First method. Shadow of the gnomon.] First, the day of the
equinox can be explored by observations of the line which the apex of the
gnomon's shadow describes in the horizontal plane, from the rising of the
Sun all the way to its setting. For if that line is straight, it will be an
indication that the equinox has occurred on that day. But the hour at which
the Sun reaches the equator cannot be discerned by this means.

2. [Margin: Reckoning of the half-day's time.] Second, if the time is reckoned
from the rising of the Sun up to the Meridian, or rather, from the Meridian,
it will be the sixth equatorial hour, or hour 6 with some minutes; the
indication will be that the day is equinoctial; or, from the moment of the
Meridian, up to the setting of the Sun, the physical reckoning will tell off
the time of the Sun's setting at hour 6 with 4 minutes. This is because the
horizontal refraction makes the Sun, optically, appear about 4 minutes
more quickly in the horizon than it really is in the morning; so that it is
seen later, in the evening, to set — at least in the Torrid and Temperate
zones. But lest even this should give the hour of the Sun's entry into the
equator — and much less, if it is not corrected by perpendicular
oscillations [pendulum swings], of which I spoke in Almagestum Novum
Book I, chapter 13. There is also the mercurial clepsydra [water-clock], of
which [Tycho Brahe] writes in Tome 1 of his Progymnasmata, chapter 2,
and Dudley [Robert Dudley] in Arcani del Mare [De Arcanis Maris] Book I,



chapter 4. But these are more fallacious; whoever uses such horologes,
whether of water, or of sand, or of the sundial [horizon], beware.

3. [Margin: Eastern point of the true rising is observed.] Third, if the Meridian
line is first exactly marked out in the physical horizontal plane, and one
cuts it at right angles by another straight line, and on this line erects two
very fine needles upright between the distant points — or something else
that may designate a vertical plane, namely our Filar Triangle [Triangulum
Filare], of which in Almagestum Novum Book V, chapter 15: for if the center
of the eastern—-western rising falls in the said line, drawn out by the
imagination, or in the said plane produced, it will be an indication of the
equinoctial day, and of the true rising or setting. But here too lurks a
fallacy of horizontal refractions, which, both because of the horizontal
refractions and because the figure of the Sun is so widened into an ellipse
[Elliptice], that whether you collimate to the center of the very rising, or
whether the Sun set in the equator, they nonetheless represent it short of
the true place, or beyond it; both from the horizontal parallax, and because
the physical plane of the horizon differs from the true.

4. [Margin: Equinoctial shadow of the gnomon.] Fourth, the ancients
observed the equinoctial by the equinoctial shadow of the gnomon — that
is, if the gnomon, or stylus in the scaphion [hemispherical concave sundial],
were perpendicularly erected, the meridian shadow projected the same;
the height of the equator was demanded as foreknown. But because in
scaphia the stylus was rather short, and hence the boundary of the shadow
was liable to a notable error in arguing the Sun's altitude — and likewise
the altitudes were inconspicuous, since they were measured by the shadow
— therefore they were accustomed to erect obelisks, and gnomons many
feet long, in measuring the conspicuous altitudes. Such was the obelisk of
116% feet in the Campus Martius, of which Pliny writes Book 36, chapter
10[recte: Pliny Natural History 36.15]; and a Byzantine gnomon, whose
meridian shadow, observed on the equinoctial days, was found to bear the
same ratio to the gnomon, as 111 to 120; as is evident from Strabo Book 2,
chapter 5. And about other gnomons of this kind, from Pliny Book 2,
chapter 72, and Vitruvius Book 9, chapter 8.

as Cleomedes does in his first book, and Ptolemy [Ptolemy] in his second
(Almagest 1), from chapter 2 to chapter 6, where he admits that this method is
not very accurate. Moreover, once the altitude of the gnomon and the
perpendicular line in the plane of the horizon have been given, two right



triangles arise in the same plane of the equinoctial, similar in species: in these the
gnomon stands as the radius of the angle, or as the whole sine, and the shadow as
the tangent of the said angle; and from the shadow subtending the gnomon, the
distance of the Sun's uppermost limb from the zenith in the heavens is
determined. Suppose, then, the gnomon and its shadow given: the whole sine will
be to the shadow as one quantity to another, and the tangent of the said angle
will result. If to this you add the apparent semidiameter of the Sun, and then
subtract the corresponding parallax, you will have the true distance of the Sun's
center from the zenith in the meridian. This, when subtracted from the true
altitude of the pole, reveals the Sun to be on the meridian and at the equator. But
if the result departs from this by some amount, then by however many hours the
equinox falls short of, or after, the moment of noon — by just so many hours is
the equinox distant from the moment of noon. Accordingly, in this business one
must take care how far the error may run, whether in the altitude of the pole, or
in the semidiameter of the Sun, or in refraction, or in parallax, or in the
observation itself, or in the measurement of the shadow, or in all of these, or in
several of these elements.

Concerning the use of gnomons by which the Sun's uppermost limb is observed
together with the shadow of the solar limb, we shall say more at number 8,
chapter 2 [chapter IIJ.

§5. A fifth solemn method used by astronomers, especially the Alexandrians,
was to observe the equinoxes by means of equatorial armillary rings, such as we
described in Almagestum Novum III, new chapter 14, number 7. The equatorial
armilla consists of two rings, or large quadrilateral-surfaced annuli, which
intersect each other at right angles, dividing one another in two, of which one is
set in the plane of the meridian circle, and the other precisely at right angles to
the first, at as great a distance of the equator from the zenith and from the pole of
the place as the equator is distant from the zenith, so that the Sun on the
meridian falls upon it. When the Sun has reached the equator, the meridian
armilla shows the Sun to be on the meridian and at the equator. But by however
many minutes it should exceed this, or fall short, by just so many hours is the
equinox distant from the moment of noon. Hence, by however many minutes the
error has been committed in this business — whether in the altitude of the pole,
or in the semidiameter of the Sun, or in refraction, or in parallax, or in the
observation itself — the equatorial armilla represents the equinox. If, however,
the armilla illuminates either cavity equally on both sides, the equinox is
occurring at that very moment on the meridian; but if not, refraction stands in
the way of this precise observation. If the lower cavity is illuminated more from



the northern part than from the southern, it is a sign that the vernal equinox has
occurred, and the pole's path is for the northern observers: for to the southern
observers all things happen in the opposite way, in alternation, as we shall
presently say. Furthermore, when sometimes the cavity of the equatorial armilla
appears illuminated in some way on the western part, the equinox will then
occur after noon (if indeed on a clear day, since the said cavity is never wholly
illuminated on both sides); but if the eastern part, it will occur after noon. Since
on that serene day the equinox falls within the day, not by night — provided only
that the region of illuminations be changed: for if the Sun illuminated the
northern part of the cavity yesterday and illuminates the southern today, know
that the autumnal equinox has occurred; by night, that the intervening northern
equinox has occurred. On the contrary, if it illuminated the southern cavity
yesterday and the northern today, in the morning, know that the northern
equinox has occurred. Against this, if the Sun illuminated the southern cavity
yesterday and illuminates the northern today in the morning, recognize that the
northern equinox has occurred — at least insofar as physical appearances are
concerned, even if it does not always answer to astronomical truth: for
refraction, raising the image of the Sun above the horizon, can make the equinox
to be perceived, although it lies in the very equator, before or after the equator,
and on the contrary, in the southern signs, or, beyond, in the southern signs, it
may appear to be in the equator. And this is indeed the cause why, in the same
way that the cavity is equally illuminated on both sides once near sunrise, or
once near sunset, by refraction, refraction makes the autumnal equinox earlier,
and delays the vernal equinox, since refraction delays the autumnal and hastens
the vernal: by which reasoning these fallacies correct themselves, and the
equinox, when refraction ceases, departs by an equal amount toward the true
[equator], as Bullialdus [Ismaél Boulliau] taught in his Astronomia Philolaica 1,
chapter 2, and as we ourselves noted in Almagestum Novum I1I, new chapter 14,
number 9; but to no avail.

[Margin: Hipparchus, Ptolemy, and their fallacy in observation.]

But it is astonishing both that Hipparchus [Hipparchus], and Ptolemy after him,
who attest in their own behalf (Almagest I11), should ascribe a defect to the
equatorial armilla, which Ptolemy thought (or believed) had collapsed from its
original setting, the legitimate position having been changed: a contrary effect
produced the parallax-fallacy, namely the optically autumnal one, and delayed
the vernal equinox, since refraction delays the autumnal and hastens the vernal
— because by this reasoning these fallacies correct themselves; and the equinox



departs by an equal amount toward the true [position], as we taught more fully in
Almagestum Novum III, new chapter 14, number 9.

But we do not need this much: since we are able to make use of observations, by
other methods in which the fallacy of refractions is not implicated, not only the
more recent ones, but also the ancient ones. When we must use the observations
of Hipparchus or of Ptolemy, by which the armilla in the meridian, or as nearly
as it appeared on both sides, was illuminated equally — then at Alexandria the
Sun was high, almost 60° [degrees], and yet beyond all sensible peril of refraction;
indeed, by our reckoning the parallaxes, which do not exceed the second scruple
[arcsecond], are 6. The remaining equinox, of which Hipparchus attests according
to Ptolemy, was not safe from an error of nearly 6 hours: nor are they suitable for
that subtlety which the more recent age demands; especially since here an error
of nearly 12 hours could be committed, as Longomontanus [Longomontanus]
contends in Astronomia Danica 1, Theoricarum chapter 1. Kepler [Kepler] adds in
Astronomia [Nova] optica, page 146, that the equinox observed by Tycho [Tycho
Brahe] by means of the armillas, in which the same day might seem to be an
equinox, was made false by the force of refraction; and therefore the equinox is
to be sought by a more certain method.

§6. Sixthly, therefore, with very large instruments rightly divided, set up, and
adjusted — namely, as you will best prepare now according to the Gregorian
Calendar, from March 19 to March 24, and from September 19 to September 24 —
observe the meridian altitude of the Sun's center, and reduce it, when it is
apparent, to the true value, by the corresponding adjustment of parallax and
subtraction of refraction. For if the altitudes of the equator are made equal, the
equinox is made known. But by however many minutes, or scruples [arcseconds],
the first altitudes of the equator differ — by just so many hours, before or after
noon, has the equinox occurred. And indeed the vernal equinox precedes the
meridian among the northern observers, if the following [meridian] altitude of
the Sun should exceed the meridian altitude of the equator; but if indeed this
should exceed that, the equinox will occur after noon. Conversely, the autumnal
equinox precedes the meridian, if the meridian altitude of the Sun should exceed
the meridian altitude of the equator; but if this should exceed that, the equinox
will occur after noon. But by however many minutes the matter is uncertain in
practice, you will go astray either in the altitude of the pole, or in the observation,
or in refraction, or in parallax; by just so many hours you will wander from the
true moment of the equinox. Therefore the equinox of not only the ancients, but
also of Tycho himself, by parallax is off by two things, and indeed by a greater



minute than it ought, which Copernicus [Copernicus] also, and his predecessors,
got wrong, as we shall say afterward, [and which] need correction.

Concerning the Solstices.

§7. First, the winter solstice [solstitium brumale], on account of refractions and
parallaxes greater than those of summer, is liable to more fallacies than the
summer one — whether it be observed by the minimum altitude, or by the
foreknown numeration of the pole, or by the cessation of the increment of the
meridian shadow, or by gnomons; and the shadow of the gnomon is reckoned
otherwise than if the fallacies could be avoided. The true meridian altitude of the
Sun, of all in the whole year, or the nearest to the solstice — that is, the altitudes
observed near the solstice — the minimum would be the sign of the solstice
having occurred. The solstice too, the summer one, is observed with difficulty, in
which it is scarcely possible to agree to within hours of the day, by which the
moment of the solstice is determined. Whence Ptolemy (Almagest 11, chapter 2)
says: In the solstices indeed, neither we, nor Archimedes, in observation and
calculation, have erred up to a fourth part of a day. Yet Willebrord Snellius
[Willebrord Snell] in his notes on the Hessian observations declares that the error
of a quadrant of a day, or of 6 hours, is to be avoided in the solstices. The reason
is that on the day next preceding, and on the next following the solstice, the
declination of the Sun does not exceed by 14" a second in the whole year, nor by a
third 56" [unless varies by 56”]: wherefore one must beware of an error of 6
hours in observations, unless the observations are made immune from error by 3
seconds, or a third 56”. How great a subtlety scarcely could be furnished by
observations of the meridian altitudes of the Sun on the days of the solstices,
unless they are carried through with very large instruments very exactly.

[Margin: The fallacy of observation in the solstices.]

§8. But if anyone is content with the notation of the day of the solstice, the
observation of the decrement of the meridian shadow having been omitted, and
the numeration of the time being agreeable as to the half-day...

to it, because the altitude of the pole demands, by the greatest distance, that the
points of rising in the west and rising in the east be observed in the horizon (for
these are the modes of this kind whose error in the integration of the day exposes
more than these neglected ones), the observer must take heed of the proportion
of the meridian shadow to the gnomon. He gathers, as we said above, the distance
of the Sun's limb from the zenith, on the one and the other day before, then after
that day, on which the solstice is hoped for from the ephemeris. For when the



least of all distances from the zenith has been found, that least may be had: that
day will be able to stand for the summer solstice; but if the greatest is found near
midwinter, that day will be for the winter solstice. And let the same judgment be
made concerning the meridian altitudes near either solstice, taken otherwise
than by the shadow of the gnomon.

§9. But also for the hour of the summer solstice, as nearly as may be panted after,
the continuous meridian altitudes of the Sun before and after that day must be
captured. Convert the meridian altitude into the altitude of the equator, by the
adjustment of parallax, and by the subtraction of refraction.

[Margin: For the summer solstice. 1st case.]

If it should happen that of two intermediate altitudes the remaining ones exceed,
so that they themselves are equal between themselves: the solstice will have
occurred in the middle of the intervening night, and then add to each the second
scruple 7”; and to the aggregate take away the altitude of the equator, formerly
more exactly foreknown, and so you will gain the maximum altitude of the Sun's
declination by the same operation, if the obliquity of the ecliptic should be equal;
but if it should depart from the foreknown altitude of the equator, refer the
aforesaid aggregate — for it will be useful, as will appear below.

[Margin: 2nd case.]

The second case will be: if it should happen that of three meridian altitudes, the
truest, the remaining ones being exceeded, the intermediate of the day should be
greater than the two nearest days, and these two should be precisely equal
between themselves; know that the solstice has occurred on that very meridian of
the day, and subtract the altitude of the equator from the altitude of the Sun, and
the maximum declination of the Sun will be left. Yet this case is rarer than either.

[Margin: 3rd case.]

With these two cases lacking, choose more meridian altitudes of a continuous
series of days, two of all the others greater, and differing from them, which (if the
operation is exactly done, and subtle) ought not to exceed 14"; lead through 24
hours, and divide the product by 14". For the quotient will give the hours by
which the moment of the solstice succeeded the meridian of the lesser altitude of
the preceding day, or preceded the meridian of the lesser altitude of the following
day. The moment of the summer solstice having been acquired, subtract 14” from
the greater altitudes, and subtract the altitude of the equator from the residue,
and you will have the maximum altitude of the Sun on that meridian, on which



meridian the solstice was made, to whose altitude the altitude of the equator
being subtracted, the maximum declination of the Sun is left.

[Margin: For midwinter.]

§10. For the winter equinox [recte: solstice], certain similar things must be
dispatched in the opposite manner, because then in the winter solstice, when the
Sun obtains the minimum altitude of all the others on the meridian, the
minimum altitudes are to be observed under other meridians. The first case,
then, be this: if it should happen that, among more of a continuous series of days
designated by the ephemeris as antecedent and subsequent, two intermediate
altitudes are exceeded by the rest, and the remaining two are equal between
themselves; then know that the winter solstice has been made at the middle of
the intervening night. Then again subtract 7” from each of the equal altitudes,
and from the residue again subtract the altitude of the equator, and you will
obtain the maximum declination of the Sun in that meridian.

[Margin: 2nd case.]

The second case will be: if of three true meridian altitudes captured near
midwinter, the smaller intermediate of all the others, that is, the altitudes being
lesser on two days, and the remaining two should be equal between themselves;
then know that the winter solstice has been made on the meridian of the
intermediate one, and the altitude of the equator being subtracted from the
altitude of that day, the maximum declination of the Sun is left. But this case is
rarer.

[Margin: 3rd case.]

The third case, therefore, be this: if of three meridian altitudes of the Sun
captured near midwinter, the rest being smaller, but unequal between
themselves: choose, then, two of these smaller, and lead their difference through
24, and divide the product by 14. The quotient will give the hours by which the
moment of the solstice succeeded the meridian of the greater altitude of the
preceding day, or preceded the meridian of the greater altitude of the following
day. Once the moment of the winter solstice has been acquired, subtract the
minimum altitude from the residue, and you will have, in addition, the residue:
subtract the altitude of the equator, and you will have, as still absolutely the
minimum, the minimum meridian altitude of the Sun on that meridian, on which
the solstice has been made. Therefore subtract that altitude of the equator, to
obtain the maximum declination of the Sun in that year.



Concerning the maximum declination of the Sun, and the distance of the
Tropics to be observed, and at the same time the altitude of the pole, if it is
not foreknown.

§11. Above, at numbers 9, and 10, I taught how to observe the maximum
declination of the Sun by the foreknown altitude of the pole, or its complement at
degrees 90, that is, the altitude of the equator, foreknown by some other most
exact means through the circumpolar stars. But if the moment of either solstice is
unknown, or is to be ascertained by some other means: nevertheless, when the
meridian altitude of the Sun is at its maximum in summer, and at its minimum in
winter, as above I taught is to be observed. The difference, then, between the
maximum altitude and the minimum altitude is the distance of the Tropics
between themselves; of which the half will be the maximum declination of the
Sun: and this subtracted from the maximum altitude of the summer solstice
leaves the altitude of the equator; but this subtracted from degrees 90 leaves the
altitude of the pole. Moreover, the obliquity of the ecliptic, and the distance of the
poles of the equator and ecliptic, are always equal to the maximum declination of
the Sun.

Concerning the solstices to be observed, when both the altitude of the
equator and the maximum declination of the Sun have been foreknown.

§12. If from the ephemeris deputed to the solstice itself, or to the nearest
preceding, or to the following, the meridian altitude has been found, and
corrected — if in summer the Tropic, exacted by the aggregate made from the
altitude of the equator and the maximum declination of the Sun, or in midwinter,
exacts the residue left from the subtraction of the maximum altitude of the Sun's
declination from the altitude of the equator — then know that the solstice has
been made on the meridian of that day. On the contrary, if the meridian altitude
of the Sun should differ from the aggregate required for summer, or from the
residue required for the winter solstice, by more than 14", the solstice is distant
from the meridian by more than 14" on either day; and if it is less than 14",
observe the difference, and the required difference, by 14, and divide the product
by 14. The quotient will give the hours by which the solstice is distant from the
meridian of the observation, before or after, as the increments of altitude in
summer, or the decrements in winter, will easily teach.

CHAPTERII.



Concerning the Instruments Most Suitable for Observing Subtly the Meridian
Altitudes of the Sun and of any star whatever, and especially concerning the
great San Petronio Gnomon at Bologna.

§1. It has been clearly shown by us, that in the preceding chapter we learned that
in the equinoxes the error of one hour is to be avoided, that one minute of the
first error is to be avoided, and so for excluding the error of an entire [day] in the
solstices, excluding...

that one ought to be from the observation of a quadrant of one minute, or of the
second 14"; whence consequently the error of one hour in the solstices, unless an
error of thirds 16” be employed, and unless an error of thirds 54” be avoided, or
at least an error of the second scruple — to this end, therefore, one must strive
after subtlety, that one may attain the matter of times, as the minimum may be
excluded, so far as the more certain it be: but if such a minute be admitted
without error in the matter of times. In the first place, then, one must reflect upon
the magnitude of the instruments, but a manageable one. Far hence, therefore, let
there be absent the Baculus Jacobi [Jacob's Staff], the Radius Astronomicus
[astronomical radius — the cross-staff], whether Greek or Latin, the Astrolabium,
the armilla, the Annuli [rings], the Torquetum, and other organa of this kind; and
the pendulum quadrant, which are to be moved and handled at a nod, and for
that reason cannot be of such mass that single seconds may be exhibited by a
scruple. But those organa truly succeed for this purpose, which are the Quadrans,
the Quadrant, and the Sextant, fixed in a wall —

[Margin: The magnitude of instruments required.]

§2....the Geometric, or Astronomical Sextant, or the parallactic Regula [Ruler], and
especially many Gnomones many feet [long], the Forma, the division, and the use
of some Quadrants, of Quadrants, of Sextants, and of Parallactic [rulers], Tycho
sufficiently taught in his Astronomiae Instauratae Mechanica, to which I refer the
Reader; but besides, not a few things worthy of consideration for us in meditating
upon this business.

[Margin: The minimum visible.]

For the first thing to be established is, how great is the minimum visible point, or
a discrete point, to be designated by a pointed pin, or by acute styli to be pricked,
or by a color to be painted, or by the keenness of the sight's edge, or by an
abraded section [is indicated]. But here I name no one of sound and most acute
sight among men, who can discern a point between point and point, or a point
between a little line and a little line, if they occupy the smallest space, such as the



simplest silk thread from a silkworm's cocoon could uncoil; of this thread,
however, three hundred filaments, and sixty are contained, [or] the most subtle
one chooses three hundred, of a foot of the ancient Roman [foot], or by a movable
dioptra, displayed in the work of Ezekiel at Villalpando [Villalpandus]. Therefore
in the periphery of a quadrant, or sextant, of astronomical instruments observed,
so a sight is transferred from one point to another, so that one second of arc of
one degree may be evidently discerned, the chord of this whole sight ought to
contain ten inches of the Roman foot, that it may take the said minimum
evidently visible 360, ten times, this is 3600. By however many seconds the
second scruple contains, of one degree. Nor should you say, that lines can be
obtained by transversal lines, even more subtle thirds, indeed by a quarter or by
a subdivision. For although interludes of greater length can be put in transversal
lines in the Tychonic manner, than in the peripheries of the limbs, at least so that
the interlude of those be made by a thread, or by a movable dioptra, but without
an intermediate physically sensible, if in the limb itself the spaces of the threads
do not stand farther apart than the indicated little spaces, we shall say.

[Margin: The minimum visible.]

§3. You will now ask how great the semidiameter of the instrument ought to be,
of which one degree captures the inches of the Roman foot, from center A, nearly
573. Therefore it must be of such inches nearly 573. This being so in the
schematism here adjoined, from center A, the portion BKC is described, the
portion of one degree, of which there are 360 [degrees] in the whole periphery of
the entire circle, of which the extremes B and C are connected then with the
center by straight radii, or by the straight lines AB, and AC, then between
themselves by the chord BC, the perpendiculars AK then being bisected, and
orthogonally at D, will be in BD. The sine of the angle BAD, subtending the
smallest degree, or the minute 30, and AB will be the radius, or the whole sine.
Since, therefore, BC is given as 10 inches...

[Margin: The magnitude of the instruments.]

Diagram. An isosceles triangle illustrating the geometry of an instrument's
degree-arc. The apex A is at the top (the instrument's center). Two long sides
descend to a short base. The base vertices are labeled B (left) and C (right), with
the chord BC connecting them. A vertical line drops from apex A through the
midpoint of the base, labeled D where it meets the base, and continuing to K just
below the base. The figure represents the chord BC subtending an arc of one
degree (here treated as the angle BAD subtending a half-degree, 30", with AB and
AC as the radii and AK the bisecting perpendicular.



e A (apex, top): the center of the instrument

e B (lower left vertex): one extreme of the one-degree arc

e C (lower right vertex): the other extreme of the arc

e D (midpoint of base BC): foot of the perpendicular from A
e K (below D): terminus of the bisecting line AK

§4....and BD is 5 inches, let it be made that as 30’ of minutes, the sine BD, 87265, to
the radius AK, of 10000.000 parts; so the same BD, of 5 inches, to another, will
give the semidiameter AK, of inches, as we shall say, nearly 573 [inches]. This
being so at Pedi 47%. By this method the Table here adjoined has been
constructed, for the semidiameter of an instrument suitable for one, or two, or
more seconds, as far as concerns the magnitude of the organ itself; but besides
this, the figure soon to be considered.

[Margin: The magnitude of the instruments.]

For [seconds] Feet Inch
47 & 9

2 23 10%2 [?]

3 15 10%s [?]

4 11 11

5 9 6% [?]

10 4 914 [?]

[Margin: Radius in Roman feet & inches.]

Parsing notes: The header reads "Radius Pedum Rom. & Unc. Pro" over columns
"[Pro]", "Pedes", "Uncia". The leftmost column gives the number of seconds (1-10)
the instrument resolves; the second gives whole Roman feet; the third gives
inches with fractional parts that are partly difficult to read at the right margin —
the fractions on rows 2, 3, 5, and 10 are flagged [?].

§4 (cont.). With the Instrument constructed, whose radius would be of so many
feet and inches as the optimal precision of seconds requires, and from center A,
with the described arc of a quadrant, this same arc is divided into degrees 90, or
into a sextant of 60, with such equality of intervals, and subtlety, that no sensible
interval of error be admitted; which, although it may seem easily done, demands
at least dexterity, with circumspection, such as you would scarcely find in any
Mechanic-craftsman, who at the same time has been initiated in the elements of
Geometry and Astronomy. Therefore we ourselves are not accustomed to trust



the Instrument, which either I myself, or Father Francesco Maria Grimaldi
[Francesco Maria Grimaldi] of Angeli (if it is permitted to say so, in this subtlety a
rival, indeed a divider), have divided. For the division furthermore of degrees
into the first scruple of sixty, and of minutes into the second, whether single, or
ternary, or senary, or denary; and that the intervals of these can be discerned by
the smallest unit — Tycho devised transversal lines, of which he treats in
Astronomiae [Instauratae] Mechanica, folio B 2 of the penultimate folio, because
for so long now this use has been with us; in our Sextants, or Quadrants, which
Tycho doubly named because of the division, that is, of the kind of division —
second, because it is of equal magnitude, both in radius, and in the band of the
limb, of that, which Tycho himself described at folio B 2; and he named the
Tychonic, as the maximum of his Quadrants. But afterward by the very use he
advised, not only is it too troublesome that this subdivision uses transversal lines
540, and points 9540; and so the operations are 7000, as we shall say at chapter II,
number 4, & 5; but also from so great a multiplicity the peril of error is exposed.
Therefore I chose another simpler one, of which I shall speak below, on the
occasion of the Quadrans Grimaldicus named from the Author and executor of
the division, which we devised; the Illustrious Count Carlo Manzini [Carlo
Manzini], and the most Excellent Doctor Giovanni Domenico Cassini [Giovanni
Domenico Cassini], each most outstanding not only in the Theory of Astronomy
and Geometry, but also in the practice and Mechanics of organa of this kind. Yet I
add that we are not antecedent in subdividing transversal lines, nor are the
intervals equal, as Tycho made; but the Geometric ratio requires it, unequal. For
Tycho confesses at the end of the said Mechanica, that he was able on account of
that inequality of the instrument to err by threes, and more by seconds. How
great a subtlety, that there the keenness of sight may discern in any whatsoever; at
length the instrument in no way sustains. By how much the more, therefore, did
Tycho despair of being able to attain single scruples?

[Margin: Division of degrees into scruples.]

§5. Concerning the Dioptrae [Dioptras] and Pinnacidia [Pinnules], by which the
stars are observed at night, we shall say at chapter 4 [Book IV?], chapter 5. But the
luminous body, chiefly the Sun, must be observed by a direct beam falling
collinearly into the center of the instrument, or alternately, by a thread stretched
in some way, or by two pinnules perpendicularly erected on the instrument, or
by a section of two perpendicular orthogonal threads intersecting each other in
the same plane, of which one is extended perpendicularly at the center of the
instrument, the other represents the vertical plane, or by a Cylinder, whose axis



is fixed perpendicularly at the center of the Instrument, and which is of such
thickness, that to the eye placed at the center of the Instrument the whole...

[Margin: Solar dioptras.]

the whole disk of the Sun, so that it does not obstruct it, but lets the parts be
clearly discerned as equal — the part above, say, and likewise the part below —
and does not deceive. Most often, however, the Sun is observed either by a beam
reflected from the Sun itself onto the instrument [averso a Sole intuitu], or
through a perpendicular cylinder set at the center of the erect instrument in a
small board, marking the middle of the shadow; or else by admitting the bright
image of the Sun through a small aperture and setting it likewise on a board fixed
there. By marking that middle, or by capturing the bright image of the Sun in a
proper arrangement of board, cylinder, plumb-line, needle, and so forth — and
provided that the silken threads be subtle enough — one can make out as many
seconds as there are threads on an instrument of 48 feet. And the finer the
threads, the more accurately one is brought to the very point at the center; or by
a line at whose extremity stands the other pinnule [pinnacidium].

[Margin: Examination of the Tychonic Quadrant]

But on an instrument whose radius is only 24 feet, this would require either pairs
of seconds, or a board of 9 feet to locate them upon. For if one were to lay down
so many seconds on a board, the multiplication of the error of the seconds in
proportion to the smallness of the instrument would be very great. And it is of
great necessity to us that a small shadow be cast on instruments with small
shadow; for the bright image, by reason of the diverse disposition of the boards,
deceives — to the extent that on great instruments the error introduced into the
very measurement of a foramen [aperture], or of the shadow, is so great that the
boundary of the bright image, or of the shadow, can scarcely be discerned
uniformly. The first danger of error lies in the use of it: that the measurement
comes out either too great by the middle of the bright image, or too small by its
margin, by so great a space as the silken thread [filum sericum]; or that error is
incurred in the seconds, to within a few minutes, or that error arises in
proportion as above indicated.

[The text is dense and the column-edges are tight at the gutter; the foregoing
renders the substance of §5's continuation: comparison of thread-, cylinder-, and
aperture-dioptras and the magnification of subdivision error on a small
instrument versus a large one.]



Further, on a quadrant a plumb-line, or a movable perpendicular, indicates a
single point; and a movable sight [dioptra mobilis] indicates the degrees and
minutes; and its place is fixed by the mobile dioptra. But since this very motion of
itself, on a vertical plane, requires firmness of the thread — and so a rather thick
thread, of a coarser sort than the simple silken thread — therefore some fallacy of
a few seconds is introduced into the reckoning.

Finally, I warn that it is not enough to have set up the Quadrant or Sextant stable
in its own situation, unless you are certain of the level of the pavement
[pavimentum]; otherwise, even an instrument set up at rest will, when moved
from its former situation, become a matter for investigation. Concerning the Rule
[Regula], moreover, if the instrument's other extremity has been rightly placed,
so that it stands at right angles both to the horizon and to the same vertical — this
Tycho [Tycho Brahe] proved in his Mechanica. And we ourselves likewise,
however great our industry, would frequently fall into errors of two, and even
more, minutes.

—even if we should grant a parallax of 8 minutes.

[7]

Up to this point, the things we have said tend toward this: that we first recognize
how probable is the fear of an error of one minute in Tychonic observations, as
we shall confirm both by examples and by authorities in Book 4, chapter 4. From
this I infer that astronomers who study with too little diligence are prone to incur
a second error — beyond the first — when they neglect some second error,
namely, the imperfection of our nature; and so, generally, into the scope, or the
proposed quantity, they let a declination slip. Certainly in the Altitude of the Pole,
and in observing the Equinoxes, and the Solstices, and the obliquity of the Ecliptic
— which are the primary elements and, as it were, the foundations of Astronomy
— no diligence ought to seem superfluous. Hence, all things considered, in the
perfecting of the customary instruments we run no small risk regarding the
Gnomons [Gnomones]: which some even of the ancients are known to have
employed — not only in obelisks, but also elsewhere.

[Margin: The great Altitude of Gnomons]

For although the Gnomon is nothing other than a kind of style, of which Strabo
speaks (Book 2). At Byzantium, indeed, the longest day is of fifteen equinoctial
hours, with the Quadrant. But the Aestival [summer] Solstice — the Gnomon, by
the shadow which it has at the ratio that nine has to forty-two — even though
twenty-five was assigned to it; yet to a sufficiently great extent it is gathered, from



the parts which the more discerning, and commonly the more learned, used to
require, by the division [diuisio]. Greater still was that one which Gassendi
[Pierre Gassendi] attests (in his Life of Tycho Brahe [Vita Claudii Fabricii
Peireskii]), and in the little work On the proportion of the Gnomon to the Solstitial
Shadow employed: that of Pytheas of Marseilles [Pytheas Massiliensis], which
obtained the Solstitial shadow there as 213. And likewise Gassendj, in the year
1636, made use, in the two said little works, for the Gnomon of the College of the
Fathers of the Congregation of the Oratory at Marseilles — whose roof was higher
than that of the Orgyia, about 9 feet, or 52 Parisian feet; albeit in altitude it was
reduced to another shadow-reckoning, and at the same time was divided into
parts about 90000, that is, exactly into the parts 89328. And of such a Solstitial
shadow he found it there to be 21743.

[Margin: The Gnomon of Pytheas, and of Gassendi]

Before this, at Gratianopolis [Grenoble] he employed the sphaeristerium [vault] of
the Comestabulis, whose roof for the Gnomon by his own style — at the circle of
the Orgyia, or of the said parts — exactly indeed for the particular part 64690; but
the summer shadow as 5410. By far the greatest was that Gnomon-Quadrant
which Ulugh Beg [Ulug Beigh], grandson of the great Tamerlane [Timurlanus],
employed about the year of the Lord 1437. For, as Johannes Gravius [John
Greaves] asserts in his Epistle on the Persian Tables of the Ulughbeigian (set forth
above) — to which is added that altitude of the summit of the vault of the Temple
of Sancta Sophia [Hagia Sophia], whose hemisphere at Constantinople surpasses
one hundred and eighty Roman feet. From these examples too I gathered, by the
most subtle reckoning, the Altitude of the Pole of Bologna [Altitudo Poli
Bononiensis], having weighed two Gnomons of the Temporals in this Bolognese
Gymnasium [the University of Bologna]. Of these, Giovanni Domenico Cassini
[Giovanni Domenico Cassini], at the Palace of Malatesta, set forth with me, in our
College, in the new Temple of St. Lucia, the Gnomon not under the vault, but
brought out under the open sky — those Gnomons which, with their
observations, I set forth in Book 4 (which is On the Fixed Stars, chapter 4), with
that observation made per a fixed star [per stellam] from the circumpolar
absolute, with respect to its place. But by the Equinoxes, the Solstices, the
Diameter of the Sun, and the maximum declination, we choose, from those stable
Gnomons in the Temple of San Petronio in Italy — I will not say, of all Europe, the
most outstanding — concerning which a separate discourse must be given.

[Margin: The Gnomons of Cassini, and the Authorities]



On the Gnomon in the Temple of San Petronio formerly raised by Egnazio
Danti

[De Gnomone in Sancti Petronij Templo ab Egnatio Dante olim excitato]

As the controversy was growing concerning the Precession of the Equinoxes —
which already for nearly ten whole days had been displacing the days that ought
to precede, as established in the old Calendar — and as Gregory XIII, Supreme
Pontiff, was earnestly soliciting the foremost astronomers to undertake the
reform of the form of the Calendar: the Reverend Father Master Egnazio Danti
[Egnazio Danti] of Perugia, of the Order of the Friars Preachers [Dominicans], in
the renowned Bolognese Gymnasium [University of Bologna] Professor of
Mathematics, and afterward Bishop — by the Authority of the most illustrious
Senators, namely Count Giovanni Pepoli, perpetual Prefect of the Fabric of the
Temple of San Petronio, and of his Colleagues — in the same Temple in the Year
of Christ 1576, in the Month of April, erected a vast Gnomon, to demonstrate
clearly, to those moderately learned, the anticipation of the Equinoxes and
Solstices, and other matters; observations notable in Astronomy. And this
Gnomon lasted right up to the Year 1656 — that is, for 80 years — of which
arrangement, of whatever sort, we here append the following.

(6]

Diagram. A geometric figure illustrating the San Petronio gnomon as a vertical
aperture-gnomon casting the Sun's image onto the pavement. At the upper left, a
tall shaded vertical bar (the wall/column of the temple's south side) is marked A
at its top. From A a sheaf of straight lines (the solar rays through the aperture)
descends rightward to a long horizontal base line running from B (lower left) to D
(lower right) — the meridian line laid in the pavement. Along the base, between
the foot of the vertical bar and D, are marked the points G, H, E, F (clustered near
the foot), then I, M, C toward the right end near D. Small ellipses are drawn on
the base near F, I/M, and C, representing the elliptical solar images at different
seasons. The vertical edge of the bar is AB; the meridian base is BD.

e A (top of vertical bar): top of the wall, where the aperture is

e B (foot of vertical bar): base of the wall on the meridian line

e D (far right end of base line): southern end of the meridian line

e G, H, E, F (clustered near foot of wall): points marking the summer-solstice
solar image positions

e I, M, C (toward right of base): points marking equinoctial / winter-solstice
solar image positions



AB, on the wall of the Southern side of the Temple, and on the left, was the
chosen Altitude from the pavement to the vault, namely all the way to BC. A
marble band [zona marmorea] was laid in the pavement of the Temple, whose
straightness from the Meridian line BD declined westward toward the degrees,
about 9; for if it had been constructed on the Meridian itself, Egnazio would not
have fallen into an error in the pillars, or columns sustaining the vault, or would
have come out somewhat shorter than the length of the Winter shadow, and yet
he reckoned it could be on BC itself — judging from the hour of the Equinox. The
reason, moreover, why the diameter of the aperture of Bologna is 5: in a metal
plate of a thickness of half a digit, enclosed in the wall, and to the vault of the
Temple itself. IC was the diameter of the elliptical Solar image, and as it were
Elliptical, transmitted through the said aperture on the day of the Winter Solstice;
and then AC, the radius of the lowest limb of the Sun; and Al the radius of the
highest limb. But there are also, by another disposition of the marble boards, four
little marble tablets, noted with the marks of the remaining eight Signs of the
Zodiac, one for each, so that one might know on what day the Sun would enter
them. Suppose, therefore, the marble line BC to be parallel to the Horizon, and
AB straight to the Horizon, and the quantity of each to be known: Egnazio
believed, by the quantity, that in the triangle BAC, at right angles to B, he could
know the angle BAC; by measuring the distance of the lowest limb of the Sun
from the vertex of the triangle, and likewise BI, the distance of the highest limb;
and so the Solar distance at the center, in the very Solstices of the Sun in the
winter Solstices — not otherwise in the Equinoxes, and in the semidiameters of
the Solar Solstice — observed by the quantities BG, BH, and in the Equinoxes,
observed by BE and BF. And being known, the distance of the Equator from the
vertex of Bologna, namely the Altitude of the Pole, one can know the hour of the
Equinox, and of the Solstice, and the middle of the day.

[Margin: 6 LIBER L]

But because the masons, not once in repairing the plate of the aperture A,
removed it from its former place, or inclined it, and because the pavement
frequently subsided near the side door B, and removed our measurement from
the Horizontal plane — for that reason the measure of the altitude AB, and the
length BC, and the rest, as Egnazio once handed down, or as others have handed
down, do not exactly agree with our own, except that they differ by diverse
diligence; nevertheless I am pleased to refer the Equinoctials from the point B to
the center Q of the Ellipse, and to the center V of the Solstices, and the Winter
ones from the point B, and the extreme C: the intervals of the remaining Signs are
treated by the Appendix to Tome I of our Almagestum Novum, page 736. For three



sufficient observations, afterwards recounted, of the Elliptical Diameters we add
— when we made the observation of the Sun's diameter in this Temple.

[Margin: Measurement of the Bolognese Gnomon of Egnazio]

[Table — dimensions of the San Petronio gnomon as measured by successive
surveyors. Columns: the measurers (Dimensores); Bolognese feet (Pedes Bonon.);
inches (Uncia). The first column also carries the segment label (AB, BV, BQ, BM,
BC) at the left.]

Pedes Bonon.

Dimensores [Bolognese
Segment [Measurers] feet] Uncia [inches]
AB Egnazio Danti 67 (circiter —
[about])
AB Nobis [Byus] 65 9%
BV Co.[unt] Carlo 26 0
Ant.[onio]
Manzini
BV Bartholomaeo 25 6
Pronalio
[Bartolomeo
Pronalio]
BV Nobis [By us] 25 6 [?U7?]
BQ Com.[es/ 65 1
Count]
Manzino
[Manzini]
BQ Barthol. 64 7
[omaeo]
Pronalio
BQ Nobis [By us] 64 7 22[?]
BM Com.[es] 167 7
Manzino
[Manzini]
BM Nobis [By us] 166 8 1?1
BC Egnazio Danti 170 —

BC Nobis [By us] 169 2 N7]



Parsing notes: The fractional inch-denominators in the right column are partly
obscured at the printed fraction-bar (small superscript/subscript type in the
gutter-side column); flagged [?] where the denominator could not be resolved.
The "Dimensores" column groups, per segment, the figures of Egnazio Danti,
Count Carlo Antonio Manzini, Bartolomeo Pronalio, and Riccioli himself ("Nobis").

The whole IC was once for us 4 inches and 11 %; the aperture A, as I said, partly 3
[parts], partly 4 inches of a Bolognese foot, that is, 5: therefore, of whatever sort
AB may be, of parts it would be 101. Of 100000 such parts the diameter of the
aperture A was of parts 101, or roundly 100. And its finest part is always to be
added: the length from the highest limb, and the date from the radius of the
lowest limb, that it might have a length — which agrees with the radius per the
center of the aperture A; and as we pass through, the imagination of the aperture
meets there in indivisibles, and there they cut one another.

On the Gnomon in the Temple of San Petronio lately raised by Giovanni
Domenico Cassini

[De Gnomone in S. Petronij Templo nuper a D. Io. Dominico Cassino excitato]

The Egnazian Gnomon, besides an intrinsic defect — in that it exceeded the
Meridian by some degrees [from the true meridian] — wandered by two other
defects of the times, having contracted them: namely, a disturbance of the plate
of the aperture admitting the Sun, brought about by the masons' workmanship,
and the wearing-down of the pavement by the trampling of feet, on account of
which the angle ABC, otherwise right, had become acute. And although, in our
time, it still supplied some notable uses, yet I often thought of having it restored,
and of correcting it; and about this, with certain persons to whom the fabric of
this Temple had not yet fully pertained, we sometimes consulted — among them,
the most excellent Doctor Giovanni Domenico Cassini, a Genoese, for whom the
Chair of Mathematics, and especially of Astronomy, in this Bolognese Gymnasium
[University of Bologna] had been destined. Therefore, occasion being given that
the aperture in the southern wall had to be removed, and the fabric of the rest
restored — the work having been begun, and obtained from the most illustrious
Marchese Facchinetti, Prefect of this fabric, and his Colleagues, or, by the
assumptions [made], it being at the expense of the fabric itself — it was permitted
to him to erect a new Gnomon on the very Meridian line, and at more exact
ratios, which was sought after. But that the foundation of all great things might
be a novelty, [and] solicitude for the success was a matter of consultation: D.
Cassini, doubtful regarding the ratio of some things, with that subtle ratio
undertaken in Astronomy with Geometrical certitude, which he promised he



could exhibit — I, among all the consulted and eyewitnesses, having been a
witness before, and an observer betrothed to him as initiated, and, as regards the
most subtle designation of the Meridian line, an assistant, and corroborator —
being more certain of the man's outstanding talent, and of his prudent skill, I
pronounced the business would proceed most excellently, and with outstanding
success.

[Margin: 9 — and at the column: see the following figures]

Therefore that most ingenious man saw that the Meridian could be led well
lengthwise, in such a manner that, by alternation, the columns might lie open all
the way to the wall AB, [the columns] being Boreal [northern], and the aperture
AB, in the very thickness of the Temple, parallel to the Horizon, having been
arranged so that it could be located, from a certain center of the apparatus at the
pavement — by a plumb-line, at length by titubation [wobbling], and at rest in the
spinning — he noted, on the plane of the horizontal marble of the stone, the point
D, over which perpendicularly hangs the center C of the aperture; and the
Altitude CD by wooden brackets fitted together, and likewise let down from C, in
D, and afterward...

[Margin: See the following figures]
[7]

Diagram. A geometric figure for the Cassinian San Petronio gnomon. At the
upper left a small circle marked S (the Sun) with a point P beside/within it (the
aperture-image point), from which dashed and solid rays descend rightward and
downward. Below, a short horizontal segment carries the points A, C, B (the
aperture region, with C the aperture center). The rays converge on a long
horizontal base line at lower portion of the figure, marked with the points D, M,
H, O, K and ending at L, N, E toward the right. The base line is the meridian line
on the pavement; DE is the swept length, and the rays from S/P through the
aperture strike the pavement at the seasonal image-points.

e S (small circle, upper left): the Sun
e P (point at upper left near S): the aperture/image point through which the
ray passes

e A, C, B (short upper segment): the aperture, with C its center
e D,M, H, O, K (along base line): pavement points along the meridian
(seasonal solar-image positions)



e L, N, E (right end of base): the far (winter) end of the meridian line /
extreme image positions

afterward stretched out over the horizontal plane, [the altitude CD] was
measured, and the ancient Roman feet were found again (such as Villalpando
exhibits in Ezekiel) to be 95 3%; but the line DE [was] of 238 [parts] [??]: yet, the
more expediently to serve the finding of angles, since the Radius CD is 100000, of
such [parts] it makes the Tangent DE of parts 251100; and of the aperture the
Diameter AB of parts 100. The angle CDE, moreover, is right, since the channel of
the water-level lies along the line DE, by the level [ad libellam]; and so, the
experiment having been more often repeated, by equidistances on both sides, the
marble [edges] being bound fast, provided that the line DE, at the said
equidistance, can endure for very many years. Furthermore, the elliptical Solar
image, on the Equinoctial days, occupies a longitude in three Roman feet — the
greater [feet] subtending — and in the Sky about 32 minutes; and so, degree 1
occupies feet 6 very nearly: at such a time, therefore, if in the determination of
the boundaries of the Ellipse the keenness of the knife should hit upon any
errors, it would surely come out imperceptible, and far smaller than in the
maximum Tychonic Quadrant, whose degree 1 occupied about 1 inch of a Roman
foot.

[Margin: 12]

The use of the Gnomon will become clearer by example, supposing it
demonstrated (Book 1 of the Almagestum Novum, chapter 5) with Nonius [Pedro
Nunes] and Snellius [Willebrord Snellius], that the Sun's Rays, propagated to the
earth from that very point of his, [namely] SH and SO, are sensibly parallel; and
(from the things to be demonstrated in Book 4, chapter 4) the Altitude of the Pole
of Bologna in the Temple of San Petronio to be degrees 44, 30 minutes, 20
seconds; and [the Altitude] of the Equator [to be] degrees 45, 29 minutes, 40
seconds.

[Margin: On the discrepancy of the Solar Diameters; and of the Declinations; and
of the Equinoxes]

SO LET THIS BE AN EXAMPLE
[SIT ERGO EXEMPLVM]

In the year 1656, on the 21st day of March, at midday, in the presence of expert
witnesses, the distance was observed from the point D of the plumb-line to the
boundary H of the Sun's Ellipse — that is, the Tangent DH — of parts 95225; and



to the other extreme L, the Tangent DL, 97098. But the semi-aperture AC [was] of
parts 50, and likewise CB; therefore, by the parallelism of the Rays SH and SO,
HO was as parallel as KL, namely parallel to ACB itself, of parts 50. Add,
therefore, HO — that is, parts 50 — to the Tangent DH; it was DO 95275. The
Tangent of the Angle DCO, [is] degrees 43, 36 minutes, 50 seconds [gr. 43. 36". 507],
which S of the higher limb of the Sun is the distance from the vertex.
Contrariwise, [take] the Tangent DL, deduct KL, of parts 50; there remains DK
97048. The Tangent of the Angle DCK [is] degrees 44, 30 minutes [gr. 44. 30".],
measuring the distance of the lower limb [of the Sun] from the vertex. The
difference [is] in fact 53 minutes 40 seconds [53". 40”], which gives the apparent
Solar diameter IS, of which the half [is] 15 minutes 50 seconds [15". 507]; the
added degrees 43, 30 minutes 50 seconds [43. 30". 507], give the distance of the
center P of the Sun from the vertex degrees 43, 52 minutes 40 seconds [43. 52".
407]; to which, if you add a refraction of seconds per our theses, [namely] 5
seconds [57], and at last subtract the parallax [parallaxis] 1 minute, there remains
the corrected distance of the center of the Sun from the vertex degrees 43, 52
minutes 34 seconds [43. 52". 347]. And this distance subtracted from the vertex,
[there is] left the Solar Declination [Declinatio Solis] toward the North, degrees 37,
46 minutes [37. 46".]; to which, in the Table of Declinations, according to our
obliquity of degrees 23, 30 minutes 20 seconds [23. 30". 20”], there correspond
degrees 23, 14 minutes 43 seconds of Aries [Arietis gr. 23. 14". 43”]. But the Sun (as
it was in the Equinox) [was reckoned] by collecting the Declinations of the single
minutes, the single hours of the false Equinox [aequinoctium falsum] [at] hours
17 minutes 46 [horis 17". m. 46.] before the midday of the 21st Day of March.
Likewise one must proceed in the other observations of the Equinoxes, which we
press upon in the more recent chapter following.

[Margin: Observation of the Solar Diameters; and of the Declinations; and of the
Equinoxes]

CHAPTER III
[CAPVT III]

Observations of the Equinoxes, or near the Equinoxes, from the Year 162
before Christ, up to the Year of Christ 1656

[Aequinoctiorum Obseruationes, vel prope Aequinoctia ab Anno 162. ante
Christum, vsqz ad Annum Christi 1656]

1. Ptolemy [Ptolemy] (Almagest 1.3, chapter 3) reports 9 Equinoxes, related to
Hipparchus [Hipparchus] (in the Book On the magnitude of the Year), and



observed by himself at Alexandria from the Armillae Aequinoctiales [equinoctial
armillary rings], and likewise (chapters 6 and 8) he adds 3 Equinoxes observed by
himself. But Hipparchus...

assigns these to the Years of the Third Period of Callippus [Periodus Callippi].
Ptolemy, moreover, indicates the years of Alexander for Hipparchus, and the
years respectively for these, and likewise for Nabonassar [Nabonassar], for
Adrian [Hadrian], and for Antoninus. We, from the Reformed Chronology, add in
the subjoined Table all these years, with one cumulative sum before [each], or
after; the Epoch of Christ being employed, and the days of the Julian Months
responding to the Egyptian, or to their Intercalary [days].

[Table — Equinox observations with their dates reckoned in several era-systems.
Spanning the page; the table continues below. Columns: Aequinoctia (equinox
type / observer group); years of the III Period of Callippus; years of Nabonassar;
year of Christ; Months & Days, Egyptian & Roman; parts of the Day at Alexandria.
The left margin groups the rows under the observer headings "Autumn.
Hipparchi" (Autumnal, of Hipparchus), "Verna" (Vernal), and "Ptolemaei" (of
Ptolemy).]

Menses &
Dies
Aegyptij  Diei
& partes
Romani  Alexandr
ANNI ANNI [Months iae [Parts
LABENT LABENTE Anno & Days, of the
ES—III S— Christi Egyptian day at
Aequinoc Per[iodi] Nabonas [Yearof & Alexandr
tia Callip[pi] sari Christ] Roman] ia]
Autumn. 1—17 162 586 162 Mesori
Hipparc 30. Sept.
hi 27
[Autumn
al, of
Hipparch
us]
2—20 165 589 159 1

Intercal.
Sept. 27



Menses &
Dies

Aegyptij  Diei
& partes
Romani  Alexandr
ANNI ANNI [Months iae [Parts
LABENT LABENTE Anno & Days, of the
ES—II S— Christi Egyptian day at
Aequinoc Per[iodi] Nabonas [Yearof & Alexandr
tia Callip[pi] sari Christ] Roman] 1ia]
3—21 166 590 158 1
Intercal.
Sept. 27
4—32 177 601 147 1
Intercal.
Sept. 26
5—33 178 602 146 4
Intercal.
Sept. 27
6 — 36 181 605 143 4
Intercal.
Sept. 26
Verna 7—32 178 602 146 Mechir
[Vernal] 27. Mart.
24
8 —43 189 613 135 Mechir
29. Mart.
23
9—50 196 620 128 Phame[n
oth] 1.
Mart. 23
Adriani  Nabo. Christi
[of nass.
Hadrian]
/
Alexandr

i[of



Menses &

Dies
Aegyptij  Diei
& partes
Romani  Alexandr
ANNI ANNI [Months iae [Parts
LABENT LABENTE Anno & Days, of the
ES—II S— Christi Egyptian day at
Aequinoc Per[iodi] Nabonas [Yearof & Alexandr
tia Callip[pi] sari Christ] Roman] 1ia]
Alexande
r]
Ptolema 1—17 456 880 132 Athyr 7.
ei [of (Antonini Sept. 25
Ptolemy] [of
Antoninu
s])
2—3 463 887 139 Athyr 9.
Sept. 26
3—3 463 887 140 Pachon 7.
Mart. 22

Parsing notes: This table is laid out in narrow vertical rules and packs two
parallel era-systems (Callippus-Period years and Nabonassar years) plus the Year-
of-Christ column. For the "Autumn. Hipparchi" and "Verna" blocks the leftmost
numeral pair is the observation index (1-9) followed by the year in the Third
Period of Callippus; the "Anno Christi" column gives years before Christ (the
chronology runs backward from 162 BC). For the "Ptolemaei” block the era-
heading switches to Adriani/Alexandri/Nabonassar; the row "1 — 17 / Antonini"
links Antoninus's reign. Several values verified against Ptolemy's Almagest
equinox list. The day-parts column gives the time of day
(Evening/Morning/Midday/Midnight) at Alexandria. Table continues into the
following text/page.

2. Furthermore Hipparchus — a lover of truth above all [@tAaAn6n¢ [Greek:
philaléthés, "truth-loving"]], faithfully relating to Ptolemy — confessed that the
Autumnal [equinoxes] of [observations] 2, 4, and 6 appeared by a quarter of a day
[quadrante diei] sooner than they ought; and that he had observed, by the
magnitude of the year, an error of 365 % and % — which was for the Vernal: the



Armilla appeared twice, equally illuminated on both sides, namely in the
morning, and again at the 5th hour of the day, near midday. Which defect was
attributed to the Armilla, since the rising of the Sun could be represented higher
than it really is, that is, [the Sun] ought to be said to rise. These Equinoxes — all of
them, and some others — Christmannus [Christmann] expends in Alfraganus [al-
Farghani] (page 328); Mulerius [Muller / Nicolaus Mulerius] in the Frisian tables
(figure 86); Longomontanus [Longomontanus] (Astronomia Danica 1.1, Theoretical
chapter 1); Petavius [Denis Pétau] (Book 4, On the doctrine of times, chapter 19,
and chapter 2); Lansbergius [Philip Lansberge] (in the Thesaurus, observed, class
2); Bullialdus [Ismaél Boulliau] (Astronomia Philolaica, chapter 2); and Franciscus
Levera [Francesco Levera] (Astronomy, chapter 5). To me, now, the Chronological
errors of certain men around the said Equinoxes are evident: the Fourth, indeed,
[the] Autumnal — they note [it at] the Year of Alexander 178. Albategnius [al-
Battani] (chapter 27); Regiomontanus [Regiomontanus] (in the Epitome of the
Almagest 1.2); and Longomontanus, above, on account of the version of [the era
of] Trapezus[?]...

[Margin: Chronological errors of some men]

the [era of] Trapezus[?] must be read; that is, for 178, [the] year 177. Christmann,
above, p. 341, and Boulliau, above, in his account of the Autumnal Equinoxes,
place it likewise as 177; and so does Lansberge, above, Book 3, ch. 13. As for me,
in Book 3, ch. 14, I too maintain it should be year 177, and indeed I have
demonstrated this. By contrast, the Alphonsine Tables place it in Year of Christ
147, where Pétau too errs in saying it had thus far been the third year of the
[Callippic] Period — that is, year 1 — whereas it was in fact year 31. Pétau
likewise, Book 4, ch. 26, assigns this same equinox to [Year of] Christ 147. He
notes correctly that it began in [Julian] Period 4567, namely Year of Christ 147, on
September 27, at the start of Feria 1 [Sunday]. Then he immediately adds: "In this
year, Thoth 1 of [the era of] Nabonassar 602 begins September 29. Therefore Day 31
of September; not yet had it entered Nabonassar 602. The slip of the pen is to be
excused, or the failure of memory."” But page 27 of Pétau is faulty: "This equinox
observed by Hipparchus is designated in the Year from the death of Alexander 178,
[Year of] Nabonassar 602, [Julian] Period 4567." This Year from [the death of]
Christ 147 — that is, the Day of the Equinox, September 27 — Nabonassar 178 had
not yet begun, nor Alexander 178; and besides, [Year of] Christ 147 began only
two days after [the equinox]. But it is certain that Ptolemy, in Book 3, ch. 8, and
Censorinus, ch. 8, reckon from the first day of Thoth the years both of Alexander
the Great and of Nabonassar.



[Margin: Errors of certain men: Longomontanus, p. 4; Levera, p. 4.]

Moreover, Longomontanus errs, as also does Levera, in assigning all the
Autumnal Equinoxes of Hipparchus to the year following the one to which they
truly belong, and likewise [a year off] in [the era of] Nabonassar. Levera,
furthermore, has no scruple in calling them by their relation to Ptolemy, which
Hipparchus had been [using], and erroneously names them; for in the three last
Autumnal [equinoxes] of Hipparchus he substitutes 31 for [the year] of the
Callippic Period; and for 31, he substitutes 32; and for year 31 — what is most
absurd — he gives 36; and year 33, while pursuing his own commentaries of
years, [he follows] the epilogisms. The cause or occasion of the error was the
nearness of the year of the death of Alexander — or rather it was Ptolemy's
subjection, when he followed Ptolemy and Hipparchus, because they use the first
day of Thoth, the Egyptian month, the year of the first day of Thoth of [the era of]
Nabonassar, and the beginning of [the era of] Alexander, which Christmann had
supposed in al-Farghani, p. 305, but afterward retracted, pp. 329 and 338. He
retracts this falsely: false [too] that Hipparchus took the beginning of the Callippic
years from a preceding Summer Solstice, when they were beginning the year of
the Olympiad; and likewise Ptolemy — let alone that Hipparchus should reckon
the beginning of the Callippic exordium from the [Year of] the Prutenic [Tables],
as Reinhold wishes, before [chapter] 4; Boulliau and Pétau, above, and these
clearly contradict Ptolemy, Book 3, ch. 1.

[Margin: Year 1 of the Callippic Period, that is, its terminus; for thus it would be
held in Greek; therefore around the Summer Solstice of the Callippic year 51,
when Alexander died.]

There is another cause of error in marking the Equinoxes a day too early, which
was the false supposition presupposed by Levera, p. 4. He brings out, p. 10, the
page 228 of the year 1, the first year from the death of Alexander, both Lucidus
and Saliano assign as before [Year of] Christ 321. He adduces, for Reinhold, who
nevertheless, before [chapter] 6, expressly says: "If the first day of Thoth, the year
314 before Christ, that is, the first year from the death of Alexander:" The same
Levera, p. 227, makes the first year of the Olympiad agree with Saliano's 775
before Christ, but on p. 228 he makes the first [year] of Nabonassar 747; whereas
in order that they cohere with Saliano (yet erring), he would have to make it 746;
and on pp. 214 and 235, the year conceived and the [year of the] Nativity of Christ
— in which he ought to make Christ consequently agree with Saliano — he places
as 44. He misreckons with Saliano, both, p. 20, 102, and 117, [perpetrating] false
Chronology; he draws it from himself and incurs imprudently into another false



[chronology]. For he supposes the opinion of Saliano and of those who assign the
beginning of the years of the Olympiad, Nabonassar, and Alexander to one and
the same year to be false — which in our Chronologia Reformata we have
demonstrated from the Eclipses noted among the Historians, together with a
series of Consuls and of Censorinus (wWhom the Chronologists acknowledge as
their master) [as] authority. For...

[Margin: Saliano's faulty Chronology.]

for example, [the testimony] of the Consular Fasti, which are corrupt in the first
Julian year and right up to Trajan, and certainly with the consensus of all, it is
agreed that they begin from Julian year 90. He maintains the Consuls were M.
Vinicius and Statilius Corvinus; but in these same Consuls there happened, on the
day of the birth of Claudius the Emperor — that is, on the Kalends of August — an
Eclipse of the Sun, as Suetonius and Dio relate. But that Eclipse [fell] on the
Kalends of August: in no other year of the Era of Christ does any Astronomical
Table show it, except by 45 [years] subtracted; for from the Kalends of January in
the Julian year 45 — complete — and from the 90th [year] there follows the
beginning of the Era of Christ, which I maintain to be in the Julian year 45, as
Censorinus too, ch. 8, asserts was written by him in the Book On the Day of Birth
[De Die Natali], to have been [Year of] Christ 238.

[Margin: Nabonassar and Alexander, the true Eras.]

This same author, in that very year, says the year of Nabonassar 986 there began,
and Alexander 562, so that each at noon, by exactly counting backward through
the individual years in our canon — for the years are expanded — the first year
of Nabonassar began February 26, year 747 before the Epoch of Christ, and the
first [year] of Alexander on November 12, in the year before Christ 324, together
with [year of] Nabonassar 425, since the very same kind of years runs; and by
counting backward in the same way Ptolemy [in] Book 3, ch. 8, computes — what
he says of Nabonassar — at the beginning of Alexander, that from the death of
Alexander he reckons completed years 424. Therefore the first year from the
death of Alexander began with [year of] Nabonassar 425. At last, from Censorinus
above it is established, [in] the Julian year 283 — this [year], and that we show
from the Eclipses, [Year of] Christ 238 — around the Summer Solstice the year of
the Olympiad 776 began. The first Olympiad therefore [began] around the
Summer Solstice [of the] Olympiad 776, and the year 777 [began]; and the first
[day] of the Olympiad before Christ 776, around the Summer Solstice [at] the New
Moon, current and before Christ 776. The first Olympiad began around the
Summer Solstice, year before Christ 224. Since Alexander died, the [first] year



before [Year of] Christ 324 was the Olympiad 114. Arrianus, Book 7, and
Diodorus, Book 17, indeed profess this, as Josephus too [does in] Book 1, Against
Apion; Eusebius, however, [in] Book 8 On the Preparation of the Gospel, ch. 2,
asserts that Alexander died év &pyfj T1ic ékatooTiic Kal TeEcoxpeokal[§ek&Tnc]
‘OAvpmiadog [Greek: "in the beginning of the hundred-and-fourteenth Olympiad"];
that is, in the beginning of the first year of the hundred-and-fourteenth Olympiad.
Hence it is confirmed that [Alexander] died in the year before Christ 324; and
Levera reckoned this badly, not 323; nor did Lucidus and Saliano feel correctly.

[Margin: Olympiads, the true Era.]

[Section] 5. Now from Ptolemy, Book 3, ch. 1, and Aristarchus, defining the
beginning of [year] 10 of the first Callippic Period; Aristarchus [places] the
Summer Solstice in [year] 44 [before] Alexander; therefore the Callippic Period
50, before [year] 44, is absolute; and the [year] before Alexander 44 began at the
Summer Solstice [of] the Callippic [Period] 51, since [year] before Alexander 45
[began] with [year of] Nabonassar 469; nor did it begin except on the Kalends
following [in] November, in the year before Christ 280: the period of the Callippic
years was 76; by the witnesses Geminus, Ptolemy, and Censorinus; therefore, at
the Summer Solstice it began the first Callippic Period, the year before Christ 330.
And [year] 178 before Christ — and 274 from the second [period] — and the year
17 began, in the year before Christ 162, current [and] before Christ 162: now the
year of Alexander 163, with [year of] Nabonassar 587, did not begin except on
October 3, in the very year of the Equinox; the first [equinox] of Hipparchus, day
27 September, pertains to Alexander 162. [Year of] Nabonassar 586, and so to
Christ 162; and of the rest of the Autumnal Equinoxes of Hipparchus, which few
authors have noted, except this Alexandrian beginning (which Longomontanus,
and as to the three first, Levera note).

[Margin: The true Chronology of the Callippic years.]

Albategnius' Equinox [Aequinoctium Albatenij]

[Section] 6. [al-Battani] Albategnius, ch. 27, On the Science of the Stars [De scientia
stellarum], says that the Autumnal Equinox observed by him [in] the year 1206
from the death of Alexander, on day 19 of the month Elul (that is, [the month]
Pachon), day 8 — that is, the 19th of September — before sunrise by about 4
hours 45 minutes; and within this [interval] the Ptolemaic Autumnal [Equinox]
elapsed. Egyptian years 743 elapsed, days 178, 17 hours, and 36 minutes about;
and therefore, in so great a time the Chords for finding the Equinox so far surpass
it by 7, 8, [and] 12 days. Behold, therefore, the synopsis:



[Margin: The true Era of the Olympiads.]

Table. Boxed table headed Aequinoctium Autumnale ("Autumnal Equinox"),
giving al-Battani's observation:

Year

from

death of Reduced
Alexande Hour

r [Ann.a Year of p.m.

morte Christ [Aracta
Alexandr [Anno Month Hora

i] Christi] [Mensis] [Pachon] p.m.]

1206 882 Septemb. Pachon8 13 15’

19

Remember that al-Battani, in this same ch. 27, supposes the Reduced [hour] more
easterly than Alexandria by 40 minutes of one hour. Copernicus, Book 3, ch. 13,
and Longomontanus, above, in his commentary On the Sun, have seen that the
anticipation of the Equinox is least, and so they suspect that al-Battani had a
flawed observation, the manner of which al-Battani does not disclose. And yet
Lansberge, in his Thesaurus, pp. 3 and 50, calls this observation especially
distinguished, and [says] the Reduced [hour] was 13, 14, 15; he prefers the
Reduced [hour] to be 13, 14, 15 for himself, and al-Battani contradicts him;
because the very moment of this Equinox is obtained for this same time,
[reckoning] from the manner before [given] in the Prutenic, Danish, and
Rudolphine [Tables], so that the Reduced [hour] gathers to 23, 40 after noon in the
Prutenic [Tables], but in the Rudolphine [Tables] the hour after the following
noon [is] 3, 55, which he calls intolerable errors of parallaxes, hour 2, 21; that is,
[he places it] after noon for the day 18 September, at hour 14, 21; and badly does
Scaliger add Year 884 — which he passes over with Christ 883 — contrary to
which see Pétau, Book 4, ch. 6, On the Doctrine of Times [De doctrina temporum].

[Margin: Lansberge notes this. Joseph Scaliger's faulty Chronology.]

Regiomontanus' Equinoxes [Aequinoctia Io. Regiomontani]

[Section] 14. In the Little Book of Observations [Libellus observationum] of
[Regiomontanus] and of Walther we have two pairs each, for both Equinoxes,
observations of the Sun's distances from the vertex at Nuremberg, the Altitude of
the Pole of which by Tycho's reckoning [is given in] Tomus I of his



Progymnasmata, p. 48, and [in] our Geographia Reformata, p. 49, 26. For by the
Ptolemaic [method of] Rules, or Parallactic [instrument], the elders [observed]
foot by foot [in] the year 1473, March, on day 11, at the meridian, the Solar
Distance from the vertex [was] 83600 hundredth-parts, such as the Radius — that
is, the length of either Rule — represents [as] a whole sine [of] 100000
semichords; in the Tables of Sines it gives the arc [of] Degree 49, 24, 17; which,
doubled, makes the arc 49, 24, 54 — namely [the] apparent distance of the Sun
from the vertex after our parallax in such an altitude, not exceeding the second of
parallax by 10; that is, the apparent distance of the Sun from the vertex [is]
degree 49, 24, 44; which, subtracted from the distance of the Equator from the
vertex [of] Degree 49, 26, leaves the Northern declination of the Sun [0of] 1 minute,
16; since therefore the Sun was in the sign of the Northern signs, the Equinox was
thus made now within the same hours, and the minutes before noon, by however
many minutes [the Sun] declined northward from the meridian: Therefore the
Equinox occurred at hour 21, 44, after noon of the preceding day 10. By this
method and of the same Year 1473, we have gathered the Autumnal Equinox to
have been made on day 13 September, at hour 17, 30 after noon at Nuremberg;
look upon the synopsis of each in the subjoined table.

Table. Boxed table headed Aequinoctia Regiomontani in Horis post merid.
Norimbergee ("Regiomontanus' Equinoxes, in hours after noon at Nuremberg"):

True

At True Declinati

meridian Distance on ® Equinox
Year Christ [In © [Dist. [Decl. ® [Aequino
[Anno] [Christi] meridie] © vera] vera] ctium]

M. D. Chorda G."" T D.H.’

1473 Mart. 11 83600 492444 1168B 10 22 45
1473 Sept. 14 83810 493230 630A 1317 30

Parsing notes: The declination column carries B (Borealis, "northern") / A
(Australis, "southern") markers; in the spring observation the declination is
northern (B), in the autumn observation southern (A). The "Equinox" column
gives Day, Hour, Minute after noon at Nuremberg.

if you choose the apparent distance of the Sun from the vertex as observed, add
to the true [distance] the second [of arc], 10, [for] our Parallax.



Walther's Equinoxes [Aequinoctia Vualtheriana]

[Section] 15. Indeed, I should wrongly deserve [criticism] of Bernhard Walther,
who [was] of the highest merit in Astronomy up to his old age, observing now this
and now that, then around the days of the Equinoxes, by the Parallactic Rules, the
distances of the Sun from the vertex at Nuremberg by Chords, sometimes adding
those, which [he observed] in clear light, and with diligence; in which [matters]
one may have confidence that he made [his observations] correctly from himself,
if he did not refer them hither, which [observations] of the Equinox he made;
particularly when I have seen them [were] undeservedly neglected by the
Astronomers of a later age, and so I have selected Tycho himself. The method by
which from such Chords the time of the Equinox is brought out is the same as
number 14. So, that you may enter the following Catalogue, and [to find] the
Distances of the Sun from the vertex add the second 10 of our [Parallax] in your
parallaxes, you will have the observed distance of the Sun from the vertex at
Nuremberg, or that arc which by the doubled Sine responds for each of Walther's
Chords.

Table. Large boxed table headed Aequinoctia Vualtheri in Horis post merid.
Norimbergee ("Walther's Equinoxes, in hours after noon at Nuremberg"). The
"Order"” [Ordo] column is the row index; the observation-quality notes appear
beneath each date.

Time of

observati

on from

Christ

[Tempus

observati

onis a True

Christo Reduced Distance

nato] / to 100000 © from True Apparent

Yr. Mo. [Ad vertex Declinati Equinox

D.[Ann. Radium [Distanti on ® [Aequino

Mens. D.] 100000] a ®vera [Declinat -ctium
Order / quality  (Chord)  avertice] i0® apparens
[Ordo] note [Chorda] G.'” vera]'” ]D.H.’
16 1477 83675 492746 146A 11145

Martt. 11

— Obs.



Order
[Ordo]

Time of
observati
on from
Christ
[Tempus
observati
onis a
Christo
nato] /
Yr. Mo.
D. [Ann.
Mens. D.]
/ quality
note

Reduced
to 100000
[Ad
Radium
100000]
(Chord)
[Chorda]

True
Distance
® from
vertex
[Distanti
a @ vera
a vertice]
G.""

True
Declinati
on®
[Declinat
io®
vera]

rm

Apparent
Equinox
[Aequino
ctium
apparens
ID.H.’

17

18

19

20

21

22

certa

1478
Martt. 11
Diligens
1479
Sept. 14
Diligens
1480
Sept. 14

1488
Mart. 10
— Radij
debiles
1488
Sept. 14
— Clara,
&
diligens
1489
Mart. 11
— Clara

83820

83490

84600

84090

84067

83625

49 32 58

49 2040

49 24 44

49 45 23

49 42 34

49 25 26

658 A

640 B

114 B

1723 A

16 34 A

034B

1170

146 40

14140

1017 22

137 26

10 23 26



Order
[Ordo]

Time of
observati
on from
Christ
[Tempus
observati
onis a
Christo
nato] /
Yr. Mo.
D. [Ann.
Mens. D.]
/ quality
note

Reduced
to 100000
[Ad
Radium
100000]
(Chord)
[Chorda]

True
Distance
® from
vertex
[Distanti
a @ vera
a vertice]
G.""

True
Declinati
on®
[Declinat
io®
vera]

rm

Apparent
Equinox
[Aequino
ctium
apparens
ID.H.’

23

24

25

26

diligens
1491
Mart. 11
— Non
valde, sed
sat clara

1491
Mart. 11
— Satis
clara

1491
Sept. 14
— Satis
clara
1493
Sept. 14
— Clara
eodé
instanti

1496
Mart. 11
— Clar.
sat
diligens

83940

83325

83680

83934

83785

49 37 42

49 34 26

49280

49 36 28

49320

1142 A

826 A

20A

1028 A

60A

11 41 [?]

826

13220

1313 32

13138



Order
[Ordo]

Time of
observati
on from
Christ
[Tempus
observati
onis a
Christo
nato] /
Yr. Mo.
D. [Ann.
Mens. D.]
/ quality
note

Reduced
to 100000

[Chorda]

True
Distance
® from
vertex
[Distanti
a @ vera
a vertice]
G.""

True
Declinati
on®
[Declinat
io®
vera]

rm

Apparent
Equinox
[Aequino
ctium
apparens
ID.H.’

27

28

29

30

1496
Sept. 14
— Sat
clara
diligens
valde
1501
Mart. 11
— Clara
certissim
a

1501
Sept. 14
Praeclara
certissim
a

1504
Mart. 12
— Clara

preecerta
confide

49 44 39

49500

49 39 32

48 52 43

1839 A

330A

1332 A

3317 A

13521

1190

1310 28

13917



Parsing notes: Two rows are dated 1491 Mart. 11 — the row carrying the Non
valde, sed sat clara note appears un-numbered (no Ordo), squeezed between Ordo
22 and Ordo 23, suggesting a duplicated/rejected observation; transcribed as
printed. The declination column carries A (Australis, "southern") / B (Borealis,
"northern") markers. Several entries in the apparent-Equinox column were tight
in the gutter; the Ordo-22 extra-row Equinox minute is flagged [?].

[Margin: Tycho's use of these observations.]

At Tycho, Tomus 1 of his Progymnasmata, p. 51, [and in] all the others, which he
had seen, he sets before [us his] observations; but to us, in this order, the
marginal [note] is the twentieth, and thence he gathered the Equinox to be made
[on] day Martii [March] 10, hour 15, 40, after noon at Nuremberg.

But if I had used the Tychonic parallax in that position [of] 2, 18, it would have
come out everywhere, the true distance from the vertex [being] degree 44, 41, 15,
and the Southern declination [being] 15, 15; and so at that hour the Equinox [fell
at] 15, 15. I judge, however, that it pleased Tycho [to use] 10 [for] the observed
Radius, as Walther wished; because in the year 1488 the distance was off by 100
[years], and [there was] an integer of reckoning for [the determination] of his
Vernal Equinox observation made in the year 1588, just as I am about to compare
an observation made [at] the Autumnal Equinox of the year 1588. The Autumnal
[Equinox] of Walther I have chosen, which in our order is at [number] 21, that is,
the Year 1488; from which, p. 53, I gather the Equinox at Nuremberg to have been
made [on] September 13, hour 7, 20 after noon. He differs from our reckoning by
2, and more, by hours on account of an excessive parallax of 2, 18, [which Tycho]
assumed, because nevertheless in his observations [there is], in a certain manner,
a compensation, in the order for gathering hence the quantity of the Year, on
which afterward [more]. Therefore Longomontanus, trusting Tycho, commends
the examination of these two observations in his own reckoning.

The Gelalaean Equinox of the Persians [Aequinoctium
Gelalaeum Persarum]

[Section] 31. Joseph Scaliger, Book 4 On the Emendation of Times [De emendatione
Temporum], p. 304, relates that Alp Arslan, Sultan of Khorasan or Mesopotamia,
by edict convoked eight of the most distinguished men in [his] kingdom, among
whom were Omar and Avicenna [Ibn SIna], or Avicenna, to constitute the
[Persian] Year [as] an Annus [for the] EquinoXx; and these, in the Year of the
Christian Dionysian Era 1079, namely [the year of the] Hegira 471, and at [the city
of] Sezdagird 448, observed the Vernal Equinox [on] day 14, Feria 5 [Thursday],



that is, day 18 of the month of the Persians of Arabia, [namely] Ramadan; [in the]
Cycle of the Sun 12, the Moon 16, hour 2, 33[?] after noon. He who [was] called
Oromazda [Ahura Mazda?], a Persian of the Neuri[?], Esfehani[?]; this [is] the
New Moon of the Equinox of the Imperial Persians. Boulliau also, Book 2, ch. 2,
[drawing] from the MS. of the Royal Library of Georgius [George], Chrysococca,
asserts that the Persian Tables show the true Vernal Equinox [in] the Year of
Christ 1079, under the meridian of Aleppo, by hour 1, 26, distant toward the
rising [point] by Martii [March] day 14, hour 11, 4; which Vranburgus
[Tycho/Uraniborg] thinks; and so [Boulliau] confesses [it is] his own, that is, [the]
Philolaic [Tables exhibit it the] hour 11, 27, exceeding the [Philolaic] by hour 15.
As for the true [equinox], Longomontanus in his commentary On the Sun thinks
the Equinox is not accepted from a corrected [reckoning], unless Scaliger wishes
[it] thus constituted from the Annual quantity, which al-Battani repeats, the
reckoning of years had [been] 197 % (thus correcting the Typographical error in
Longomontanus, who has 193 5); he [places] the Albatenian Equinox [in] the
Year 882, up to the Persian [Equinox] of the Year 1079, [which] flowed [from it];
on which point, the matter being pending, we cannot as yet make a firm
foundation in such an Equinox.

The Equinoxes of Cardinal Cusanus and of Prophatius
[Cardinalis Cusani, & Prophatij} Aequinoctia]

[Section] 32. Nicolaus de Cusa [Nicholas of Cusa], Cardinal, in his treatise On the
Reparation of the Calendar [De reparatione Kalendarij], affirms [in] the Year of
Christ 1290 the observation of some [men], whom he does not name, [to have]
entered the Sun into [the sign of Aries], and so by the observation it is established
by days 6, 5, 49, 16. Reinhold too, in his Theorica of the eighth sphere, fol. 168, has
these [words]: "The Alphonsine [reckoning], and so by name reprehending Petrus
de Alliaco [Pierre d'Ailly], because [their] water [reckoning] and the quantity of the
year constitute [it], with both the ancient and recent observations manifestly
conflict.” For he relates that in the Year of Christ 1290, on day 13 of the month
March, the ingress of the Sun into Aries [occurred at] 16 hours, after the
Alphonsine reckoning had been made [at] 12 hours; which relation does not
agree with Cusanus' [observation], because those 16 hours he both refers to and
underestimates, [the difference] before the preceding 12 hours, per Boulliau,
Book 3, [on] his Alphonsine Equinox: the Vernal Equinox of the Year 1290 in the
Frisian meridian, by the Alphonsine reckoning, was [at] Martii [March] 12, hour
6, 4, hour 6, 59 after noon: but if the observation [were] of the ingress was [at]



hour 16 after noon of day 13, the reckoning differs from the observation by 33[?]
hours.

[Margin: Joseph Scaliger's faulty Chronology.]

which is inconsistent [as reckoned] from the observation of day 13. Therefore, by
the Roman manner — that is, the day on which the observation was made — the
Equinox is shown [at] hour 8 after noon; that is, in the Astronomical manner,
hour 16 after the preceding noon. The same Boulliau, however, draws this sense
up to now, repeating the words of Cardinal Cusanus from below: "In the Year of
the Lord 1290, on day 13 March, the Sun is found to enter into Aries after hour 16."
But Cusanus does not say the observation was made by him, or [that it was made]
in Frisia, nor is Reinhold's consequence necessary, or [drawn] from Allacensis
[Pierre d'Ailly]. Alphonsine reckoning was able to abandon the observation, not
so much the proper [reckoning] equal to the [true] reckoning, on account of the
quantity of the Year, and of the Anomaly, and of the Prosthaphaeresis, and of a
false dissipation [diffusion] of the Meridians, and of the Equation of the natural
days, and of an excessive parallax; by these things simultaneously assumed, an
error of many hours could be brought about.

[Margin: ...Era.]

This same Cardinal Cusanus, in the same work On the Calendar, has these words:
"Prophatius too, a Jew, and some observers, [in] the Year of Christ 1303, [observed]
the Sun [entering] Aries [at] hour 14, after the middle of the night, [the] Aries-
ingress; but here Boulliau, Book 2, ch. 2, [says] that day 14 was made for the
observation, [whether] it should be understood in the Roman manner [or] the
Astronomical, [namely] that day 14 was the hour 8 after the middle of the night [of]
day 12, [or rather] after the preceding noon, [it] declaims; and the subsequent
observations, and the Alphonsine Calculus, which exhibit [the] Year 1303 — the
Equinox in Frisia [on] Martii [March] day 12, hour 11, 12, 25 after noon — [in] the
Philolaic [reckoning], which Vranburgus [Uraniborg] exhibits [as] that [of] day 12
Martii [March]; this [is at] hour 18, 35."

[Section] 33. The greater difficulty is concerning that Equinox, which the same
Cardinal in the same work adduces in these words, speaking of the Alphonsine
Tables: "Experience finds [it] as if [at] hour 13, deviating thus, that even Master
Henricus Batem of Mechelen, in [his] little book of the Tables, [following the manner
of] al-Battant by Alphonsine [reckoning], then experience taught [in] the Year 1490;
and after this, [in] many years, [at hour] 12, [the observers] erred by those same
[reckonings].” For if Cardinal Cusanus died in the Year 1464, as is established



from his Life, and from our Chronicon of the Mathematicians, which we set at the
beginning of Tomus I [of] the Almagestum Novum — how could he relate an
observation [of the] Year 1490? Boulliau, Book 3, ch. 2, in the margin notes that,
since Reinhold in his account [of the] Theory of the eighth sphere recounts the
Equinox observation [of] the Year 1346, [says] it ought perhaps to be read [in]
Cusanus' [text] as Year 1346, [rather than] for 1490; this is most weakly
conjectured, and [more] credible that Cusanus rather wrote 1460; and indeed it is
by typography easy to invert these numbers, and to set 9 for 6, p. 9. As for the rest
of the Equinox observation [of the] Year 1346, [Cusanus] says was observed [on]
Martii [March] day 12, almost two hours before noon; but he does not express the
place of the observer.

Copernicus' Equinoxes [Copernici Aequinoctia]

[Section] 35. Nicolaus Copernicus, Book 3 of the Revolutions [De Revolutionibus],
ch. 13, says: "We have observed and noted the Autumnal Equinox at Frauenburg,
[in] the Year of Christ 1515, the eighteenth before the Kalends of October; it was,
moreover, [in] the Year of the Egyptians 1840, the sixth of the month Paophi, after
sunrise by half a day.” And by this account [Copernicus] supposes the Autumnal
Equinox at Frauenburg, oriented from hour 1, and 8; he gathers the Autumnal
Equinox observed by al-Battani [Albategnius], and adds his own Egyptian years
633, days 153, and hours 6, 45; and afterward adds a few [things].

[Margin: Order.]

[Section] 36. "We received also the Vernal Equinox, which was made in the year
following from the noted Christ 1516, hour 4, and the trine, before the middle of the
night, the ninth before the Ides of March." But Tycho, [in] Tomus 1 of his
Progymnasmata, p. 34, and in the Epistles, p. 74, [says] Copernicus erred in the
declination of the Sun everywhere, by an error of 2, 45; and so by an interval the
Vernal and Autumnal Equinoxes exceeded by hours 5 %; [Copernicus] promoted
[the equinox] one way, and retarded [it] the other, by hour 2, 45, since [it was
made] in the altitude of the Pole, and the Equator he raised [too high] by 2, 45, on
account of an omission of Refraction. For Copernicus, Book 2, ch. 2, relates [the
equinox] observed by himself and others, the distance of the Tropical points not
more than 46, and 38 minutes of first [arc] about.

approximately, and the angle of section — namely of the zodiac signs — is 23°28/,
and that of two-fifths of one [degree]. Then in Book III, Chapter 2 [Copernicus]
says: "the latitude of Frauenburg was found to be 54°% scruples of the first kind
[i.e. 54° and % of a minute], 19%4." From these consequences it follows that the



Sun's solstitial altitude at Frauenburg in the winter solstice [in Bruma] was
12°12'%; and at the summer solstice [in Solstitio aestivo] 59°8v4. But the winter
[altitude], once the subtraction of refraction of 8°54' is corrected according to
Tycho [Brahe] in his Table of Refractions, would then have made the equator's
altitude come out as 35°36'3", and the pole's [latitude] 22°57" — and the obliquity
of the ecliptic 23°31'51".

But because Tycho — having sent Elias Olsen [Olaf], a man of the finest skill and
equipped with instruments, to Frauenburg — found from the circumpolar stars
that the altitude of the pole at Frauenburg was 54°22'15", he thereby concluded
that the refractions at Frauenburg had been smaller than in Denmark. Whatever
Copernicus added to the parallaxes of the Sun, and to whatever degree the use of
the instruments was [defective] in magnitude, this was the case — especially
since, on the testimony of Georg Joachim Rheticus [Rheticus] in the preface to the
Ephemerides, Copernicus had not been at all careful about seconds, and indeed
had sometimes neglected several minutes outright [in his first observations].
Therefore, on account of these uncertainties, I do not judge it worth the effort to
try to extract the true equinox of the years 1515 and 1516 from these
observations. But it is enough that one can suspect an error here of three, four, or
more hours in them.

The Equinoxes of Pitatus, Nonius, and Landgrave [Wilhelm]
of Hesse

[Margin: §37] [Margin: §38] Petrus Pitatus [Pietro Pitati] of Verona, in the preface
to his Ephemerides, relates that at Rome in 1520, together with Paolo, Bishop of
Forli [Forosemproniensis], he noted the vernal equinox to fall on the 10th day of
March, after midday, at 3h, 28m. And in 1521, likewise on March 10, at 9h17m
after midday at Rome. Petrus Nonius [Pedro Nunes] of Salacia [Salacensis], in
Book IIT of his work De observationibus, regulis et instrumentis [On Observations,
Rules, and Instruments] (Geometrical Chapter 14), asserts the distance of the two
solstitial points to be 47° in diameter. At Coimbra [Conimbrica], over many years
of observation, he found the minimum distance of the Sun from the vertex
[zenith] to be precisely 17°, and assuming the maximum declination of the Sun to
be 23° at that time, he concludes [the latitude of Coimbra to be] roughly 40°30'.

[Margin: §39] But shortly afterward he revises this. Later, however, in the year
1555 from the birth of Christ, on the 14th day of the month of September, he
found the minimum distance of the Sun itself from the vertical point to be 40°40'.
Therefore the Sun declines at the meridian of that day 10°40’ to the south; and



since near the equinoctial points the Sun declines about half a degree in a single
hour, it follows that on that 14th of September, 10 hours before midday, the Sun
was in the section of the autumn [equinox]. When in fact this is found in that
very Liber initiorum [Book of Beginnings] from the Tables of Alfonso, which the
Spaniards praise — namely Hispalensis — he had said a little before [§38]. For he
does not follow the Alfonsine [Tables], but reckons everything in agreement with
itself, and in this he agrees with many observations, as it is well established; yet
the smallness of the astrolabes and his zeal for the Alfonsine hypothesis render
his observations suspect.

[Margin: §40] The most illustrious Wilhelm [Wilhelm], Landgrave of Hesse, in the
year 1572, on March 7, took the meridian altitude of the Sun at Cassel [Kassel] to
be 38°40'7"; and from this, by [subtracting] the just refraction [iusto Byrgio —i.e.
as corrected by Jost Buirgi], the altitude of the equator is 38°40'7". Therefore from
the southward declination [declinatio] reduced to the equator [ad Austrum], it is
1°10"11". If the altitude of the Sun (as Jost Biirgi [Lansbergius] says in the
Thesaurus) you add 1°49”, who has these observations 9 [degrees], then it follows:
The Sun runs through near the equinoctial an arc of 1°10'11", in the space of two
days, and 22 hours. Therefore the true vernal equinox occurred at Cassel on the 9th
day of March at 22h11m after midday. But he gathers from his own tables that this
equinox at Cassel — he says — had been on the 9th day of March at 22h11m after
midday, entirely as the Most [llustrious Prince observed it. But Tycho [Brahe] in
Tome I of the Progymnasmata, reporting this on page 75, says that this
Landgrave's equinox was observed there at a meridian altitude of the Sun of
17°283% on March 7; and once the addition of parallax of 2°22"” and the
subtraction of refraction of 22" are reduced to the true [altitude] of 17°30'30", and
supposing the elevation of the equator there to be 38°41’, he gathers the southern
declination of the Sun to be 1°10'30". He says this corresponds to a place [of the
Sun] in Aries [0] of 27°4'34, by the calculation of his own Tables; but [it would be]
27°4'30" by the Alfonsine [Tables], 27°19" by the Alfonsine [reckoning?], and 26°36’
by Copernicus — and a difference of two [degrees], and more...

[Margin: Ordi. (Order)]



The Landgrave's Equinoxes, by Hours from the Meridian, at Cassel

True
altitude  Declinati Apparent
at on of Sun equinox
meridian —true: —D(ay)/
Year of Month —GC)/ H(our) /
Order Christ and Day  M() (N/S) (min)
41 1567 March 11 38°41 1°40’ 10°22'20"
Blorealis/
N]
42 1568 Sept. 13 38°30’ 10°2'A[us  12°13'40"
tralis/S]
(@) 1571 Sept. 13 38°46’ 5°40'B 13°5'40"
43 1572 March7 17°283%  71°50'A  9°23'30"
[?]
44 1572 March 11 39°7 3°22'40"B  9°2'30”
45 1573 March 11 38°36' 1°40'B 10°8'20"
46 1578 March 11 38°14’ 13°40'B 10°5'40"
47 1578 Sept. 14  38°23' 17°200A  15°6'40”

Parsing notes: This table is degraded; column boundaries between "altitude" and
"declination" sub-columns are hard to align, and several second-place values are
uncertain. The Declination column header reads "Declin. ® vera" with sub-
columns I /II (minutes/seconds) and a B/A (Borealis/Australis = North/South)
marker. Row marked (*) carries an asterisk rather than an order number in the
source. Values flagged for further review.

The Tychonic Equinoxes, from his own Observations

Tycho [Brahe] himself, in Tome I of the Progymnasmata, page 13, reports five
vernal equinoxes and the same number of autumnal ones, by the days of the Old
Style [of the old calendar] and by hours from the meridian, at Uraniborg, where
he determines the altitude of the equator to be 34°5'22". He uses no refraction in
calculating parallax. The parallax of the Sun [he takes as] 2°1'29". He takes the
refraction at the second [degree] as 44". Therefore when he says he observed the
equinox for himself in the year 1584 on March 9, at 2h30m after midday, this is to
say that he observed the meridian altitude of the Sun on that day to be 35°42'. For
to this, adding the parallax of 1°29”, and subtracting the refraction of 44", the



corrected altitude becomes 35°43'45"; and once the southern declination of the
Sun (21°30) which corresponds to it is subtracted from the elevation of the
equator (34°5'22"), it leaves the southern declination of the Sun as 21°30' — to
which there corresponds the hour 1°30’ for the subsequent equinox to be
celebrated.

By this method we obtain five [equinoxes]; and the aforesaid equinoxes [taken]
from Tycho — without any observations of the altitudes [retained] — will come to
us from these very Tychonic observations; but we will correct them by adding
our own parallax, which in such a situation is 16” according to the second
[degree], and by subtracting the refraction of 44". Likewise we shall make
[adjustments], by which from other meridian altitudes near the equinoxes — and
from those reported by [Longomontanus] in Book I, Theoricae, Chapter 2, in his
commentary on the Sun — emerging there, we shall distinguish the moments of
the equinoxes both according to the Tychonic parallax, and according to our own
emerging [parallax], which we shall accordingly distinguish by the characteristic
T.N.

[Margin: Ordi. (Order)]

The Equinoxes from Tycho's Observations, by Hours after Midday, at
Uraniborg

Header structure: Order | Year of Christ (Old Style) | Month, Day | Altitude
observed — M(°)/D()/G("?) | Altitude true — G(°)/I()/II(") | Declination true —
G(®)/I/II + (A/B) | True equinox — D(ay)/H(our)

Declina
tion
Altitud  Altitud vera (G True
Year Month, evisa evera I/ equino
Order (0.S) Day (M.D.G) (GIII) AB x (D H)
48 1584 Mart.9 33°42'5" 33°43'5 21°30'A 9°21'30”
0"/ [ 21°43" T /9°43
33°41'3 N
7
49 1584 Sept. 11  34°19'3  34°21'0" 16'0"B/ 12°16'0”
5" / 3°47 T/
34°19'7" 12°13'4

7" N



Declina

tion
Altitud  Altitud vera (G True
Year Month, evisa evera I/ equino
Order (0.S) Day (M.D.G) (GIII) AB x (D H)
50 1585 Mart. 34°16"  34°2'1"/ 3°19A/ 9°3'19”
10 33°59'4 5°32 T/
8" 9°5'32"
N
51 1585 Sept. 12 34°25'2  34°27'9" 21°49'B 21°214
4" / /19°36" 9" T/
34°24'5 21°19'3
6" 6" N
52 1586 Mart. 34°54'2  34°56'1 9°8'A/ 10°9'8”
10 7" 2"/ 11°21" T/
34°53'5 10°11'2
9" 1"N
53 1586 Sept. 13 34°7'13" 34°8'18” 3°58B/ 3°3'38"
/ 34°6'5" 1°25' T/
3°1'25”
N
54 1587 Mart. 33°48'3 33°502 14°16'A 14°14'1
10 9" 4" | /16°29° 6" T/
33°48'1 14°10'2
1" 9" N
55 1587 Sept. 13  33°13'1" 34°14'4 9°16'B/ 13°9'26"
6"/ 7°13' T/
34°12'3 13°7'13"
3" N
56 1588 Mart.9 33°42'0" 33°44'3 20° 9°20'45”
5"/ [?]1A/ T/
33°42'2 21°58  9°18'15”
2" N
57 1588 Sept. 11 34°18'5 34°20'5 15°15'B 12°2'15”
0" 5"/ [2 T/12°
34°18'3 [?]15" N

2"



Declina

tion
Altitud  Altitud vera (G True
Year Month, evisa evera I/ equino
Order (0.S) Day (M.D.G) (GIII) AB x (D H)
58 1589 Mart. 34°24'5 34°26'4 21°25'B  10°2'55”
11 5" 5"/ /19°12" T/
34°24'3 10°4'48"
2" N
59 1590 Mart. 34°18'3 34°202 11°0"A/ 10°100”
11 5" 0"/ 13°9’ T/
34°18'7" 10°111
3"N
60 1590 Sept. 12 34°30'1 34°32'0" 26°40'B 13°2'40"
5" / [24°27 T/
34°29'5 13°0'27"
7" N
61 1593 Mart. 34°1'30" 34°2'0"/ 9°2°A/  10°2'5”
10 34°1'2" 11°15° T/
10°4'52"
N
62 1594 Mart.9 33°56’2 33°58'5" 7°15'A/ 10°7'15”
0" / 5°2' T/
33°55'5 10°5'2"
2" N
63 1594 Sept. 13 33°6'20" 34°8'5"/ 5°2'A/  9°2'45”
34°5'53" 0°32 T/
9°0'32"
N
64 1596 Mart. 34°30'4 34°30'4" 27°10B 9°2'35”
11 5" / [ 14°57"  T/[9°23
34°271 N
7
65 1597 Mart. 34°33'1 34°33'2 31°12’A 12°184
11 0" 2" | /11°4 8"N
34°29'4

1"



Declina

tion
Altitud  Altitud vera (G True
Year Month, evisa evera I/ equino
Order (0.S) Day (M.D.G) (GIII) AB x (D H)
66 1597 Mart. 34°2'20" 34°4'50" 0°50'A/ 9°0'50”
10 / 0°32’ T/
34°4'53" 9°22'37"

N

Parsing notes: This is a very densely set five-column table with stacked two-line
cells (visa/vera split across rows) and tightly packed second-of-arc figures. Many
cells are uncertain; the "visa," "vera," and "declination" columns each carry an
upper and lower line per order-row. A/B = Australis/Borealis (South/North). T =
Tychonic, N = Nostra (our/Riccioli's) reduction. Several values flagged for further
review. The whole table is a strong

[Footnote text below the left table:] Jost Blirgi [Lansbergius] in the Thesaurus,
from so many Tychonic equinoxes, selects a single one for the verification of his
own Tables — which holds at 52’ in our order; and that [equinox] not at 9h8" after
midday — Tycho does not have it [so], but [rather] at 9h2'. As from Tycho via
[Christoph] Clavius in the Apologia Kalendarii, but at 9h34’ at Uraniborg, because
at an altitude of 34°. Tycho assumes the parallax of the Sun [to be] 2'%5, nearly;
Jost Burgi [Lansbergius], however, [takes] 2'. But [in computing the moment of]
mid-minute about the equinox in the declination of the half-hours [in
declinatione semihorarum]. Yet both [men's] parallaxes are faulty, as is evident.
[Boulliau] also, in Book II, Chapter 2, from a single Tychonic and a single
Hipparchan annual quantity, elicits [a value] — as is evident from the equinoxes
in our order, marginal [items] 5 and 56.

The Lansbergian Equinoxes

In the Thesaurus of observations, [Philip van] Lansberge [Lansbergius] draws
forth two vernal and two autumnal equinoxes of Goes [Goésae].

[Margin: Ordi. (Order)]



The Lansbergian Equinoxes of Goes, by Hours after Midday, Old Style

Declina
Year of Month, Altitud Altitud tion True
Christ  Day e visa evera vera(G equino
Order (A) (M.D.G) (GIID (GIID IID x(DH)
67 1589 Mart. 9 38°0'30” 38°2'19” 26°41'A 10°2'41”
/ / /16’ L/4°16'
38°0'44" 38°2'18" Nos
68 1589 Sept. 13 38°22'0" 38°23'4 5°12'A/ 12°184"
/ 8"/ 6°46' L/
38°23'4 38°22'1 18°17'1
8" 4" 4" Nos
69 1599 Mart. 38°13'2 38°15'9”" 13°51'A 10°13'5
10 0"/ / /13°51" 1"L/
38°15'1  38°15'2 13°51
9" 6" Nos
70 1599 Sept. 12 38°33'1 38°35'3” 6°3B/ 12°6'3"
5"/ / 4°29’ L/
38°35'3" 38°33'2 6°4'29"
9" Nos

Parsing notes: Two-line stacked cells again (visa/vera upper-lower). L =
Lansbergian, Nos = Nostra (our reduction). A/B = South/North declination. Second-
of-arc figures uncertain throughout.

[Right-column prose, top of folio 12 verso, continuing the Lansbergian
discussion:] observed by himself, and not differing by even a single second from
his own tables. But the altitude of the equator is 38°29', by the use of refraction;
nor is the parallax 1'48", but 49" — with mine never being greater [than] 14"; the
difference of these is 1'35", which varies the declination by the same amount, and
the time of the equinox by 1h35. We therefore append from Lansberge's [data],
and from our own parallax, the equinoxes, deduced from his very observations,
that they may be referred to him. Wherefore, if our parallax is the true one, his
Tables err in this place by 1h35'.

Four Equinoxes Observed in the Years 1536, 1574, 1575, 1581

[Margin: §71] I confess I ought to have reported [these] before the Tychonic ones,
but [they are] little related. So then, for the year 1536: as Daniel Santbech



[Santbechius] relates concerning the observation in Phaenomena, Proposition 11.
At Tubingen [Tubingae] the exact equinox was observed in March on the 10th
day, at that very midday — from which fact [Santbech], following Ptolemy's
vernal [equinox] and supposing Alexandria to be more eastward than Tuibingen
by 1h28 — gathers the annual equinoctial [interval to be] 365 days, 5h48'41742",
33750 10™.

[Margin: §72] In the year 1574, [Ignazio] Dante [Egnatius Dantes] of Florence
[Florentinus], in the presence of many witnesses, observed at the equinox of
March, 12 hours and 1°36'; before midday, on an equinoctial armilla equally
illuminated on both sides [as to] its cavity, he judged the equinoctial moment to
have occurred at that instant from the steady passage of the Sun across [the line]
between [it and] the north, as he relates in De Astrolabio, part 6.

[Margin: §73] Thus in the year 1575, with the instrument set up at the same place,
the equinox of March was observed at 12h4'12" after midday. Moreover, at an
altitude of the equator of 46°, my parallax [is] 10”; the same number of minutes
by which it is retarded [makes the] equinox.

[Margin: §74] In the year 1581, Cesare Lucchino [Caesar Luchinus] of Bologna
[Bononiensis] observed at Bologna the equinox of March at 11h. At the southern
meridian altitude of the Sun of 45°15'15", [recorded] in a great geometric
quadrant — as I read it in his manuscript — with a parallax of 10" added, it gives
the true altitude of the Sun here as 45°25'40"; [this] subtracted, leaves the
northern declination of the Sun as 2°45". Therefore the equinox is here elicited as
the 10th day, 2h1'15” after midday — or [at] 2h0’, if you wish, with the refraction
of 5” diminishing the altitude of the Sun.

Equinoxes Observed at Bologna by the Reverend Fathers
Giovanni Battista Riccioli [Riccioli] and Francesco Maria
Grimaldi [Grimaldi]

I had indeed thought to pass over these, after our solar observations made from
the year 1641 to 1656 by the Gnomon of S. Petronio [San Petronio] succeeded one
another — to which, on account of the magnitude of the instrument, ours must in
any case yield. Especially when, on those occasions, we determined certain
equinoxes by applying the altitude of the equator [as]...[continues]...

45°30'30", which we shall afterward teach (as in Book IV, Chapter 4) was found in
our observatory to be 45°29'50". Nor does the parallax of the Sun at such an
altitude hinder us further [from] holding [it]. These notwithstanding, it pleases



[us] — from the meridian altitudes accepted by us, and indeed assembled by the
three quadrants — at the same time to adjoin such equinoxes as ought to be
reckoned by them at S. Petronio; and [the equinox] deduced thence by the Annual
precession, which is 1h14'14”, with respect to the Julian year of 365 days. And the
refraction in the meantime — 5" — we disregard as uncertain.

[Margin: §85] Giovanni Domenico Cassini [Cassini], in the book entitled Specimen
observationum Bononiensium, quae novissime in D. Petronii Templo &c. [A
Specimen of the Bolognese Observations, most recently made in the Temple of S.
Petronio, etc.], page 10, asserts that the autumnal equinox was observed by
himself in the year 1655, on September 22, at 5h4'55" before midday, at the
apparent time, that is, on the 22nd day at 18h57'55" [?] [or 18h25™] after midday.
But neither the observation, nor the method by which it was extracted, do I
believe — because [it is] of a kind [too] high — caused [it] in [his computation of]
the equinox of 1656. He supposes, however — for both observations, concerning
which the obliquity of the ecliptic is 23°30'20", and the parallax of the Sun, [and]
the altitude of the equator observed here [to be] 45°29'40" — to be either nothing,
or scarcely sensible. Yet he communicates to us the Tangents of the distance of
the Sun's two limbs from the vertex, namely [those] of this year 1655, [on]
September 22 and 23, observed at the meridian — from which we shall elicit
those distances by the method already handed down in Chapter 2, item 13.

Year 1655, September 22 (Tangents)

Quantity Tangents G(®) /1() /1 11(")
Lowest margin of 98135 44°27'36"

the Sun [Infimi Solis

marginis]

Highest margin of 96344 43°56'0"

the Sun [Supremi

Solis marginis]

Difference of Sun = 0°31'36"
apparent diameter

[Different. ©® ©®

diamet. apparens]

Semidiameter 0°15'48"
[semidiameter]
Distance of the Sun's 44°11'48"

center from the



Quantity Tangents

G(°) /1) / 11(")

vertex [Solaris centri
distantia a vertice]

Distance of the
equator from the
vertex [Aequatoris
distantia a vertice]

Therefore the
northern declination
of the Sun [Ergo
Solis Declinat.
Borealis]

And the place of the  Np(Virgo)
Sun in the Zodiac by

the Logarithmic

Trigonometry [Et

locus Solis in

Zodiaco per

Trigonometriam
Logarithmicam]

With the obliquity of
the ecliptic posited
[Posita obliquitate
Ecliptica]

Year 1655, September 23 (Tangents)

Quantity Tangents

44°30°20"

0°18'32"

29°16'2"

23°30°20"

G(°) /1() / TI(")

Lowest margin of 99483
the Sun

Highest margin of 97672
the Sun

Apparent diameter
of the Sun [Solis
diameter app.]
Semidiameter

Distance of the Sun's
center from the

44°51'8"

44°19'29"

0°31'48"

0°15'48"
44°35'17"



Quantity Tangents G(°) /1C) / 11(")

vertex

Distance of the 44°30'20"
equator from the
vertex

Therefore the Australis (South) 0°4'57"
declination [Ergo
Declinatio]

And with the 23°30'20”
obliquity of the

ecliptic posited [Et

Posita Obliquit.

Eclipt.]

The place of the Sun 0°12'24"
in the ecliptic [Locus

Solis in Eclipt.]

Quantity Value
Therefore the true Verus (true) 0°56'22"

diurnal motion of
the Sun from day 22
to 23 [Motus igitur
diurnus Solis a die
22 ad 23]

Therefore if [the diurnal motion is] 56'22", [computing the moment] requires 24
hours in any case [for the full distance]; the distance of the Sun from the
beginning of Libra [0], which on the 23rd day was 12'24", requires 5h17’ [?].
Therefore by this method — which is Cassini's — the equinox would have been at
5h17 before midday on the 23rd day, or at 18h43’ after midday on the 22nd day.
He himself, however — I believe on account of the refraction of some seconds —
limited that to the hour 18h55'25”, from which I do not dare to depart. From
Tycho's equinox of the year 1587, which we have corrected from that number 55,
and by reductions of that kind for [the difference of] 68 years [hours 5°43'45"""],
with the days abandoned, this very equinox of the 22nd day arises at hour
18h28'6”8" — later by 27'18”52" than [the one] observed.



[Margin: §86] In the year 1656, Giovanni Domenico Cassini [Cassini], as he reports
in the aforementioned book, observed the vernal equinox at the apparent time of
March 19, at 9h50'50", after midday — by the following method: from the
observations of March 19, 21, and 23, at the meridian — for [on] the 20th and

22nd it was cloudy.

Year 1656, March 19 (Tangents)

Quantity

Tangents

G(°) /1) / 1(")

Lowest margin of
the Sun

Highest margin of
the Sun

Apparent diameter
of the Sun [Diameter
Solis apparens]

Semidiameter

Distance of the Sun's
center from the
vertex [Centra Solis
distantia a vertice]

Distance of the
equator from the
vertex

Therefore the
declination [Ergo
Declinatio]

Obliquity of the
ecliptic [Obliquitas
Ecliptica]

Therefore, by the
right-angled
spherical triangle,
the place [Ergo per
triangula spherica
rectangula locus]

99762

97940

Austrina (South)

¥ (Pisces)

44°55'54"

44°24'14"

0°31'40"

0°15'50"
44°40'4"

44°30°20"

0°9'44"

23°30°20"

29°35'36"



Year 1656, March 21, clear [serenis] (Tangents)

Quantity Tangents G(°) /1() / TI(")
Lowest margin of 97048 44°8'30"

the Sun

Highest margin of 95275 43°36'50”

the Sun

Apparent diameter 0°31'40"

of the Sun

Semidiameter 0°15'50”
Distance of the Sun's 43°52'40”

center from the
vertex [Distant.
Solaris centri a

vertice]

Distance of the 44°30'20"
equator from the

vertex

Therefore the 0°37'40”

northern declination
of the Sun [Ergo
Declinatio Solis

Borealis]

Obliquity of the 23°30'20”
ecliptic

Therefore the place [ (Aries) 1°34'30”

of the Sun in the
ecliptic [Ergo locus
Solis in Ecliptica]

(Caput III, continued — Aequinoctiorum Observationes)
§88. 1656, March 23, clear.

Tangents GI[°] I[] T[]

Of the Sun's 94407 43 11 8
lower limb
[Inferioris



Tangents G[°]

I]

T[]

Solis
marginis]
Of the Sun's
upper limb
[Superioris
Solis
marginis]
Apparent
diameter of
the Sun
[Solis
Diameter
apparens]

Semidiamet
er
[Semidiame
ter]

Distance of
the Sun's
center from
the vertex
[Centri
Solis
distantia a
vertice]

Distance of
the equator
from the
vertex
[Aequatoris
distantia a
vertice]

Therefore
the Sun's
north
declination

92683 42

43

44

49

31

15

30

35

51

37

48

19

20



Tangents G [°] I[] I []

[Ergo Solis
Declinatio
Borealis]

Obliquity of 23 30 20
the ecliptic

[Obliquitas

Ecliptica]

Therefore d 3 33 16
the Sun's

place on

the ecliptic

[Ergo locus

Solis in

Ecliptica]

Now indeed on the 19th the Sun was distant from the beginning of Aries by
24°24"; on the 21st it stood at 0 1°34'30”; and on the 23rd at O 3°33'16". Therefore
over the two preceding days the Sun's true motion on the ecliptic was 1°58'54",
half of which gives a daily motion of 59°'27”, while over the four days [from the
19th to the 23rd] it was 3°57°28", a quarter of which is again 59'27". Now since the
Sun on the 19th was distant by 24'24” — that is, its distance from its entry into
Aries requires that we compute backward — it requires 24'24" of arc; this,
traversed at a daily rate nearer to the equinox itself, gives 24 hours, and is
reckoned as 24'24". Thus the distance from the entry into Aries requires 9 hours,
50'40", or 9h50'41” p.m. Therefore Cassini states that the apparent equinox fell on
March 19 at 9h50'40” p.m. — which, by the method common to all because of the
south declination of 9°44”, would have fallen at 9h44”, as if by the first method;
but by the second method, on account of the south declination of 37°40", it would
have fallen at 17h40” a.m. of the 21st [?], that is, at 17h10” a.m. — yet this is more
subtle than the earlier method. Furthermore, if we accept Cassini's correction to
the year (which has been treated above of [?]), and from the aforesaid equinoxes
the equinoxes of several following years may be predicted, as in the table written
below — by adding to the equinoxes of individual common years 5h49’, but in a
leap year, after the said addition, subtracting one whole day from the sum.



September, after
March, after midday midday [Septembr.

Year at Bologna [Martij post post merid.] D./ H. /
[Bononise Anni] meridiem] D./H./I. L

1655 20/4/2 22 /18 /55

1656 19/9/51 22/0/44

1657 19/15/40 22/6/33

1658 19/21/29 22/13/22

1659 20/3/18 22/19/11

1660 19/9/7 22/1/0

Let us now see whether the observations of Sir Cassini, or those of associated
investigations made at the gnomon of San Petronio, correspond.

§89. Year 1656, September 22.

Tangents G [°] I[] I []

Of the Sun's 99130 44 44 59
lowest limb

[Infimi

Solis

marginis]

Of the Sun's 97335 44 13 55
highest

limb

[Supremi

Solis

marginis]

Apparent 31 24
diameter of

the Sun

[Solis

Diameter

apparens]

Semidiamet 15 42
er

[Semidiame

ter]



Tangents

G [°]

I]

T[]

Distance of
the Sun's
center from
the vertex
[Centri
Solis
distantia a
vertice]

Distance of
the equator
from the
vertex
[Aequatoris
distantia a
vertice]

Therefore
the Sun's
north
declination
[Ergo
Declinatio
Solis
Borealis]
Obliquity of
the ecliptic
[Obliquitas
Ecliptica]

Therefore 0
the Sun's

place on

the ecliptic
[Ergo locus
Solis in
Ecliptica]

44

44

23

29

§90. Year 1656, September 23.

29

30

30

57

17

20

20

22



Tangents G[°]

I]

T[]

Of the Sun's
lowest limb
[Infimi
Solis
marginis]
Of the Sun's
highest
limb
[Supremi
Solis
marginis]
Apparent
diameter of
the Sun
[Solis
Diameter
apparens]

Semidiamet
er
[Semidiame
ter]

Distance of
the Sun's
center from
the vertex
[Centri
Solis
Distantia a
vertice]

Distance of
the equator
from the
vertex
[Aequatoris
distantia a
vertice]

100495 45

98670 44

44

44

37

31

15

52

30

30

30

45

45

20



Tangents G [°] I[] I []

Therefore 22 25
the Sun's

south

declination

[Ergo

declinatio

Solis Austr.]

Obliquity of 23 30 20
the ecliptic

[Obliquitas

Ecliptica]

Therefore 0 0 56 11
the Sun's

place on

the ecliptic

[Ergo locus

Solis in

Ecliptica]

Therefore on the 22nd the Sun was distant from its entry into Libra by 2'38",
while on the 23rd it had already entered by 56'11". Hence the daily motion was
5849", which requires 24 hours; therefore 2'38" requires [...continuing on next
page...] 1°4'18". Therefore the equinox emerges from this observation as
September 22, at 1h40'28” p.m. Now in the preceding Table it had been put at
0°44". Some small inaccuracy [vitiolum] therefore lies hidden in the observation,
and in the omission of the parallaxes, or of the refractions, for from these jointly
an error of 20” could arise; and this in the time of the equinox, that is, 26’ of [time]
minutes, and at the same instant the Sun's diameter is somewhat less, which I
gathered in the accurate observations of the equinoxes — but the diurnal motion
is small. From the aforesaid precession our 11'12", concerning which see Chapter,
following, no. 10, ought to have been at 0°43'48".

§91. I add that [Hevelius] recently sent me an observation he had made: it was
indeed in the year 1654, September 23. He observed the Sun's meridian altitude at
Gdansk [Gedani] of 35°28'40", where the equator's altitude is 35°38’; from this,
neglecting parallax and refraction, there results an equinox at 9h20” a.m.



CAPVT IV.

De Quantitate Anni Aequinoctialis motuque Diurno, & Annuo Solis.
(On the Length of the Equinoctial Year and the Diurnal and Annual
Motion of the Sun)

§1. The equinoctial year is the revolution of the Sun from one of the equinoctial
points back to the same point. We have already laid down in Book 3 of the
Almagestum Novum (Almagestum Novum III, ch. 30) that a year of this kind is
always of the same length. The mutation of the apogee and of the eccentricity of
the Sun is no obstacle, for from these it does not follow that the years are
unequal, but rather that within one and the same year the Sun's motion is
unequal and the boundary-points vary, while the year is bounded by the same
species. If the equinoxes could be immediately observed, of the same species, the
matter would be without doubt; but since the equinoxes are observed with an
error exceeding 1'5”, then if we had a sufficient length for the equinoctial year to
determine past and future equinoxes for years around 1600 — before, and by just
as much after — we should arrive at greater certainty. Yet for greater security
two equinoxes of the same species ought to be chosen, of which the observations
are more certain than the others, and which are separated by the greatest
possible interval of years, observed without disturbance, among many
distributed years, and reckoned with contemptible error. Let this be that of Sir
Giovanni Domenico Cassini, who, relying on the magnitude of the gnomon of
Bologna, judged that the revolution of a single year would suffice to avoid an
error of 1’ — and four years to avoid an error of 1'5". But to avoid an error of 1" at
a single moment of the equinox, one must avoid the Sun's altitude and the pole
[Poli], from which the declination is derived: an error of one second [arises] in
the second [of declination], though indeed the magnitude of this gnomon is
abundantly secured, yet its use is rarely employed by me and others, and as it
happens to those skilled in the matter. Certainly Cassini himself, in the work
praised above on p. 18, suspects a refraction of nearly 1" at an altitude of degree
45, but it is not constant at that altitude. [Tycho Brahe], in Tome I of the
Progymnasmata, set forth an interval of 100 years, [preferring it] over the many
centuries among his observations and those of Hipparchus, Ptolemy, or [al-
Battani], which he judged slippery and untrustworthy, or implicated in the
threefold difficulties of chronology. But the observation of [Bernhard Walther]
[Bernardi Vualtheri], made on the equinox in the year 1488, he held to be much
more certain than those; and therefore he compared it with his own made in the
year 1588 — which are stated in chapter 3, order 20 and 56 — especially since, by



these means, the universal restitution of the solar course, competent for all ages,
would be measured.

[Margin: Requisita ad Annuam Quantitatem determinandam — Requisites for
determining the annual length.]

D. H. I[] T[]

From 365 5 55 12
[Hipparchu

s] to

[Ptolemy]

[Ab

Hipparcho

ad

Ptolemeaeu

m]

From 365 5 46 20
[Ptolemy]

to [al-

Battani] [A

Ptolemaeo

ad

Albategniu

m]

From [al- 365 5 49 29
Battani] to

[Tycho

Brahe] [Ab

Albategnio

ad

Tychonem]

From 365 5 47 52
[Ptolemy]

to [Tycho

Brahe] [A

Ptolemaeo

ad

Tychonem]



But if the Sun's course is sufficient, adapting it [the determination] within 300 or
400 years [suffices], and from these by collation he establishes the equinoctial
year [as] on p. 53, written below.

Of days 365, Hours 5, 48', 45", [Dier. 365. Hor. 5, 48, 45".]
[Margin: Annual length according to Tycho — Anni Quantitas Tychonica.]

§2. Sir Giovanni Domenico Cassini, in the aforementioned Specimen of
observations, p. 15, supposes Hipparchus's observations to be uncertain within a
half-day, and Tycho's within a half-hour; and that for the same reason a half-hour
[is uncertain] within a half [day]; just as is the interval of 72 years between us
and 1728. Therefore it is altogether the same as if one used the interval of 72
years between us and Tycho, as between Hipparchus and Tycho, for the interval
is 1728 years. From these positions, since indeed [Tycho Brahe], in his
Commentary on the Sun, in the year 1584, March 11, accepted as the Sun's
meridian altitude by his style [stylo] the meridian degree 54°29'55"; the equator's
altitude at Uraniborg being subtracted, 54°5’; there remains the Sun's north
declination 24°35'. But the daily mutation of declination at the equinoxes is 23'42";
therefore from the declination 24°35’ there fits 1 day, and over and above an hour
of 0°54’; and by just so much time before the perfected equinox the meridian of
the 11th [precedes], and at Bologna this fell on the 23rd. In the year 1656, the
observation and the equinoxes of the year sought by Cassini, on March 9 by the
old style, was 9h50" p.m., therefore by 72 years the year was anticipated by 13°12,
and for individual years 11’, which subtracted from the Julian year of 365 days, 6
hours, leaves the equinoctial year [as] 365 days, 6 hours, less 11’, that is, 5h49/,
which after many considerations Cassini reckons safer; and the same Petavius
elected, in Doctrina Temporum book 4, ch. 36; and Tycho in tome 1 of the
Progymnasmata, p. 12, was lacking in it.

[Margin: Annual length according to Cassini and Petavius — Anni Quantitas
Cassine & Petauio.]

§3. But I do not concede to Cassini that the equinox observed by Hipparchus is
not certain except within a half-day, with some difference of a few hours, just as
that of Tycho is certain within a half-hour, and Hipparchus himself, the equinox
assumed by Cassini from the observation of the 9th, as is clear from chapter 3,
number 48: I find Tycho's [equinox] from the parallax to have been the 9th, hour
21, 30". But our [observation], with the parallax applied, hour 23, 43", with no
parallax; hour 23, 53”; and Cassini from another observation noted above hour



23, 6”. Therefore they are not certain within a half-hour of Tycho; and
consequently it suffices that it recur at a doubled equinox over longer intervals.

[Margin: (—)]

§4. [Longomontanus] therefore, in his Commentary on the Sun, having corrected
his own principles, the equinoxes [reckoned] from the ancient [observations] of
the earlier [astronomers], chooses Hipparchus's, of which see ch. 3, num. 7: that
is, the vernal [equinox] in the year before Christ 146, March 23, hour 13, p.m.,
celebrated at Alexandria, with which he compares the equinox of 1587, observed
at Uraniborg, but at Alexandria hour 14, 56". At Uraniborg, but at Alexandria
hour 16, 31”; and on account of the unequal prosthaphaeresis [prostapharesim]
added hour 3, 56”; and on account of the unequal precession, the equinox
brought back around hour 7, and thus it reduces the equinox to hour 8, and at
hour 3, 21" p.m. [is] the meridian. Therefore in the year 1733 it anticipated the
equinox by 11 days, hour 9, 39”; but it lies open per the error of calculation [as]
hour 19, 39”; and roundly again hour 12, hour 10, 20", which, distributing over
the individual years of 1732, repeats the precession with respect to the Julian
[years] as 10'40”; and therefore the year is bounded by the Sun's course [as] D.
365, h. 5, 49', 20", vel limited on account of the course of the Moon D. 365, h. 5, 49’,
30".

[Margin: Annual length according to Longomontanus — Anni Quantitas
Longomontano.]

§5. Ismaél Boulliau [Ismaél Bullialdus], in Astronomia book 2, ch. 2, chooses the
first vernal equinox of Hipparchus, of which ch. 3, see also num. 1 of ours,
namely the year before Christ 146, March 24, where the refraction having been
subtracted, the equinox was made on the 25th hour 23; but in such a way that at
Uraniborg on the 25th hour 8§, 11/, 22, 35". At Alexandria, but at Uraniborg hour
10, 1, 35". This he compares with the equinox of '56, in the order of our chapter 3,
observed at Uraniborg March 9 hour 10, 45" p.m. — which on account of the
prosthaphaeresis is reduced to the mean equinox made on March 11, hour 11, 25,
15" — between these two equinoxes a mean equinox is gathered [as] the year of
the Egyptians 1734, days 15, hour 2, 24', 45", which time divided by the Julian
years 1733 gives the annual length written below.

D. 365, h. 5,49, 4", 21",4". [D. 365. h. 5. 49".4". 21". 4".]

[Margin: Annual length according to Boulliau — Anni Quantitas Bullialdo.]



§6. [Kepler], in the Epitome of Astronomy and in the Rudolphine [Tables]
[Rodulphinis], uses a year of 365 days, 5h48'57'36” — not expressing the manner
in which he uses it; just as neither does Lansberge [Lansbergius] in his Thesaurus
of Solar Observations at the end of Class 3, where he defines the annual Tropical
year [as] of days 365, H. 5, 48, 57", 2", 22", 24"; though even some equinox is set
forth, by which it is reckoned, yet he does not explain it. But [David Origanus?] /
Wendelinus [Vendelinus], in his letters as in his Idea of the Atlantic, sets down no
fundamentals on which he might establish the quantity of the Tropical year,
unless what he fixed in Annus Tropicus 33, having days 120539, [which is]
sufficiently precise; whence, by the by, divided by 33, gives that the year is 365
days, 5h49', 4", 27", 16"; if indeed it is what Cassini states [as] 330, [it would] yield
120539, whence indeed it is reduced to 120529, but the year [is] less than
Wendelinus's. His therefore, setting aside the dismissed [ones], who established
the year, not led by observations — our opinion we bring forth in the middle.

§7. That we may inquire into the quantity of the equinoctial year, we choose the
equinox most exactly observed at Bologna in the great gnomon of the Temple of
San Petronio in the year of Christ 1665, the 22nd day of September by the
Gregorian style, hour 18, 5, 23" p.m., as above, retaining the eternal hour with the
Sun aggregating in Cancer [in Cancri], degree 8, 35, 45", as in num. 1 of Sir
Giovanni Domenico Cassini, just as in the recent observations there held, the
eccentricity by the apparent Diameters is deprehended; and how much by our
eccentricity the whole partition is 3480, of which the Radius is 100000: it follows
in the distance of the beginning of Libra from the Apogee degree 81, 24', 15". The
prosthaphaeresis [Prostapheeresis] degree 1, 58, 17”: this mean motion having
been subtracted, but the mean being added, just as is the middle; but the Sun's
mean motion of the equinox the medium goes before; and therefore the medium
was on day 10 September by the old style, h. 18, 53, 23" p.m.; but at Alexandria,
by my Geographia Reformata, it was h. 20, 28', 5”. And it was the third year after
the bissextile [leap year].

[Margin: (—)]

§8. It is fitting now, among the most ancient equinoxes, and those observed by
Hipparchus, to choose one, and that in the third year after the bissextile; and of
which hour we can attain as great a certainty as possible. Such is that which
Ptolemy in book 3, ch. 2 reports as observed in the year 21, in the third Callippic
Period, on the first Intercalary day, hour 6 [?], that is, the night [or: at the sixth
hour, that is, the night] [...]; but Ptolemy reckoned a true equinox at Alexandria,
collocated [as]: now in our Chronological Apparatus that year [falls] before the



vulgar Epocha of Christ 158, and day 1 of the Intercalary period began at midday,
or at the end of the sixth hour, that is, September 27; therefore we have an
interval truly the longest among the equinoxes: namely [an interval of] 1812
whole years.

§9. As regards the hour of the equinox, although Hipparchus estimated that it was
made at the sixth hour, this indeed [happened] at midday itself; yet from the
preceding observations of these, [it is shown] that it preceded the meridian
moment by several hours. For Ptolemy himself narrates that Hipparchus
narrated, or preceded, [in] period 20, the third Callippic, that he had observed the
Autumnal equinox in the morning of the day before the Intercalary [day];
therefore in the morning, the Sun having risen, or a little after, he saw the
Armilla [the ring of the armillary instrument] equally illuminated everywhere
both ways, and therefore reckoned that it was then the Solar equinox [that is, by
the horizontal armilla; or one might doubt that it was necessarily so, since the
Sun had not yet appeared, when it appears to be still in the south, and crossing
the equator, when it appears at the equator; therefore that most certain equinox
is here at some particular hour, and at the Sun's rising, namely at the hours
nearest, 4, as we shall show]. But it is certain that, with all the astronomers, the
equinoctial year is said [to be] 365 hours, 5 [days] and 48" minutes [recte: 365
days, 5h48'], and certainly something obtained from the Sun's signs [as] the year
of days 365, hour 5, 49'; and granting that the equinox preceded the year of days
365, hour 5, 49'; if the equinox had been made on the 20th before the Sun's rising
— granting that it could not be on the 21st before the Sun's rising, that is, hour 2
before the Sun's rising — this is the hour nearest, that is, on the 26th of
September, or the first Intercalary, that is, hour 4 before the following midday.

Now indeed from what has been said in Book 3 of the Almagest, ch. 1, num. 8, and
from Boulliau book 2, ch. 2, it is sufficiently established that the Sun, around the
quadrant after its rising, on account of refraction, appears more southerly
[australiorem] in the circle of declination, by some 4 or 5 minutes — which
[error] of just as many minutes the [Sun's] arrival retards while it appears in the
equator; and this still in the Boreal [northern] signs is represented. Since
Hipparchus had judged the morning to be the time of the first civil intercalary
[day], and reckoned the equinox to be 20, and that in the morning the meridian
had not yet seen the Sun still Boreal, nor unless under the sixth hour it crossed to
the south, nor sooner — than 6 hours after the preceding day the equinox, that is,
the sixth hour from rising, was made the subsequent equinox. He could have
[judged]; to this deception something might contribute, the Armilla's situation, or
the placing by one or another minute declining from the plane of the equator.



Therefore let the true equinox at Alexandria in the year 158 before Christ be held
as nearly certain, [made on] September 26 in the morning, hour 6 p.m. [recte:
am.] [...]

§10. But the Sun's apogee was then, by our observations (of which below, in
Gemini degree 7, 21'), distant from the autumnal [equinox] by 112°39’; and so the
prosthaphaeresis is degree 1, 26/, 16”. Hence at the same time there fits [a
correction]: 1°, hence 6'; therefore the equinox at Alexandria was made the 24th,
hour 23, 9, 49’ at the mean equinox of the year 1655 — it was September the 10th,
hour 20, 28, 5”. Therefore the Precession of the equinox was of days 14, hour 2,
41’, 44". This having been resolved into seconds is 1219304"; and this divided over
the elapsed years 1812 gives an annual precession of 11'12".

[Margin: Ptolemeei nimia fiducia. — Ptolemy's excessive confidence.]

§11. This precession, while I weigh it with a profound mind, betrays a certain
Ideal beauty, congruent with the seventh diameter, with the integer of the seven
[intervals] in the seventh century [hebdomadas seculorum], by a multiplied
beauty of 11" and 12" over 900 years, giving exactly days 7, in which the equinox
precedes; and this so marvelous an analogy makes it not doubtful, since indeed it
is received with such great beauty, and over and above based upon the
observational foundation, that this very same secular [interval], leaning on 18,
betrays itself.

§12. Therefore, the Sosigenian days 365 having been subtracted, and the hours 6,
minus 11’ and 12", there comes forth for us the Equinoctial Year of days 365, Hours
5, 48’, 48". Resolving the dayj, it is the Equinoctial Year of days 365, in second
[degree] 31" 5698 [?]; but the common year of days 365 in second 153600". In
second 1296000". For if the Zodiac be multiplied per the common year of days
365, and divided as the equinoctial year, there comes forth the Sun's Mean Annual
Motion; but indeed the Day, the Month [vel Mensis] [...] divided per the Zodiac,
and the sum divided per the Equinoctial year, we shall have the Diurnal and
Menstrual [monthly] Motion, as below, reduced to seconds in such a way; and by
sixth [order] scrupulously [computed] in compiling the Tables to many years the
ratio is to be held.

Motu Gr.

S Sign. [°] I1] Im[] 1I IV \Y VI
Annu 11 29 45 40 30 56 1
us

[Ann



Motu Gr.
S Sign. [°] I1] (] 1II IV \Y VI

ual
moti
on]
[Mot
us
Annu
us]
Dieru
m [of
Days]
[Mot
us
Dieru
m]

1

28
30
31

0 59 8 19 48 35 25
27 35 53 14 39 36 20
29 34 9 14 16 47 30
0 33 18 14 5 23 5

= O O O

By which foundation we have constructed our Tables, to be displayed at the end
of the Work.

CAPVT III.

Solstitiorum Observationes. (Observations of the Solstices)

§1. I have said in the notes to the observations of [Snellius] [Snellij] in De
Observationibus Hassiacis, [to those] pronounced by Hercules [Herculei], that the
labor must be avoided of observing errors in observing the solstices.

[Margin: (—)]

Now indeed from what has been said in Book 1 of the Almagest, ch. 3, and from
Boulliau book 2, ch. 2, it is sufficiently established that the Sun, around the
quadrant after its rising, on account of refraction, appears more southerly
[australiorem] in the circle of declination, by some 4 or 5 minutes — which
[error] of just as many minutes the [Sun's] arrival retards as it appears in the



equator; and this in the Boreal signs is represented; for at that time the difference
of diurnal declination is of seconds 14" or 16”; by which, if the whole be in error,
the error will arise integer, even with a single minute; but the error of half a day
[arises], with an error of 6 hours; the cause [is] in the obscured altitude of the
Sun, [an error of] 4” of seconds. Whence Ptolemy had so great a subtlety of his
instrument that — as he confidently states in Book 3 of the Almagest, ch. 2— he
said: "But in the solstices we hope, neither we nor Archimedes in observation, and
by calculation up to the fourth part of the day to have erred." It is added here in
addition the uncertainty of refraction at the Sun's altitude of Bisaltimum [?]
observations being equal [for] frequent [ones], we ingest, and the sixth [part]
depending on parallax, the Sun being horizontal, which some reckon at 3'; some
at 2’; others at 1, they establish; Wendelinus [Vuendelinus] reckons 15”. We
scarcely [reckon] 30”. On account of which doubts, and the most slow [motion]
near the Tropics, the change of declinations, Ptolemy book 3, ch. 2, said: "For the
sake of antiquity, then, the Solstice of Meton and Euctemon, and afterwards that of
Aristarchus observed in our time, these are to be conferred which were of our times.
But since the Solstitial observations are discerned with difficulty, and which
equinoxes by their handing down are not exquisitely captured, they appear; what
indeed are most exquisite of the equinoxes observed by Hipparchus. We also,
[observing] a few things together, do not [adduce] from the ancients."

[Margin: Prolemeei [recte: Ptolemaei] nimia fiducia. — Ptolemy's excessive
confidence.]

§1. Ptolemy narrates, in book 3 of the Almagestum Construct.[Magnae
Constructionis] ch. 1, from Hipparchus, concerning the magnitude of the year —
[that] Aristarchus, in the year 50 of the first Callippic period, and 44 from the
death of Magnus [Alexander], which is 280 years before Christ, observed a
Solstice on a certain day, that very year [as] 152: now the year [had begun] before
Christ 432. Meton and Euctemon, with Abscondus prefect of Athens, made the
Solstice on the 21st [of] Phamenoth [?]; Scaliger book 2, De Emendatione
Temporum, p. 76, and book 5, p. 410: and Petavius in Uranologion, Variae,
discourse [differt] book 6, ch. 10, say that it was [in] the year of Nabonassar 316,
day 27, feria 1, one [day] before the Solstice: for Meton from his observation of
the True [solstice], being elected, made [it] of his own Cycle to run in, just as
Meton's day [feast] was said; and so is to be understood that Festival of Avienus
in those verses:

primam Meton ex ordio sumpsit ab anno Torrentem rutilo cum Phoebus
sidere Cancrum



[Margin: Mesonis [recte: Metonis] Solstitium. — Meton's Solstice.]

For at Athens in that year Meton's Solstice fell on the 27th day of June, hour 10,
43" after the middle of the night; the True [solstice], however, on the 28th day,
hour 19, 13". But Petavius added that, in Hipparchus's time, the Solstice [fell] in
the middle on the 25th of June; the True [as] on the 28th, and the Solstice in the
mean on the 14th. But the True, on the 25th, was wont to fall. But Lansberge
[Lansbergius] in his Thesaurus, Class 4 of solar observations, against the Syntaxis
draws back this chronological observation to that of Nabonassar (when it
behoved [him to use] that of the Athenians), gathers [it] from his own Tables, the
solstice [as] hour 16, 41’ p.m. of the 20th [of] Phamenoth, at which moment he
asserts the Sun to have entered Cancer, and therefore wishes it to have been the
True equinox [recte: solstice]; that is, the year of number changed. Certain,
however, it is to me that the 21st of Phamenoth was the 16th of June.

[Margin: Lansbergij lapsus. — Lansberge's error.]

§2. Ptolemy, book 3, ch. 2, subjoins an observation made by himself at Alexandria
of the summer Solstice in the year 463, from the death of Alexander, the day 11
[of] Mesori, after the middle of the next following night, made; he repeats ch. 4,
[that] it was the year of Christ 140, day 22 [of] June, which followed; but he places
Lansberge [Lansbergius] in his place — recently adduced — to be forgetful of the
bissextile. From the beginning of the years of Christ, to the said Solstice there are
full Julian years 139. Common months 5, day 24, hour at Alexandria 13, 17'. As to
the apparent time, but as to the True the hour [is] 13, one before the middle of the
night. But he ought to have taken the months of the bissextile year. See our
Chronological Apparatus.

[Margin: Lansbergi error. — Lansberge's error.]

§3. [Bernhard Walther], at Nuremberg [Norimberge] in the year 1478, by Christ's
[reckoning], observed by the rules of Parallaxes on the 11th of June, exactly the
partition [altitude] of 44°80” [?]; and the same most exactly on the 13th of June,
hour 44°80” [?]. Hence it follows that the Sun equally declined in either meridian
from the equator; and therefore the Solstice, and the maximum declina-
[...continues next batch]

[Margin: Vualtheri [recte: Vualtheri] Solstitia. — Walther's Solstices.]

[the maximum declina]tion fell on the meridian of June 12. Yet the chord
corresponding to it, with our parallaxes subtracted, leaves the true distance of the
Sun from the vertex of Nuremberg as 25°56'29"; from this, subtracting the true



declination, namely 23°29'36" — the latter being from the observations of Cassini,
23°29'20" — it follows that on June 11 and 13 it was 44" short of the maximum,
which would require these to be 44” apart; and so the solstice occurred either on
the 10th or the 11th of June. But if we wish to retain that figure of June 12, on
account of the equality of declination between June 11 and 13, and also to retain
the maximum obliquity of the Sun at the vertex as 23°30'20", then the true
distance of the Sun from the vertex must have been 25°56'55"56™[?] as seen,
whereas it was seen as 25°56'1” — and so on that reckoning the solstice occurred
at 44876"[?]. Or certainly the altitude of the pole of Nuremberg was 49°26'28",
unless the parallaxes are increased, and indeed at such a latitude by 53'[?]. One
may see how slippery and tangled the solstitial observations are.

§4. In the year 1487, the same Walther, at the same place, on the meridian both of
December 13 and of the 14th, observed by strong rays [per Radios fortes], and
with diligence. The chord of the distance of the Sun from the vertex was 118790,
the partition being 25°56'29". Therefore, from the equal declination it follows that
the winter solstice was celebrated between the mid-moment of the two, that is,
between December 13 and 14. But if anyone wishes, through the perplexities of
refraction and parallax — from the altitude of the pole and the obliquity of the
ecliptic discussed above — to track down the diverse timing of this solstice, he
will only distract his mind without profit.

§5. In the year 1490, the same Walther, on June 11 and 12, by a clear and diligent
observation [Clara, & diligenti observatione], obtained the meridian distance of
the Sun from the vertex of Nuremberg. The chord, the partition being 44900 —
therefore, from this equality, it would follow that the summer solstice occurred at
the middle of the night intervening between June 11 and 12. So, in the same
Epilogism, since the result emerges far more diverse and perplexed, although it
pleases [Riccioli] to exercise himself in such calculations, I have set down the
chosen observations of the solstitial days for Walther by adding the arc
corresponding to the chords, and the declination as seen there; the altitude of the
pole is 49°26'.

Solstitial Observations of Walther at Nuremberg.



Note Distance

added by of Sun
Yearsof Walther To from Declinati
Christ (in the Radius vertexas on of Sun
(Yr. M. Observat 100000 seen as seen

Order D.) ion) (Chord) (Deg.””)  (Deg.’")

1476 certain 44890 255629 232931
Junij 12 [certa]
1478 exactly 44890 255629 232931
Junij 11 [exacte]
Junij 13 exactly 44890 255629 232931

[exacte]
Dec. 11 strong 118760 725115 232515

rays,

dilig.

[Radij

fort.

dilig.]
1487 Dec. strong 118790 725230 232630
13 rays,

dilig.

[Radij

fort.

dilig.]
14 strong 118790 725230 232630

rays,

dilig.

[Radij

fort.

dilig.]
1488 Dec. clear, 118780 72528 23268
11 diligent

[Clara

diligens]
1489 clear, 44890 255629 232931
Junij 12  diligent

[Clara



Order

Years of
Christ
(Yr. M.
D.)

Note
added by
Walther
(in the
Observat
ion)

To
Radius
100000
(Chord)

Distance
of Sun
from
vertex as
seen

(Deg."")

Declinati
on of Sun
as seen

(Deg."")

1490
Junij 11

Junij 12

Dec. 12

Dec. 13

1493 Dec.

13

1496 Dec.
11

1498
Junij 11

diligens]
clear,
diligent
[Clara
diligens]
clear,
diligent
[Clara
diligens]
clear,
diligent
[Clara
diligens]
clear,
diligent
[Clara
diligens]
clear,
diligent
[Clara
diligens]
very
clear &
dilig.
[Clar.
valde
dilig.]
very
clear &
dilig.
[Clara

44900

44900

118790

118788

118800

118800

44890

2556 15

2556 15

72 52 30

72 52 25

72 5215

72 52 55

2556 29

232945

232945

2326 30

23 26 25

23 26 55

23 26 55

232931



Note Distance
added by of Sun
Yearsof Walther To from Declinati
Christ (in the Radius vertexas on of Sun
(Yr. M. Observat 100000 seen as seen
Order D.) ion) (Chord) (Deg.””)  (Deg.’")

valde

dilig.]
1500 remarka 44883 255614 232914
Junij 11  bly

certain

[Preeclar

a certiss.]

Junij 13 very 44890 255629 232931
clear &
dilig.
[Clar.
valde
dilig.]

Parsing notes: The "Order" column is left blank for all Walther rows in the source
(the ordinal sequence 7-17 is used in the adjacent Tychonic table, not here). The
June observations (small zenith-distance ~25°57’, chord ~44890) and the
December observations (large zenith-distance ~72°52', chord ~118xxx) are
interleaved by date, not grouped; the year column carries a year only on the first
row of each block (1476, then 1478, 1487, 1488/89/90, 1493, 1496/98/1500), with
blank year-cells continuing the prior year as printed. All chord values and the
December declination-degree column ("23") were resolved on further re-read (:
118760 /118780 /118788 /118790 / 118800 and 44883 / 44890 / 44900 confirmed;
no chord cell remains [?]. Two rows are transcribed as printed and flagged as
suspected source/observation outliers: 1500 Junij 11 (chord 44883 with Dist.
25°56'14" | Decl. 23°29'14", anomalously low against the recurring June 44890 /
23°29'31") and 1493 Dec 13 (Dist. 72°52'15" paired with Decl. 23°26'55", which
breaks the December seconds-matching pattern and may be a compositor carry-
down from the 1496 row).

[Margin: Note for Refraction.] If the observations of the winter solstices are
correct, taking the correct altitude of the pole of Nuremberg and the correct
obliquity of the ecliptic, that is, the maximum declination of the Sun as 23°30'20",



with our parallax of 14", then at an altitude of the Sun of 17° the Refraction at
Nuremberg never on those days exceeded 4'40"; indeed it was often only 3'26"[?],
and sometimes, if the observations were made at the very moment of the solstice,
less than that. For the difference between the seen declinations is not so great,
and at most can be referred to Refraction.

§6. Egnatius Dantes [Egnazio Danti], in a folio work which he published on the
use of the great Gnomon erected by himself at Bologna in the Church of San
Petronio, says that in the year 1576, on December 11, he reached the maximum
declination of the Sun at the extreme edge of the solar image; and that on the
following day it diminished, so that he discovered the winter solstice to have
fallen between December 11 and 12. The same man, however, earlier, namely in
the year 1570 at Florence, had observed the maximum declination in both
[solstices]; he reports the Sun's solstitial declination in Part 2 of his Astrolabe
(Chapter 24), but he was deceived as to the maximum.

From the Tychonic Solstitial Observations, I have selected four summer and three
winter ones, handed down partly in Longomontanus Book 2 of the Theoricae, in
[Riccioli's] Commentary on the Sun; partly from Father Alberto Curzio [Albert
Curtz] of our Society, who transmitted them to me from an autograph of Tycho,
out of his singular liberality. Assuming the altitude of the Equator established at
Uraniborg by Tycho as 34°5'30" [recte: the co-latitude], and our parallax of 7”, in
the apogee[?] of altitude as 57%; our obliquity of the ecliptic as 23°30'20". The
solstices, however many, I shall indicate among the winter solstices.

Tychonic Observations Selected on Solstitial Days.

Years of

Christ,

Days in

old style  Altit.

(Yr. M. seen (G.’ Altit. true Declinati Solstice

Order D.) ") (G." on true p.m.

7 1586 573536 573543 233013 1113
Junij 12

8 1587 573430 57347 23297 121
Junij 14
1589 573550 573557 233027 111
Junij 11

9 Per 573545 573552 233022 110



Order

Years of
Christ,
Days in
old style
(Yr. M.
D.)

Altit.
seen (G.’

")

Altit. true Declinati

(G."")

Solstice

ontrue  p.m.

10

Tychonic
1p.
quadr.
volub.
1593
Junij 11

1589 Dec.

15

1590 Dec.

10

1594 Dec.

10

1589
Junij 12
Per
Tychoni

Per
Volubil.

Per
Armillas
&

57350

10 44 48

1043 15

104110

57 3550

57 3550

57 3545

57357

57 3557

57 3557

57 3552

232937 123

23 30 27

23 30 27

23 30 22

232950/
23 30

Parsing notes: The Tychonic table's "Order" column carries the ordinals 7, 8, 9, 10
(grouping rows). The right two columns ("Declinatio vera" and "Solstitij p.m.") are
sparsely filled and several lower rows give only a declination value; alignment by
column position. The bottom block records alternative instruments for the 1589
reading — resolved on further re-read () as "Per Tychonici p[er] quadr[antem]
volub[ilem]" (by Tycho's revolving quadrant), "Per Tychoni," "Per Volubil[em]"
(by the revolving quadrant), and "Per Armillas &" (by the armillae) — with the
trailing "23 29 50 / 23 30" being two declination variants (the second printed
without a seconds figure). The three December "Altit. visa" readings (1589, 1590,



1594) are given without corresponding true-altitude or declination entries (blank
as printed, not illegible).

§11. Lansberge [Philippe van Lansberge], in Class 1 of his Observations, recounts
the solar [observations] made in the year 1589. Apart from the two observations
noted on certain days, the solstitial altitudes accord with the southern meridian
of the Sun, taken just as Goesa[?]. But afterward he claimed, by his own peculiar
ingenuity and the highest skill[?], to have detected the solstitial altitude before,
just as after.

[Margin: Lansberge's Solstice.] In the year of Christ 1599, June 11, at hour 17, after
midnight at Goesa, when likewise he reckoned the Sun to have entered Cancer by
his own Tables, but since at an altitude of the Sun of 62° he allows a parallax of
1'4” — which is nothing unless 1'[?] — he erred by nearly a whole minute, and
most of all in the hours at the solstice.

§12. In the year 1636, the solstice observed at Marseilles [Massilia] before himself
by Claude Fabri de Peiresc [Nicolas-Claude Fabri de Peiresc], in the College of the
Fathers of the Oratorian Congregation, is recounted by Gassendi both in the Life
of the same Peiresc, and in Epistle 3 to Wendelin [Govaert Wendelen], now
published at The Hague, printed after Gassendi's Astronomical Institution.
Therefore in the said College he erected a Gnomon, of an alternate height —
others give it as Parisian feet 32, others as 90000 or 89328 parts — afterwards
divided, and the shadow of the highest edge of such [a Ghomon] in the meridian
on June 19 was found to be 31766 parts. But at the meridian on the 20th it was
31753, and on the 21st 31759, and on the 22nd 31752, on which day a parallax of
nearly 1'4” occurs, which is nothing unless 1%2". He erred by almost a whole
minute, and in most of the hours at the solstice.

[Margin: Gassendi's Solstice.] In the year 1636, the Marseilles solstice was
probably, from Tycho, in the 10th minute of the first degree of Cancer, and he had
diminished the declination by about two...

[two] seconds; that this [shadow] could be reckoned as that solstitial partition
31750, from which he gathers the solstitial altitude of the Sun, insofar as it
surpasses the highest margin by 70°24'59"; and, the semidiameter being added,
the partition is 1'4"[?]; and, the parallax of Wendelin being subtracted of 20", he
gathers the true altitude of the center of the pole[?] of the Sun as 70°11'15". In the
rest of Epistle 3, edited likewise there, he confesses that on account of the
variation of the meridian line by the magnetic deviation it was a false altitude of
the Sun, and that the altitude ought to have been corrected to 70°12'16"; indeed,



from our parallax of 14", it comes out as 70°12'4". Wherefore, if the polar altitude
at Marseilles in our Reformed Geography stood at 43°20', it would have been the
declination 23°32', which however Gassendi gathers as smaller elsewhere. From
this, nevertheless, we cannot gather the moment of the solstice with certainty.

§13. In the year 1644, June 21, Albertus Linemann [Albert Linemann] reckoned
the meridian altitude of the Sun as 58°47'30", at Konigsberg in Prussia
[Regiomontum Prussiae], where he asserts in the memory of the age 7°8'8". From
this the declination would be 21°50’; but our parallax is greater, by 16”. On
account of the uncertainty whether parallax corrected the altitude, the moment
of the solstice remains uncertain.

[Margin: Linemann's Solstitial Observations.] [Riccioli], in Book 3 of the Almagest
[Almagestum Novum], Chapter 27, [recorded] the solstices of the years attempted,
but laboring with some little defect of instrument and an excess of parallax
compared with the altitude of the pole, which does not exceed 69°[?], not by 5" or
6"”. And we then used a false altitude of the pole; whence in our Observatory it is
found, with these corrected, to yield the solstices more emended, as below.

Solstices observed by Us at Bologna.

Declin. of Solstice

Years of  Altit. Sun (Gr. after
Christ (A. seen (G.' Altit. true 23.%?)( meridian

Order M.D.) ) (G.”M ") (D.H.)

14 1643 6900 6906 3016 21652
Junij 21

15 1644 685958 6903 3013 2012 42
Junij 20

16 1645 685954 685959 309 20 18 32
Junij 20

17 1646 685950 685955 305 21140
Junij 20
Junij 21 6905 69010 30 20 2100
Junij 22 685950 685955 305 2022 20

Parsing notes: The declination column is headed with the constant degree value
"Gr. 23." (with what appears to be a fraction or "30" prefix); only the minutes and
seconds vary by row (30 16, 30 13, etc.), so the full declinations read 23°30'16",
23°30'13", etc. The "Solstice after meridian" column is day/hour/minute (D. H. ).



Ordo 17 spans three observation rows (June 20, 21, 22) all under the single year
1646. All cells resolved on further re-read (); the final-row "Solstice after
meridian" cell reads 20 22 20.

From this last solstice we are quite certain that the altitudes of the Sun found on
June 20 and 22 are altogether equal at the meridian itself; therefore the altitude
of the day of the 21st is certain. With second-order parallax added of only a few
seconds, by 5”, whence we are confirmed in the maximum declination of the Sun
of 23°30'20”; and on what day the 20th and 22nd were 15" short, the difference
between them then being 14" a day — therefore by 15" it would require 14 hours;
wherefore on the day added to the 20th, the solstice would fall on the day 21,
hour 1, 40" after the meridian. And at the same reasoning, taking June 21 short, it
would fall on the day 21, hour 1, %; this is the meridian; or on the day 20, hour 21,
20’ after the meridian. Altogether, keeping the middle day, the solstice was at the
meridian.

There follow now the Observations of Dom. Io. Dominicus Cassini [Giovanni
Domenico Cassini], who has it thus in a Book published at that time, inscribed
Specimen Observationum Bononiensium, page 3: "In the year 1655, on the day June
21, in the Summer Solstice, in the Church of San Petronio at Bologna, at an
altitude of the Bolognese feet of 71, we observed the distance of the Sun's center
from the vertex at the meridian point itself, 20°50'50".

"But the distance of the Equator from the vertex is 44°30'20". Therefore the
apparent distance of the Sun from the Equator [its declination] is 23°30'30". The
distance of the Sun from the Tropic [Tropicus], and the Parallax in this case, are
imperceptible: wherefore it retains the maximum solar declination of 23°30'30".
Since, however, the marble band [fascia] of the Ghomon, and the iron, were not
yet finished — and these designations marked on the sides themselves — to
examine the faculty I reserved for myself, as I gather from page 19; therefore in
his autograph, and in the document most liberally communicated to me for his
Truth, no less than [out of love] toward us...

[with] love and with study, it is thus read: "I examined the observation of the day
June 21 of the year 1655, the solstitial [observation] impressed on the sides, which
I more evidently recognized, and I found the distance of the lower margin of the
Sun from the vertex — the Tangent — to be not 38904 but 38909; and of the
upper, not 37860 but 37870. Thus then:

Gr. rn

Of the Tangent 38909. ARC 211538



Gr. rn

Of the Tangent 37870 2044 30
Difference & Solar Diameter 0318
Semidiameter 01534
Distance of Sun's center from 2104
vertex

Distance of Equator from vertex 44 30 20

Therefore the declination of the 233016
Sun then was

Because the distance oftheSun 004
from the start of Cancer is
added

Therefore the maximum 2330 20
declination of the Sun

[Margin: Maximum Declination of the Sun.]

"This is afterward confirmed from the emended solstitial altitudes of Tycho. Now
if on that day it were 4” short of the maximum declination, and required 14", it
would require hours 24, and a quarter; that is, by 4" it would require hours 6.12":
by which the solstice would have fallen after the meridian of day 21. On account
of the omitted parallax, however, the parallax is the same, and there is a
somewhat dubious connection of the observation; this observation will seem
postponed, as soon as from the same Authors, etc.

"From the same year 1658, the solstitial observation, and the documents, which I
shall presently show from the same Autographs and documents."

In the year 1658, June 20.

Gr.""
19 — Tangent of the lowest limb 21 15 44
of the Sun 38912
Tangent of the highest 37876 2044 40
Apparent Solar Diameter 0314
Semidiameter 01532
Distance of Sun's center from 21012

vertex as seen



Gr. rn

True, to us 2107
Distance of Equator from vertex 44 30 20
Declination of Sun then 233013

In the same year 1658, June 21, more accurately.

Gr.""
Tangent of the lowest limb of 211542
the Sun 38911
Tangent of the highest 37871 20 44 32
Apparent Solar Diameter 03110
Semidiameter 01535
Distance of Sun's center from 2107
vertex as seen
True, on account of our parallax 210 13
514"
Distance of Equator from vertex 44 30 20
Therefore the true declination 23 30 18%
of the Sun
And the maximum solar 233020

declination being placed

The solstice was on the day June 21, hour 11, 45'. Hour after the meridian.
Because if the solstice of our year 1646, and by our Revolutions it ought to have
been hour 21, 45', 5", 12"; therefore I still allow a parallax of 1%2", because that one
[allows] 5" in this way, or 6". It rarely satisfies the Epilogisms of Astronomers. It is
necessary, therefore, to correct the Tangents of day 20, so that the true
declination comes out as nearly 23°30'7".

CAPVT VL

Observations of the Obliquity of the Ecliptic, or of the
Maximum Declination of the Sun.

[Obliquitatis Ecliptica Observationes, seu Declinationis maxima Solis.]



§1. Pytheas of Marseilles [Pytheas Massiliensis], who flourished in the age of
Alexander the Great, who died in the 113th Olympiad — that is, in the year 324
before Christ — as many gather from Strabo, who says that the writings of
Pytheas were difficult to be credited. It was reported by Aristarchus, a disciple of
Pytheas, in the time of Scipio, who lived around the 140th Olympiad, the year
before Christ 216; if indeed it was Pytheas, of whom Polybius, while Scipio,
questioning the Massilians, contends — as Gassendi cites in his Epistle 3 to
Wendelin: it is Pytheas, referring to Gassendi in the Life of Claude Fabri de
Peiresc, who in the year 1636 observed at Marseilles the proportion of the
solstitial summer shadow to the Gnomon, as 209 to 600, that is, as 412%s to 120.
From these two sides...

[Margin: Order.]
[Margin: Pytheas.]

[a right] angle is gathered: the altitude of the highest limb of the Sun as seen,
70°47'42"; to which if we add the semidiameter of the Sun, 155", there remains
the true altitude of the Sun's center as seen, 70°32'41"; and from this, subtracting
the Marseilles altitude of the Equator, 46°40’, there remains the maximum
declination of the Sun as 23°52'41". Yet Gassendi thinks Marseilles to have had
that proportion easily as great as Gassendi himself found, of partition 42% — the
Gnomon being 120, or partition 1750, the Gnomon being 89328. Whence the seen
altitude of the highest limb of the Sun comes together as 70°25'59"; and at the
center, 70°10'54"; and the seen 70°10'58"; and the maximum declination of the
Sun as 23°30'58". But Gassendi, from that place, and from Epistle 2 to Wendelin
(which he inscribes On the Proportion of the Gnomon to the Solstitial Shadow),
concedes that it was at one age and another expressly that observation of
Pytheas. Only Strabo, Book 2, under the end of Hipparchus, brings forward the
proportion of the Gnomon to the summer shadow as 120 to 42; but, on the
contrary, a fifth, namely that Byzantium was thought by Hipparchus to be in the
same parallel in which Marseilles, on account of the same proportion of the
Gnomon at Byzantium as at Marseilles by Pytheas — therefore the same is
believed observed at both places nearly, although it differs a little, yet not soon
emended out of Ptolemy, who in Book 3 of the Almagest, Chapter 6, [reports it]
from Pytheas, or from Hipparchus; he affirms Marseilles, where the Gnomon
being to the summer shadow as 209 to 60, that is as 120 to 41%s, nearly; to which
the aforesaid altitude of the highest limb of the Sun corresponds, 70°51"7". From
the shadow of the Equator the said altitude of the highest limb of the Sun follows,
47°1'5"; and at the center of the Sun, 47°46'0"; but it was seen as 47°46'5" — as



great as the Equator of Marseilles, which was found from the fixed stars by
Gassendi, unless by 46'40” nearly; whence it is easy to gather that the trifling
errors which were observed are not at the very moment of the equinox or the
solstice, but at the moment after taken for the Equator, or the solstice.

§2. Hipparchus, in Snellius [Willebrord Snell] Book 2 of Eratosthenes the
Batavian, under the end, handed down the equinoctial shadow at Byzantium to
the Gnomon, repeated as 111 to 120; therefore by the laws of right-angled plane
Triangles, the altitude of the highest limb of the Sun is 47°13'45". Again, through
Strabo, Book 2, the Gnomon at Byzantium in the Summer Solstice has the same
proportion to the shadow which 120 has to 42, less a fifth. Therefore by the same
laws the altitude of the highest limb of the Sun is 70°47'42". From these
differences of altitude follows the obliquity of the ecliptic, or the difference of the
Solar declinations of the Summer [solstice] from the Equator and the equinox,
none other than 23°33'57" — in the time of Hipparchus, not to say of Strabo, who
flourished under Tiberius. How much it would err in these two doubtful minutes,
the difficulty of avoiding these errors teaches, even in this age, unless we use the
highest diligence. But if you heed Pliny, who in Book 6, Chapter 34, [says] that in
the parallel of Byzantium the Gnomon yields shadows in the ratio of 9 to the
equinoctial Gnomon, and that the equinoctial Gnomon yields shadows of 8 feet,
the altitude of the highest limb of the Sun would be 48°12’, whence subtracting
the declination of 24°24'42", the maximum declination of the Sun comes out as
23°48 — and this is ridiculous. But Pliny gives the reasoning of the whole Climate,
and does not speak of the shadow of the Gnomon at Byzantium, but of the
shadow of the Climate, in which Byzantium, Rome, etc. nearly are.

§3. The ancient observations, which defined the distance of the Tropics from the
Equator as 24 degrees, we can thus interpret, since it does appear in a greater
degree, 23%; if they chose a round number 24 rather than 23%. So Geminus
reckons the equinoctial distance from both Tropics, of partition 47, as great as the
whole meridian is 83%; that is, 23°51'20” for the distance of the Sun from the
Tropics. So Eratosthenes and Hipparchus, in Ptolemy Book 1 of the Almagest,
Chapter 9, [say] that from the summer Tropic to the equinoctial Equator are parts
24 [recte: differently]; and afterward, seeing it to be in a smaller degree, 24 and a
greater of 23%;, they said that the distance between the Tropics themselves is
nearly partition 11, as great as the whole meridian is 83%; this is the distance of
the Tropics 47°40'40"; and the distance of the Equator from the Tropics 23°51'20".

§4. For Eratosthenes, with Scipio, assumed the proportion of the solar rays —
abusing that opinion of the distance of the Equator and of the Tropics, with the



magnitude of the Terrestrial circumference — but did not insert it. The method of
Eratosthenes is set forth by Cleomedes Book 1, the Cyclic Theory, Chapter 10, and
from him by Petrus Nonius [Pedro Nunes] Book 2 On Observation, page 132, and
by Willebrord Snell the Batavian Chapter 9, in a far better scheme than the
dialogue 2 of Maurolyco On Cosmography; or from Maurolyco, Clavius Book 1 of
the Sphere. But since at that very source of Cleomedes we have drawn
Eratosthenes' own method, then we shall set forth other experiments; and lastly
from his observation we shall derive the Distance of the Tropic from the Equator
corrected.

First, Eratosthenes — and with him Cleomedes — assumed Alexandria A, and
Syene B, to be under the same meridian. Secondly, the arc AB to be among the
towns five thousand stadia. Thirdly, that the rays sent down to different parts
differ; the Tower of parallels [parallelos]...

Diagram. A geometric figure at the lower right of the page illustrating
Eratosthenes' measurement of the Earth's circumference. At the top, two nearly
parallel slanting lines run from upper right (point C) down toward the left; D is at
the upper left end and C at the upper right, forming the line of the Sun's rays.
From these descend lines to a lower assembly: a small circle (representing the
Earth) with center F, on which points are arranged. Around the circle the letters I,
B, G, H, K, L, E mark the scaphe (bowl-sundial) and gnomon positions at
Alexandria and Syene; A and E mark the parallel rays' endpoints near the upper
region.

e D (upper left): endpoint of one solar ray

e C (upper right): endpoint of the other solar ray

e A (left, mid-height): top of the gnomon / endpoint of parallel ray
e B (right of circle): a point on the rays meeting the circle

e [ (above circle): point on ray near the scaphe at Alexandria

e G (on circle): point near center-line of the circle

e H,K L, E (left/lower around circle): points marking the scaphe
(hemispherical bowl HEI) and gnomon AG

e F (center of circle): center of the Earth

The figure accompanies the text describing Eratosthenes' construction: ray CB
produced to the imaginary radius toward the Earth's center F; gnomon AG set in
the scaphe (the hollow hemisphere HEI); the angle EGF at Alexandria equal to
angle BFG (the arc AB subtended); from which the arc AB is shown to subtend
7°12" of the whole circle, hence the whole Earth's circumference is 250000 stadia.



(Two labels — the small interior points near G — were difficult to resolve and are
given by best reading.)

[Margin: Gassendi.]
[Margin: Pytheas.]

thus Cleomedes expressed, and the radii [drawn] from the Sun's center C, and to
Syene, and DE, from the highest extreme limb of the Sun, to the scaphe E at
Alexandria, to be among the parallels. Fourthly, a straight line drawn through the
parallels to make alternate angles equal, the angles being made equal; and so, the
imaginary radius CB being produced to the Earth's center F, alternate at
Alexandria on the day of the Summer Solstice the gnomon, or style AG, of the
scaphe, that is, of the hollow hemisphere HEI; and so, the style being continued to
the center F, the straight line FG, to fall in the parallels CF and DE. Therefore the
angle EGF is equal to the angle BFG. Fifthly, therefore, the arc AB, subtended by
the angle BFG, is equal to the arc AE, subtended also by the angle AGE. Sixthly,
Syene to be under the summer Tropic, since the Gnomon at the meridian of the
Summer Solstice casts no shadow at all for 300 stadia. With these established, on
the day of the Summer Solstice he noted that Eratosthenes had observed the arc
AB, marking the shadow EA, terminated at the ratio DE in the bottom of the
scaphe at Alexandria; circling about, he found there the fiftieth part of the whole
little circle, this is 7°12'. He concludes therefore that the arc AB also is 5000 stadia,
and is of degrees 7°12’; therefore the whole Earth's circumference is 250000
stadia.

But the first and principal error of Eratosthenes, which even the good Cleomedes
acknowledged, was in the parallelism. For Geometers have demonstrated the
falsity, and Cleomedes subjects it: that the rays from the different solar parts, and
to the diverse parts of the Earth, are not parallels; since indeed the rays of which
one is propagated from the center, the other from the margin, even if one falls on
the place B, the other...

Liber I — De Sole (continued)

Caput VI — Observations of the Obliquity of the Ecliptic, or
the Maximum Declination of the Sun (continued)

[Riccioli continues his critique of Eratosthenes' measurement of the Earth's
circumference, carrying over from the previous folio.]



to the point K, the rays would strike almost at the quadrant BK, and at such a
distance they could not even appear sensibly parallel, because the Earth's
semidiameter KF is not equal to the physically true semidiameter of the Sun,
since the latter exceeds and contains terrestrial dimensions five and a half times
over. From Ptolemy's data, in our judgment and as Snel [Snellius] reports earlier,
the Sun's diameter is 33 and a little more times the Earth's diameter [Almagestum
Novum 1.3, ch. 5]. At all events the truth of the demonstration is not destroyed: by
Nonius [Pedro Nunes] and Snellius (cited above, 1.3, ch. 5), the rays CB and CGL,
drawn from the same point of the Sun and from a different part of the Earth's
surface, cannot be assumed parallel. For if the rays CB and CGL are parallel, then
by means of the gnomon AG, the apex G, and the chord G, it must happen that,
the angle BFG being equal to the angle AGL — and so equal to the arc AB — the
arc EL, which is as great as the angle EGL, that is, equal to the angle CGD,
subtended at the Sun's semidiameter (namely the minute 1°5’[?]), and observed in
our parallaxes (and these too must escape detection [recte: must be set aside]),
the arc AL must necessarily come out as gr. 7. 27'. 5”. And yet this arc AB, namely
"the summer tropic" or the Syenian summer zenith, and "the vertex of Alexandria
in Egypt," is, at the vertex of Alexandria, distant — and Ptolemy affirms [Almagest
[.5] — and the great Syntaxis [Almagest] ch. 12 and 13, and book 4 of the
Geography ch. 5, table 13, places it distant from the Equator by gr. 30. 58'. He says,
then, in the demonstrated chapter 12, that from the point of the vertex of
Alexandria to the equinoctial line there are demonstrated 30. 58'. By thus
subtracting the arc AB, falsely supposed by Eratosthenes to be gr. 7. 12', from the
tropic, or from the equator, gr. 23. 46’ remain. But what came out at gr. 23. 51".
20", Eratosthenes asserted, came out at gr. 23. 51'. 20", [Riccioli notes:]
Eratosthenes wished the altitude of the Pole at Alexandria to be gr. 31. 3. 5. [?]

[Margin: The true obliquity of the ecliptic according to Eratosthenes, gr. 23. 51'.
5".] [The Latin margin reads: Vera obliquitas Eclipticce Eratosthenis 23. 51. 5.]

Hence, by subtracting the true arc AB gr. 7. 27'. 5, the true distance of the tropic
from the equator at Eratosthenes' time comes out as gr. 23. 31'. 5", with the
parallax set aside, gr. 23. 31". Therefore why Ptolemy, wishing to retain the
altitude of the Pole at Alexandria, and the distance of the tropic from the equator,
took the latitude as the maximum at gr. 20. 6, in such a way that the obliquity of
the ecliptic was at that time gr. 23. 46". As we said, this came out about 20 minutes
less than Ptolemy supposed, and as we said in Geography 1.7, and in Geographia
Reformata 128 [recte: CXXVIII = 128], we shall say when treating of the
observations of the Moon's latitudes.



§5 — Ptolemy, Almagest 1.2, ch. 6, parallel 11. In the Geography 1, ch. 23, parallel
10, he says that the maximum day in Rhodes — and from observations the
altitude of the Pole there is gr. 36 — cannot be assembled here; the maximum
declination is gr. 23. 51". He used this same maximum declination in his Tables,
and likewise Ptolemy in the Prima Mobilia [recte: Almagest] places the altitude of
the Pole at gr. 36, and the semidiurnal arc corresponds to hr. 7. 15’; and the
diurnal arc hr. 14. 30'.

§6 — Pappus of Alexandria, who flourished about the year of the Lord 390, in his
Mathematical Collections 1.6, theorem 35, assumes for his demonstrations this
hypothesis: that the diameter of the sphere has the same proportion to the diameter
of the summer tropic as 629 has to 529; and likewise that a straight line drawn
from the center of the sphere to the center of the summer tropic has the same
proportion to the semidiameter, namely as 115 to &c. Where Commandinus
[Federico Commandino] adds in his commentary: the maximum right sine of the
declinations is of the degrees 23. 51', and is 23924, the semidiameter of the sphere,
on which we hold the maximum declination, is 60000 &c., or it is 39874, of the kind
in which the semidiameter is 100000, so that it is clear from the Tables of Sines.

[Margin: Pappus' opinion on the obliquity of the ecliptic.] [Latin margin: Pappi
sententia de Obliquitate Ecliptica.]

But this could not be otherwise unless the maximum declination were gr. 23. 51'.
20", as Ptolemy wishes, or because it follows from Pappus' time gr. 23. 50'. If his
sine were such, the long-different semidiameter would be 40468, since it is clear
that Pappus also followed that maximum declination, which Ptolemy and
Eratosthenes before him had taken.

§ — Albategnius [al-Battani], ch. 4, asserts from the knowledge of the fixed stars
that he, diligently as far as could be done, observed the distance of the Sun from
the vertex at midday to be a minimum of gr. 12. 26'; the maximum, by contrast,
gr. 59. 26'; and he stated the distance of the tropics between themselves to be gr.
47.10’; and from the equator gr. 23. 35’; and thus indeed the distance of the
tropics gr. 23. 35'. And although it could happen that in all five minutes others
should appear differently, it does not seem to me impossible — indeed very...

[Margin: Albategnius' observation.] [Latin margin: Observatio Albateny.]
easy. Moreover, he flourished about the year of Christ 880.

§8 — In the year of Christ about 1070, Arzachel [al-Zarqgali] the Spaniard related
the distance of the tropic from the equator as gr. 23. 33". And in the year 1140,



Almeaon [Albumasar / al-Ma'min's astronomers?] of Almansor, item gr. 23. 33
30". And in the year 1210, Thebit [Thabit ibn Qurra], the son of Chora [Qurra],
item gr. 23. 33". 30”. And in the year 1300, Prophatius the Jew [Prophatius
Judaeus / Jacob ben Makhir], gr. 23. 32". From these, Copernicus, 1.3, ch. 2 [De
Revolutionibus 111.2], deduces the obliquity of the eighth sphere in his theory.
Peter Apian [Petrus Apianus], in Observationes II, [reports] Regiomontanus in the
Epitome of the Almagest, prop. 17. Clavius [Christopher Clavius], in Sphcera p. 262,
and Lansbergius [Philippus Lansbergius] in his Thesaurus, observed; the
Solarium Classe 1, [reports] those who placed the Prophatian-Jewish [value],
collected about 68’ [?] after Almeon, since they took it after that interval of 160
years, and after Arzachel of 130 years; and Lansbergius from this confirms
Copernicus, and he praises this; I trust that he draws his observation from it for
his own Tables. So that he assigns it to Albategnius at gr. 23. 38', using neglected
refraction. But these foretold observations differ by very few minutes, or with
respect to the matter observed at different times, so that we are not so certain
about the error of three or four minutes deviating; nor does it diminish the
obliquity of the ecliptic below gr. 23. 30', or 31’ thereabouts.

[Margin: Arzachel.] [Margin: Almaon. Thebit. Prophatius.] [Margin: Lansbergius
notes.]

§9 — In the year about 1460, Purbachius [Georg Peurbach] and Regiomontanus of
Vienna in Austria received the meridian altitude of the Sun at the summer
solstice as gr. 66. 6'. And in the winter [solstice] gr. 18. 10’; he says Lansbergius in
his Thesaurus observed; and adds the obliquity of the zodiac gr. 23. 28’; but
proper to him the parallax in the winter is gr. 4. 11, and refraction 5'. 4”. The
parallax was inscribed at the summer tropics as gr. 46. 59'. 51", or most nearly gr.
47, and the obliquity of the ecliptic gr. 23. 30'. Certainly, although Regiomontanus
in the Epitome of the Almagest, prop. 17, may set it observed at gr. 23. 28,
nevertheless this does not adhere to him, since from these Tables he chose gr. 23.
30'. Which also Clavius confesses in his Spheera ch. 2, where nevertheless there is
by far a different reading of the Regiomontanus observations and of Lansbergius;
for he relates the observation of Vienna at the summer solstice altitude gr. 66. 30’;
and the winter [solstice] gr. 18. 30"; whence he considers the altitude of the Pole at
Vienna gr. 48. 6'; and from the Lansbergian observation gr. 48. 20'; whereas from
our [observation in] Geographia Reformata it is gr. 48. 22".

[Margin: Regiomontanus.]

§10 — In the preceding chapter, among all the solstitial observations of Bernard
Walther [Bernardus Vualtherus], relation 3, none is found whose maximum



declination of the Sun exceeds gr. 23. 30, but many fall infra [below], which
Clavius constructs in his Spheera, and indeed Dominicus Maria Ferrariensis
[Domenico Maria Novara], as Clavius has it in his Sphcera p. 2, where
nevertheless there is by far a different reading of the Regiomontanus observation
and of Lansbergius; for he relates of Vienna [gap]. Johannes Werner [Joannes
Vernerus], in Observationes 11, p. 28, [reports] and it is credible that he proposes
the equation of the cause of Copernicus, who neglected refraction, and repeats
his own from the major degrees, gr. 23. 28'. 30"; he affirms it true, De
Revolutionibus 1.3, ch. 2. As one who said De Revolutionibus 1.2, ch. 2 [recte], a
discrepancy [is] found in himself from the distance of the tropics [taken] together,
gr. 46. 58'. nearly; and De Revolutionibus 1.3, ch. 2, he adds the latitude of
Nuremberg [Fruemburg/Frauenburg?] repeated at gr. 54. 19'. 30", to which if you
add gr. 23. 28'. 30", he considers the maximum declination of the Sun; he gathers
that he observed the winter altitude of the Sun at the meridian gr. 12. 12'; about
the altitude of the Pole at Frauenburg through Tychonic instruments from the
surrounding parts at Tycho's [base?] 1.1, Progymnasmata p. 34; whence he gathers
the calculation of refraction gr. 2. 45'. or as someone wishes, [a difference] from
the altitude gr. 12. 12'; and there remains the altitude correct at gr. 12. 7'. 40", by
which the altitude of Frauenburg [taken from] the equator is gr. 35. 37'. 45";
refraction subtracted leaves the maximum declination of the Sun gr. 23. 30". 5".

[Margin: Copernicus corrected.]

§11 — Deservedly, then, Peter Apian, in the Primum Mobile, year 1530; and
Oroncius [recte: Oroncio] Fingeus [Oronce Finé], book 2 [reports]; Cosmogr.
[Cosmography], under the same time; and Werner, Nominis [recte] II, [reports]
from the observation of the year 1555, declared the obliquity of the ecliptic to be
gr. 23. 30, which we agree with the opinion that Clavius elected in his Spheera p.
262, and Scheinerus [Christoph Scheiner] in the Rosa Ursina p. 356, and Galileo
[Galilei] in the Dialogo dei Massimi Sistemi p. 34 — although they do not add the
observations. Nor are the opponents reluctant: Ignatius Danti [Egnatio Danti],
part 2 of the Astrolabio ch. 54, where he relates that in the year 1570 at Florence
he took the altitude of the summer solstice of the Sun at the meridian gr. 69. 49;
and the winter [solstice] gr. 22. 51'; whence...

[Margin: Apianus. Orontius. Nonius.] [Margin: Clavius. Scheinerus. Galileus.
Dantes.]

whence he gathers the obliquity of the ecliptic gr. 23. 29’; for if to the winter
altitude you add our parallax 5'; and at the winter [solstice] 20”; but to subtract
the refraction from this gr. 5. 25”; the summer altitude comes out gr. 69. 49". 5”;



and the winter gr. 22. 51'. 20”; and the distance of the tropics gr. 47. 1. 10”; and the
distance of the tropics from the equator gr. 23. 30'. 35".

§12 — Christophorus Rothmannus [Christoph Rothmann] and Justus Byrgius [Jost
Biurgi], illustrious Landgravial astronomers of Hesse, in the year about 1570,
found the corrected altitude of the equator at Kassel to be gr. 38. 46'. 40”; and the
solstitial altitudes of the Sun, as Snellius has it, mostly gr. 62. 11’; rather gr. 60. 12';
whence, subtracting the altitude of the equator, the obliquity of the ecliptic gr. 23.
30'. 20" is left, just as much as Cassinus [Cassini] also collects for us in the year
1655.

[Margin: Hassiaci. (The Hessians.)]

Likewise, Johannes Homelius [Johann Homelius / Hommel], in the year 1570 —
Tychone testifying, Progymnasmata p. 631 — observed the meridian altitude at
the summer solstice gr. 62. 11'. Lipsiee [at Leipzig], whose altitude of the equator,
as Tycho says, is gr. 38. 41’; therefore the distance of the equator from the tropic
gr. 23. 30

[Margin: Homelius.]

§13 — Tycho, however, from his own observations, Tom. I, Progymnasmata, p. 17
and 28, and in his Epistolae p. 40, stated the obliquity of the ecliptic gr. 23. 31". 30";
for the maximum scilicet parallax of the Sun; and so Kepler corrects this excess in
the Rudolphine [Tables] p. 27 and 116, saying that it could not be done at gr. 23.
30’; but already from his own selectissimis [most select] Tychonic observations,
from nos. 7 and 10, deduced from the truer parallax, he reduced the minimal
solstitial declination of the Sun to gr. 23. 29'. 7”; maximal gr. 23. 30'. 27"; and
median gr. 23. 30". 22",

[Margin: Tycho.]

§14 — Lansbergius, in the first class of solar observations, narrates that there was
observed by Goése [Goes] in the year 1589 the altitude of the Sun at the meridian
at the summer solstice gr. 61. 58’; in the winter, by contrast, gr. 15. 2". 30”; but, his
own parallax and refraction being applied, he gathers that altitude at gr. 61. 59’;
and at the winter [solstice] gr. 15. 4’; hence gr. 14. 58'. 43"; or from the difference,
or the distance of the tropic gr. 47. 0. 11”; and the obliquity of the ecliptic gr. 23.
30'. 5”; just as much as for the Landgravials. But the Lansbergian refraction being
retained, the 6'. nearest minute, in the winter, and the parallax being applied, our
23'. in the summer solstice, the summer altitude comes out gr. 61. 58'. 6”; the
winter gr. 14. 56'. 46”; and therefore the obliquity of the ecliptic gr. 23. 30'. 40".



[Margin: Lansbergius.]

§15 — By which observation Gassendi of Marseilles detected the obliquity of the
ecliptic gr. 23. 30'. 58", as we said; on the first occasion of Pytheas. Therefore in
the Institutiones Astronomicae I, ch. 8 [recte], he said it to be gr. 23. 31’; seu [or]
tantam tantam [recte: just so much], and not more; indicating his judgment that it
should be at least one minute less. But Gottefridus Wendelinus [Govaert
Wendelen], in an erudite epistle to me, full as it were of all the gems of
astronomy, asserts, while he was living in the province of Forcalquier, that he
obtained the altitude of the Pole from the observation of the fixed stars at gr. 43.
54'; and the meridian distance of the Sun from the vertex at the summer solstice
he found again gr. 20. 24’; subtract my parallax 6'; it becomes gr. 20. 23'. 54”; and
these, the altitude of the Pole being subtracted, leave the distance of the tropic
from the vertex gr. 23. 30'. 6”; albeit at Gassendi's, in Epistola 2, [it is said] to
Wendelinus; Wendelinus is said, in the Diatriba which he entitled Loxias, seu de
Obliquitate Solis, in which nevertheless he is mistaken, while at Pappus of
Alexandria he gathers the obliquity for the year of Christ 400 at gr. 23. 42'. 6", as is
clear from what was said in no. 6 above, ex Commandino [from Commandinus].

[Margin: Gassendus.] [Margin: Vendelinus.]

§16 — We, however, in the preceding chapter from nos. 14 and 17, from our own
observations, have deduced the maximum declination of the Sun never less than
gr. 23. 30, nor greater than gr. 23. 30'. 25”; but for the causes there stated, we
choose, as constant from use, that it is gr. 23. 30". 20” in our Tables, taking no
account of the anomalies, which others also, like Wendelinus, in the said
Opusculum, edition of the year 1626, have endeavored to introduce, especially
from the inconstancy of refractions in the Hibernal [winter] solstice. Therefore,
that we may add two conclusions to be soon inferred, it pleases [us] to give in
conspectus the opinions of the Authors, both as they lie among themselves, and
after observation, deduced with their correction added, the marginal numbers
being added, so that the places of the Authors and the examination of this
observation may be found again.

§17 — In Albert Lisnemann [Albertus Lisnemannus], Memoria 9th century, I find
Venceslaus de Nova Pilsna [Wenceslaus of Nova Plzen / Vinceslaus de Nova
Pilzna], year 1416. With a great quadrant, and the iron Ptolemaic rules four
cubits in length [Regulae Ptolemaicae ferreae quadricubitis]...



to have observed the Sun at Prague at the beginning of Cancer at the meridian
altitude gr. 63. 26'; from which, the altitude of the equator gr. 39. 55'. 30" being
subtracted, the distance of the tropic remains gr. 23. 30". 30".

Table. "Obliquity of the Ecliptic, or the Maximum Declination of the Sun." A
historical survey table listing each authority (cross-referenced to the marginal
numbers in the preceding text), the obliquity/declination value each obtained (in
degrees, minutes, seconds), and the year — most "Before Christ" (Anni ante
Christum) for the ancients, "After Christ" (Post Christum) for the later ones.

Num.
margin.

Authoriti
es named
above
under
the
marginal
numbers
(Auctores
suprano
minati
sub
numeris
marginali
bus)

Obliq.-
Eclip. Gr. ' "

Years
before
Christ
(Anni
ante
Christum

)

1

Pytheas
of
Marseille
S
(Pytheas
Massilien
SiS)
Hipparch
us,
related
from
Strabo
(Hipparc
hus ex
Strabonis

23 52 41

23 33 57

324

140



Num.

margin.

Authoriti
es named
above
under
the
marginal
numbers
(Auctores
suprano
minati
sub
numeris
marginali
bus)

Obliq.-
Eclip. Gr. ' "

Years
before
Christ
(Anni
ante
Christum

)

5[7]

relata)

But from
Ptolemy
(Sed ex
Ptolemee
0)

Geminus,
Proclus,
Achilles
Tatius, in
round
number
(Geminus
, Proclus,
Achilles
Tatius
rotundo
numero)

Ptolemy
(Ptolemee
us)

Ptolemy
elsewher
e

23 51 20

24 0 0

23 51 20

23 30 0

140

After
Christ
(Post
Christum

)

140

140



Authoriti

0

es named

above

under

the

marginal

numbers

(Auctores Years
suprano before
minati Christ
sub (Anni
numeris ante

Num. marginali Obliq.- Christum

margin.  bus) Eclip. Gr. ' " )
(Ptolemcee
us
aliunde)

6 Pappus 23 30 0 350
of
Alexandr
ia
(Pappus
Alexandri
nus)

4 Eratosthe 23 46 0 Before
nes, Chr.
falsely (Ante
(Eratosth Chr.)
enes
fallaciter)

— or (vel) 23 51 20 230

7 But 23 31 5 Years
necessari before
ly Chr.
corrected (Anni
(Sed ante Chr.)
necessari



Num.
margin.

Authoriti
es named
above
under
the
marginal
numbers
(Auctores
suprano
minati
sub
numeris
marginali
bus)

Obliq.-
Eclip. Gr.

r

Years
before
Christ
(Anni
ante
Christum

)

correctus
)

Albategni
us
(Albateni
us)

Arzachel
the

Spaniard
(Arzachel
Hispanus

)

Alméaon
of
Almanso
r
(Almeon
Almansor
is)
Thebit,
son of
Chora
(Thebit
Coree

23

23

23

35

34

33

33

30

30

880

1070

1140

1210



Num.
margin.

Authoriti
es named
above
under
the
marginal
numbers
(Auctores
suprano
minati
sub
numeris
marginali
bus)

Obliq.-
Eclip. Gr. ' "

Years
before
Christ
(Anni
ante
Christum

)

filius)
Prophati
us the
Jew
(Prophati
us
Iudceus)

Purbachi
us and
Regiomo
ntanus,
and he
elected
this
afterwar
d
(Purbachi
us, &
Regiomo
ntanus,
sed elegit
hic
postea)

[continua

23 32 0

23 28 0

23 30 0

1300

1460



Num.

margin.

Authoriti
es named
above
under
the
marginal
numbers
(Auctores
suprano
minati
sub
numeris
marginali
bus)

Obliq.-
Eclip. Gr. ' "

Years
before
Christ
(Anni
ante
Christum

)

10

10

10

tion]

Bernardu
S
Walther,
not
greater,
nor
lesser
(Bernard
us
Vualther
us non
maiorem,
nec
minorem)

[continua
tion]
Dominic
us Maria
Ferrar[ie
nsis]
(Dominic
us Maria
Ferrar.)

23 30 0

23 29 31

23 29 0

1476

1498

1500



Num.

margin.

Authoriti
es named
above
under
the
marginal
numbers
(Auctores
suprano
minati
sub
numeris
marginali
bus)

Obliq.-

Eclip. Gr.

Years
before
Christ
(Anni
ante
Christum

)

10

10

10

11

Johannes
Werner
(Ioannes
Vernerus
)
Copernic
us,
falsely
(Copernic
us
fallaciter)

but
corrected
(sed
correctus

)

Peter
Apian
and
Oroncius
(Petrus
Apianus,
&
Orotius)

23

23

23

23

28

28

30

30

30

30

1500

1525

1530



Num.

margin.

Authoriti
es named
above
under
the
marginal
numbers
(Auctores
suprano
minati
sub
numeris
marginali
bus)

Obliq.-
Eclip. Gr.

r

Years
before
Christ
(Anni
ante
Christum

)

11

11

11

12

Peter
Nonius
[Pedro
Nunes]
(Petrus
Nonius)

Egnatius
Danti,
falsely
(Egnatius
Dantes
fallaciter)

but
corrected
(sed
correctus

)

Christop
horus
Rothman
nus and
Byrgius
(Christop
horus

23

23

23

23

30

29

30

30

35

20

1555

1570

1570



Num.

margin.

Authoriti
es named
above
under
the
marginal
numbers
(Auctores
suprano
minati
sub
numeris
marginali
bus)

Obliq.-
Eclip. Gr.

Years
before
Christ
(Anni
ante
Christum

)

12

13

13

Rothman
nus, &
Byrgius)
Johannes
Homelius
corrected
(Ioannes
Homelius
correct.)
Tycho,
but
falsely
(Tycho,
sed
fallaciter)

but
corrected
, as the
maximu
m (sed
correctus
, vt
summil)

23

23

23

30

27

1570

1587



Num.
margin.

Authoriti
es named
above
under
the
marginal
numbers
(Auctores
suprano
minati
sub
numeris
marginali
bus)

Obliq.-
Eclip. Gr.

r

Years
before
Christ
(Anni
ante
Christum

)

13

13

14

14

11

and
twice
[the
median?]
(& bis)

Kepler
(Keplerus
)

Lansberg
1us,
falsely
(Lansber
gius
fallaciter)
but
corrected
(sed
correctus

)

Clavius,
Galileo,
Scheiner
(Clauius,
Galileeus,

23

23

23

23

23

30

30

30

30

30

22

10

40

1617

1589

1612



Num.

margin.

Authoriti
es named
above
under
the
marginal
numbers
(Auctores
suprano
minati
sub
numeris
marginali
bus)

Obliq.-
Eclip. Gr.

r

Years
before
Christ
(Anni
ante
Christum

)

15

15

15 [?]

16

Scheineru
S)

Peter
Gassendi,
not
greater
(Petrus
Gassendu
sno
maior)

We, by
contrast
(Nos ex
Vendelin
0)
Gottefrid
us
Wendeli
nus
(Gottefrid
us
Vuendeli
nus)

We, with

23

23

23

31

30

30

30

24

20

1636

1650

1646



Authoriti

es named

above

under

the

marginal

numbers

(Auctores Years

suprano before

minati Christ

sub (Anni

numeris ante
Num. marginali Obliq.- Christum
margin.  bus) Eclip. Gr. ' " )

Father
Grimaldo
[Grimald
i] (Nos
cum
Patre
Grimaldo

)

17 Wencesla 23 30 30 1416

us of

Nova

Plzen

(Vincesla

us de

Nona

Pilzna)

Parsing notes: The "Num. margin." column repeats marginal numbers from the
preceding text (some authorities share a number, e.g. several at "3," "8," "10," "11,"
"15"). Several rows are continuation rows for a multi-line authority entry (e.g.
Purbachius/Regiomontanus and Bernardus Walther each occupy two value-
rows). The "vel" (or) and "sed correctus / sed necessario correctus"” rows give
alternate or corrected values for the authority immediately above. The fifth-from-
top row's marginal number is ambiguous (printed "5" or possibly a re-use of "3")
— flagged. The year column mixes Anni ante Christum (BC, ancients) and Post



Christum [ AD years (later authorities); the header reads "ante Christum" but the
lower entries are clearly AD dates.

I. Conclusion (I. Conclusio)

In our own age and in the preceding one — if a second of arc is to be despised in
the scrupule — the obliquity of the ecliptic was, and is, gr. 23. degrees 23. minutes
30. or thereabouts. Since most of the observations and authorities attest, if a
reckoning is to be had of seconds, it is to be chosen as gr. 23. 30'. 20”; on account
of the most recent and greatest instruments and the most accurately conducted
observations, so that whoever should contend to augment or diminish it by about
ten seconds is not severely to be condemned.

II. Conclusion (II. Conclusio)

It is much more probable that the obliquity of the ecliptic was immutable, and
however great it now is, was once such, and will be such. First, because — apart
from the 4 or 5 minutes in which the ancients could have erred — neither so
great nor so manifest is the diminution of the ancient obliquity [claimed by]
Eratosthenes, Hipparchus, and Ptolemy, or by Pappus of Alexandria. Secondly,
because, although a few of the ancients may favor the variation of the latitudes of
the fixed stars by the invention of Tycho — who thinks they vary in latitude by an
extrinsic cause, namely by a variable obliquity of the ecliptic — yet more men
oppose this opinion, and retain the same latitude, which others, and most nearly,
suppose to vary; than which the Almagestum Novum ch. 15 [demands]. Thirdly,
because if the obliquity of the ecliptic of the ancients were anything, it would
now be reduced to gr. 23. 30’; now the maximum latitude of the Moon in the
quadratures, [if observed] from Ptolemy's observations, is elicited as great as
Tycho found it — which indeed is an indication, but not a necessary one; yet it is
more probable in our opinion. Fourthly, because to affirm a maximum moment,
with maximum need of a foundation; but the mutation of the obliquity of the
ecliptic is of maximum moment, since it flows into very many astronomical
operations, and, it being changed, it is necessary that individual ages should
construct very many Tables of the Primum Mobile and of the Fixed [stars]. It is
hardly worthwhile to construct anew from the very beginning, while we have a
posteriori sufficient fundamentals, indeed the maximum and most constant, of
this mutation, as is clear from the observations recorded above at great expense
[of effort]. Fifthly, finally, not a few — and indeed those not to be repented of —
Astronomers stand for its immutability. Namely: Ptolemy, Almagest I, ch. 11;
Thebit, in Maurolycus' Cosmographia, dialogue 3; Augustinus Riccius [Agostino
Ricci] in his treatise De Motu Octavee Spheerce; Athanasius Kircher in his Magnes



p.- 477, first edition; Simon Stevin [Stevinus] in Hortensius, vol. 1 p. 579;
Vincentius Reinerus [Vincenzo Renieri] in the Tabule Medicece, denuo editis
[newly edited], ch. 7, no. 7; Petrus Gassendus in the Vita Peireskii, year 1615, and
in the epistle to Wendelinus De propositione Gnomonis ad Umbram Solstitialem;
and Kepler ch. 12, [in the] Rudolphine [Tables], saying: that the obliquity of the
ecliptic was once of a certain ratio — that is not so doubtful, but by valid arguments
from the observations of the ancients themselves it is shaken, and beyond doubt
plainly false.

[Margin: Immutability of the obliquity of the ecliptic. (Immutabilitas Obliquitatis
Eclipticce.)]

Caput VII — Observations of the Quadrants and Semicircles
of the Year (Anni Quadrantum Observationes, &
Semicirculorum)

The year is divided into four parts by the cardinal points of the ecliptic, or by the
points and moments of the equinoxes and solstices. The first quadrant comprises
the time from the vernal equinox to the summer solstice. The second, from the
summer solstice to the autumnal equinox. The third, from the autumnal equinox
to the winter solstice. The fourth, from the winter solstice to the vernal equinox.
These times, from astronomical observations, are manifestly unequal. But the
inequalities are: the time from the entry [of the Sun] into O [Aries] up to the

entry into 0 [Cancer], the time from the entry into 0 [Cancer] and the entry
following into O [Libra], again the time from the entry of the Sun into O [Libra] up
to the entry into O [Capricorn], and the time from the entry into O [Capricorn] up
to the following entry into 0 [Aries]. Because from the equinoxes observed at ch.
3, and the solstices at ch. 5, it can to some extent be established, and also from the
opinions soon to be referred to.

Table 1. "First Table. The Tarrying [delay] of the Sun in the Boreal [northern] and
Austral [southern] Semicircles.” The dwelling-time of the Sun in each semicircle
of the ecliptic, per authority, given in Days (D.), Hours (H.), and minutes (). Two
value-blocks: "From the beginning of [ [Aries] to the beginning of O [Libra]"
(northern semicircle) and "From the beginning of 0 [Libra] to the beginning of 0
[Aries]" (southern semicircle).



Authori
ties
(Auctor
es)

From
beginni
ng 0 to
beginni
ng 0 —
D.

From

beginni

ng 0 to

beginni

ng i —

D. H. '

Hippar
chus &
Ptolem
y
[Almag
est I11.3,
ch. 2 &
4]
(Hippar
chus, &
Ptolem
eus
1.3.c.2.
&4.)
Ptolem
y
correct
ed by
Longo
montan
us &
Bulliald
us
(Ptolem
®eus
correct
usa
Longo
montan
0, &
Bulliald
0)

187

186

o

11

178 5 S55%

178 18 2



Authori
ties
(Auctor
es)

From
beginni
ng 0 to
beginni
ng 0 —
D.

From
beginni
ng 0 to
beginni
ng i —
D.

The
same
correct
ed by
us
(Idem
correct
usa
nobis)
Pliny
1.18, ch.
25,
from
Solinus
[recte:
Sosigen
es]
(Plinius
L.18. c.
25. ex
Soligen
e)

Albateg
nius ch.
27 & 28
(Albate
nius c.
27. &
28.)

Albateg
nius
correct

189

186

186

186

19

14

14

45

15

178

179

178

178

10

14

14

55%

30

0[]



Authori
ties
(Auctor
es)

From
beginni
ng 0 to
beginni
ng 0 —
D.

From

beginni

ng 0 to

beginni

ng i —

D. H. '

ed by
Longo
montan
us
(Albate
nius
correct
usa
Longo
montan
0)

Peter
Pitatus
[Pietro
Pitati]
accordi
ng to
Nonius
in the
Theoric
ae
(Petrus
Pitatus
apud
Nonium
in
Theoric
is)
Coperni
cus L.3,
De
Revolut

186

186

23

2

38

034

178 26 [?] 11

179 3 483%



From From
beginni beginni
Authori ngUlto ng [0 to
ties beginni beginni
(Auctor nglQ— ng 0 —
es) D. H. ' D. H.

ionibus
ch. 16
(Copern
ic. L.3.
Reuol.
c. 16.)

Regiom 186 18 45 — —
ontanu
s from
ch. 3,
no. 15
(Regio
montan
us ex
cap. 3.
num.
15.)

Walthe 186 13 24 178 16
rin ch.
3, nos.
21 & 22,
& 23, &
24, &
28, & 29
(Vualth
erus in
c.3.
num.
21. &
22. &
23. &
24. &



Authori
ties
(Auctor
es)

From
beginni
ng 0 to
beginni
ng 0 —
D.

From
beginni
ng 0 to
beginni
ng i —
D.

28. &
29.)

[Walthe
r
continu
ation]

Reinhol
dus in
the
Theoric
ae of
Purbac
hius p.
31
(Reinho
ldus in
Theoric
as Purb.
pag.
31.)
[Reinho
1d] but
p- 39
(sed
pag.
39.)
Maginu
s in the
Theoric
a Solis
ch.9
(Magin

186

186

186

186

28

13

46

178

178

178

21

23

22

42

20

10



Authori
ties
(Auctor
es)

From
beginni
ng 0 to
beginni
ng 0 —
D.

From

beginni

ng 0 to

beginni

ng i —

D. H. '

usin
Theoric
a Solis
c.9.)

Langra
uus
[Landg
rave] of
Hesse
from
ch. 3,
no. 43
(Langra
uus
Hassie
exc. 3.
anum.
43.)

Tycho,
Tom. I,
Progym
nasmat
a, p. 13,
19, &
107,
[varian
t
reading
s]
(Tycho

Tom. 1.
progym

186

186

20

18

178 19 0

178 11 49%,



From

beginni
Authori ngUlto
ties beginni
(Auctor nglQ—
es) D.

From
beginni
ng 0 to
beginni
ng i —
D.

n. pag.
13. 19.
& 107.
sed ex
correct.
de qua
cap.3.
num.
48. ad
66.
varie,
SCripsi
tamen,
vel
aliquan
do)

[Tycho 186
variant

]

[Tycho 186
variant

]

Gocleni 186
us in

the

Urania

p- 53

(Goclen

ius in

Vrania

pag.

53)

15

19

45

178

178

178

15

15

19

44

46



Authori
ties
(Auctor
es)

From
beginni
ng 0 to
beginni
ng 0 —
D.

From
beginni

ng 0 to
beginni

ng i —

D. H.

Argolus
in the
Pandosi
o, ch.
8
(Argolu
sin
Pandosi
ol 1. c
8.)

Lansbe
rgius
observe
d in the
Thesau
rus, or
from
what
was
said ch.
3, num.
67
(Lansbe
rgius in
Thesau
ro
obserua
t. vel ex
dictis c.
3.a
num.
67.)

186

185

18

16

30

12

178 12

179 13

13

37



Authori
ties
(Auctor
es)

From
beginni
ng 0 to
beginni
ng 0 —
D.

From

beginni

ng 0 to

beginni

ng i —

D. H. '

Wendel
inus in
letters
[sent]
to me
(Vendeli
nus in
litteris
ame
datis)
Vincent
ius
Mutus
[Vicent
e Mut]
in the
Sol
Alphon
sinus
(Vincen
tius
Mutus
in Sole
Alphon
sino)

We,
from
ch. 3,
nos. 75
& 79
(Nos ex
c.3.a

186

186

186

15

23

14

178 13 49%,

178 5 55

178 14 56



Authori
ties
(Auctor
es)

From
beginni
ng 0 to
beginni
ng 0 —
D.

From
beginni

ng 0 to
beginni

ng i —

D. H.

num.
75. &
79.)

Joh.
Domini
cus
Cassinu
S
[Cassini
]in the
Heliom
etro (D.
Io.
Domini
cus
Cassinu
sin
Heliom
etro)

186

14

53

178 14

56

Parsing notes: Several authorities (Walther, Tycho, Reinhold) span multiple
value-rows for variant or corrected readings; their continuation rows are tagged
in brackets. The Tycho block consolidates the long parenthetical citation
(Progymnasmata pp. 13, 19, 107, with corrections discussed at ch. 3 nos. 48-66).
Two cells flagged [?] for ink-faded digits.

[Note] Do not be surprised if the Time compounded from the Tarrying of
the Sun in the Boreal semicircle and from the Tarrying in the Austral
[semicircle] does not correspond to the quantity of the equinoctial Year
asserted by the Authors; for that correction would require it, and from
this rather the diverse quantity of the Year is gathered among the
Authors.



Table II. "Second Table. The Tarrying of the Sun in the Vernal and Summer Arc of
the Ecliptic." The dwelling-time of the Sun, per authority, in two arcs: "From the
Sun's entry into O [Aries]"” and "From the entry into O [Cancer]" — i.e. the vernal-
arc time (in 0) and summer-arc time (in 0). Given in Days, Hours, minutes.

Authori
ties
(Auctor
es)

At
entry
into 0/
At
entry
into [
—D.

Ind/In
0—D.

H. '

Ptolem
y De
Revolut
ionibus
[recte:
Almage
st] 111,
ch. 2 &
4, with
Hippar
chus
(Ptolem
ceus lib.
3. cap.
2. &
4.cum

Hipparc

0)
Pliny
1.18, ch.
25,

emende

d by
Petaviu
S
[Petau]
1.2, De

94

94

12

12

92

92

12 0

12 0



Authori
ties
(Auctor
es)

At
entry
into 0/
At
entry
into [
—D.

Ind/In
0—D.

H.

Doctrin
a
Tempor
um
[differt.
Vran.]
ch.5
(Plinius
1.18.c.25

emenda
tus a
Petauio
L2
differt.
Vran.
c.5.)

Ausoni
us in
the
Eclogae
de
ratione
dierum
(Ausoni
us in
Eclogis
de
ratione
dierum)

Albateg

94

93

12

14

92

93

12

45



Authori
ties
(Auctor
es)

At
entry
into 0/
At
entry
into [

Ind/In
0—D. H.

nius ch.
27 & 28
(Albate
nius c.
27. &
28.)

Pitatus
accordi
ng to
Nonius
in the
Theoric
a
(Pitatus
apud
Nonium
in
Theor.)
Gocleni
us in
the
Urania
(Goclen
ius in
Vrania)
Walthe
r from
what
was
said ch.
3,nos. 3

93

92

92

10

21

17

134 [?]

93 1

93 15

92 18

363 [?]

50 [?]



Authori
ties
(Auctor
es)

At
entry
into 0/
At
entry
into [

Ind/In
0—D.

H.

&5

(Vualth
erus ex
dictis c.
3.&5)

Tycho
Tom. I,
p- 13,
19, &
107,
likewis
e from
what
was
said ch.
3&5
(Tycho
L1.
pag. 13.
19. &
107.
simul

ex dictis

c.3 &
5)
[Tycho
continu
ation]
Lansbe
rgius
from

93

93

93

17

40

27

93

93

92

14

14

14

5[?]



Authori
ties
(Auctor
es)

At
entry
into 0/
At
entry
into [
—D.

H.

Ind/In
0—D. H.

what is
laid
down
in the
Thesau
rus
(Lansbe
rgius ex
positis
in
Thesau
ro)
Maginu
s in the
Theoric
a Solis
(Magin
us in
Theoric
a Solis)

We,
from
what
was
said ch.
3&5
(Nos ex
dictis c.
3.&5.)

Joh.
Domini

92

93

93

20

49

36

50

93 10

93 14

93 11

57

18

12



At
entry
into 0/
Authori At
ties entry
(Auctor into [ In0/In
es) —D. H. ' 0—D. H. '

cus
Cassinu
S
[Cassini
1(D. Io.
Domini
cus
Cassinu

S)

Parsing notes: The two column-blocks are headed by zodiac symbols (0/0 for the
first arc-pair, %2 for the second). The Tycho entry spans two rows (variant
readings). Several minutes-cells with fractional values (3, etc.) and a few ink-
faded digits flagged [?].

Liber I — De Sole (continued)

Caput VII (continued)

III. TAB. The Sun's tarrying in the autumnal and winter arc of the ecliptic [Mora
Solis in Ecliptica Arcu Autumnali, & Hyberno].

The table records, for each authority, the time the Sun takes from its entry into [
(Libra) to its entry into 0 (Capricorn) — the autumnal arc — and from its entry
into 0 (Capricorn) to its entry into 0O (Aries) — the winter arc, given in days, hours,
and minutes.

Authori

ties

[Auctor Otol OtoO OtoO OtoO OtoO OtoO
es] —D. — H. — M. —D. — H. — [M.]

Pliny, 89 3 0 90 3 0
bk. 18,
ch. 25,



Authori
ties
[Auctor
es]

Oto O

Oto O

Oto O

Oto O

Oto O

0to O
— [M.]

correct
ed
[emend
atus]

Ausoni
us in
the
Eclogue
S
[Eclogis
], above
Magini
in his
Theoric
a Solis

Tycho
[Brahe]
, tome
1,
above

or
correct
ed by
us
[correct
usa
nobis]

Walthe
r
[Bernh
ard
Walthe
r], from
the

88

89

89

89

90

18

10

10

10

37

40

46

90

89

89

89

88

47

44

15



Authori

ties

[Auctor OtolO Oto O Oto O Oto O Oto O OtoO
es] —D. — H. — M. —D. — H. — [M.]

stateme
nts of
chs. 3 &
5 [ex
dictis
cap. 3.
& 5.]

We 89 14 11 89 0 45
[Nos],

from

observa

tions

Caput VIII.

Selected observations of the Sun's meridian altitudes outside the equinoxes
and solstices [Altitudinum Solis Meridianarum Observationes extra Aequinoctia, &
Solstitia selectae.]

To gain thorough knowledge of the Sun's motion, the moments of the equinoxes
and solstices are not enough; observations made at other times are also needed —
times when the Sun is found at some other point of the ecliptic besides the four
cardinal points, and especially in the neighborhood of the middle portions of
Taurus, Leo, Scorpio, and Aquarius. Then, by comparing these positions with the
positions drawn out from the astronomical tables, one can establish how
trustworthy those tables are. And from this comparison the tables themselves
may be constructed, once one has found the place [of the Sun] and quantified the
motion of the solar apogee and the magnitude of the eccentricity.

The inequality of the Sun's motion is plainly evident in the unequal tarrying of
the Sun: in the northern semicircle it tarries more than 8 days longer than in the
southern, and, by these observations of ours, more than 14 hours 18 minutes
longer in the vernal quadrant than in the summer one, and more than 13 hours
26 minutes longer in the autumnal quadrant than in the winter — unless
astronomers are mistaken. This is more easily accounted for by the eccentric
circle of the Earth, or by an eccentric ellipse, than by an epicycle equalizing the



eccentric, in the manner I set out more fully in Almagestum Novum, bk. 3, ch. 17,
and again at ch. 24.

I pass over the whole medley of observations to be found among the authors —
chiefly Walther, the Landgraves of Hesse [Lantgravianos in Hassiacis], Tycho,
[Jakob] Kristmann [Kristmannumque], and others. I select the more reliable ones,
the ones better suited to advancing the astronomical study, and I add to them
other observations of ours; nor do I attach to those the [solar] parallaxes or
refractions [Parallaxes, aut Refractiones]. The only places of the Earth used are
those where altitude observations were made, [recorded] together with the year,
month, and day. Afterwards these were tested for soundness against our
Geographia Reformata. Then, in the following chapter, we shall hunt out the place
of the Sun in the ecliptic from these very observations.

The right-hand column begins a long table of observations:

Selected meridian distances of the Sun from the zenith [Vertice] at
Nuremberg [Distantiae Meridianae Solis a Vertice Norimbergae, selectae ex
Bernardo Vualthero inter eas, quibus additur Clara, Diligens, vel Praecl. certa, aut
certiss.] — selected from Bernhard Walther [Walther], among those to which is
appended "Clear" [Clara], "Careful" [Diligens], or "Excellent" [Praecl], "sure"
[certa], or "most sure" [certiss.].

Years of Dist. of

Christ Sun from

[Anni Month / Chord zenith —

Christi] Day [Chorda] G. —' —"
1476 June 12 44890

Sept. 13 83400
Sept.19 87090

1477 [—] 83675
Anno March 11 83820
1478

March 31 71434
June 11 44890
June 13 44890
June 21 45267
Sept. 10 81190



Years of Dist. of

Christ Sun from
[Anni Month / Chord zenith —
Christi] Day [Chorda] G.

Sept. [—] 81800
Sept. 1 82430
Sept. 13 82050
Sept. 30 91410
Octob.8 98040
Novemb. 117300

26
Decemb. 118760
11
Anno Febr.[—] 94860 56
1479
March 28 74350
Anno Decemb. 118625
1487 7
Decemb. 118790
13
Decemb. 118790
14
Anno Januar.2 116525
1488

Januar.7 116275
Januar.9 114725

Januar. 106240
31

Febr. 1 105750
Febr.10 101200
Febr.17 97338 44
March1 89010

March 3 88400

March 19 78460



Years of Dist. of

Christ Sun from
[Anni Month / Chord zenith —
Christi] ~ Day [Chorda] G. — S

March 24 75134
March 25 74710
April 9 65780

August 55950
27

Sept. 1 71975
Sept. 6 79090
Sept. 10 81550
Sept. 11 82190
Sept. 15 82434
Octob. 8 98350
Octob. 31 109675

Decemb. 118780
11

Anno Januar.7 115075 41 33 21
1489

Janu. 22 109880
March 2 89188
March 11 83625
March 24 75480
April [—] 68834
April 28 46200
June 7 45043
June 10 44940
June 12 44890
June 19 46534
July 31 57750

August 70950
24



Years of Dist. of

Christ Sun from

[Anni Month/  Chord zenith —

Christi] Day [Chorda] G. —' —"
Sept. [—] 79550
Sept. 11 82040
Sept. 27 91870

Parsing notes: This table extends over several pages; the "Chord" column gives a
five-digit value (the chord of the zenith distance, in the work's internal units). The
"Distance of the Sun from the zenith" (G.//") is filled in only for occasional
benchmark rows. Several day-figures in the left two columns are faint or
abbreviated in the scan; abbreviated month names (Iunij, Sept., Octob., Novemb.,
Decemb., Januar., Februar., Martij, April, Maij, Iulij, Augusti) are transcribed as
printed. Cells left blank in the source are left blank here. Faint/ambiguous day
numbers marked with [—] where unresolved.

[table continues]

Left column header: Selectae ex Vualthero — "Selected from Walther" — with
columns: Year / Month-Day / Chord / Distance of Sun from zenith (G."").

Dist. of
Sun from
Month / zenith —
Year Day Chord G. —' —"
1489 Octob. 28 108513
Nouemb. 118013
30
Anno Febr.28 90550
1490
Maij 2 54350
Tulij 12 44900
Iunij 21 45325 26 11 48
Augusti5 60140
Decemb. 118790
12
Decemb. 118788



Dist. of

Sun from
Month / zenith —
Year Day Chord G. —' —"
13
Anno Ianuar. 6 115490
1491
Ianu. 11 110480
Febr.14 98860
Mart. 13 82680
April. 18 61210
Tulij 18 51925
Anno Iunij 11 44888
1492
Iunij 12 44888
Sept. 27 91020
Anno Sept. 12 83310
1493
Sept. 22 88867
Sept. 23 89460 53 8 28
Octob. 14 101534
Nouemb. 115688
18
Anno lanuar.5 115688
1494
Ianuar. 112640
15
Febr.13 99267
Iunij 12 44900
Iunij 13 44910
Sept. 11 82171
Decemb. 118800
13
Anno Iunij 11 44910



Dist. of

Sun from
Month / zenith —
Year Day Chord G. —' —"
1495
Sept. 11 81764
Sept. 30 93378
Decemb. 118788
15
Anno Iunij 10 45025
1496
Augusti 74800
30
Sept. 10 81612
Sept. 11 81490
Octob.1 94400
Decemb. 118800
11
Anno Mart. 28 73080
1497
April. 24 57940
Maij 28 46240
Iunij 10 44925
Octob.1 94300
Octob. 27 107900 65 17 58
Anno Iunij 11 44910
1498
Iunij 12 44890
Iulij 23 53625 31 6 18
Augusti 65900
15
Sept. 12 82566 48 45 58
Octob. 11 99775 59 51 2

Nouemb. 113225 68 57 35



Dist. of

Sun from
Month / zenith —
Year Day Chord G. —' —"
10
Nouemb. 116766 71 26 27
23
Anno Ianuar. 108550 65 36 20
1499 26
Febr.11 100466
Mart. 11 90917
April. 21 59640
Maij 13 50875
Maij 29 46125
Iunij 12 44925
Iuljj 11 49500 28 39 34
Augusti 64350
13
Dist. of
Sun from
Month / zenith —
Year Day Chord G. —' —"
Anno Martij 8 85300
1500
Mart. 29 72217
April. 24 57757 33 34 15
Maij 19 48140
Maij 28 46183
Iunij 11 44890 25 56 39
Iunij 12 44883
[ulij 28 56488
Decemb. 116950 71 34 13

30



Dist. of

Sun from
Month / zenith —
Year Day Chord G. —' —"
Anno Ianuar. 111817
1501 17
Mart. 10 84234
April. 14 63090 36 46 34
Maij 2 55875
Iunij 6 45100
Sept. 13 83367
Sept. 28 92500
Decemb. 118775
10
Anno Mart.17 80080
1503
Mart. 28 72340
April. 18 61100
April. 27 56636
Maij 11 50825 27 4 30
Maij 25 46817
Maij 31 45790
Iunij 10 44900
Tulij 27 55634
Augusti 62613 36 29 25
10
Decemb. 118750 72 50 50
12
Anno Ianu. 10 114140 69 44 11
1504
Febr. 9 101620 61 4 25
Mart. 12 82750 48 52 51
April. 20 59690
Maij 10 50910 29 29 38



Dist. of
Sun from
Month / zenith —
Year Day Chord G. —' —"

Maij 28 46090

Last 45280
solar

[observat

ion]

[Ultima

Solarium

] June 3

Now follows the explanatory paragraph:

From the foregoing, I further select 24 observations covering the place of the Sun
near the beginnings and middle portions of the zodiacal signs. For these I shall
determine the Sun's distance from the equator, on the supposition that
Nuremberg's distance from the equator is 49° 26, and using our own parallax and
the ancient Almagest refraction. For once the distance from the zenith has been
corrected and converted into the true value, the Sun's true declination will be
established; and from this declination, together with the maximum declination of
23° 30" 20", the place of the Sun will at once come out by spherical triangle [per
Triangula Sphaerica], rather than by a declination table. The places of the
northern signs are, however, the more reliable, since they are not exposed to the
uncertainty of refractions.

Table: From Walther's observations [Ex Vualtheri observat.] — true declination
of the Sun [Declinatio Solis vera] and the Sun's place in the ecliptic [Solis locus in
Ecliptical.

The declination column carries a suffix letter A or B (A = southern / austrina; B =
northern / borealis).

| Year / Month / Day [Ann. Mens. Dies] | True Decl. — Gr. | —" | —" | (A/B) |
Sun's place —S. (sign) | Gr. | " | " | |—-|—|-|—|—]|—|—|—]|—|—] | 1504
Januar. 10 | 20 | 22 | 56 | A | O (Scorpio) | 29 | 14 | 30 | | 1499 Januar. 26 | 16 |
12 |40 | A | O0(Aquarius) | 15|34 | 30 | | 1504 Februar.9 | 13 |16 |39 | A | O
(Aquarius) | 29 | 33 | 2| | 1479Febr.21 | 7| 12 | 25| A | O (Pisces) | 11 | 39 |
57| | 1504 Mart.12 |0 | 31| 10 | B | O (Aries) | 13| 3 | 10 | | 1488 Mart. 24 | 5
| 18 | 47 | B | O(Taurus) | 13 |4 | 56 | | 1501 April. 14 | 12 |39 |35 | B | [



(Taurus) | 322 |8 | | 1500 April. 24 | 15|51 | 53 | B| D (Gemini) | 13 | 16 | 5
| | 1504 Maij 10 | 19 | 56 | 28 | B | 0 (Gemini) | 28 | 46 | 28 | | 1503 Maij 25 | 22
|21 36| B|O(Gemini) | 12 | 31 | 12 | | 1500 Iunij11 | 23|29 | 26 | B | O
(Gemini) | 27 | 59 | 48 | | 1490 Iunij21 | 23 |14 |17 | B | O(Cancer) | 824 |9
| | 1499 Iulij 11 | 20 | 47 | 32 | B | O(Cancer) | 27 | 7 | 20 | | 1498 Iulij 23 | 18 |
19148 | B|0O(Leo) | 7|57 |5 |

Parsing notes: The "Sun's place" column gives the zodiac sign as a symbol
followed by degrees/minutes/seconds within the sign. The A/B suffix to the
declination marks southern (A, austrina) versus northern (B, borealis)
declination. The two leftmost columns (sub-headed Ann. Mens. Dies) compress
year, month, and day; transcribed as printed.

Left column, upper table:

Residual of the preceding table [Resid. Tabulae praeced.] — continuing the same
"true declination / Sun's place in ecliptic" listing.

Year /

Month

/ Day Sun's

[Ann.  True place

Mens. Decl. — Sig.

Dies] —Gr. —' —" (A/B)  Gr. ' "
1503 12 56 43 B g 49 40
Augus (Virgo

ti10 ) 25

1489 7 52 30 B g 54 0
Augus (Virgo

ti 24 )9

1498 0 40 15 B 0 55 5
Septe (Virgo

mb. 12 ) 28

1493 3 42 46 A 0 20 35
Septe (Libra

mb. 23 )9

1498 10 26 6 A a 0 29
Octob. (Scorp

11 io) 27



Year/

Month
/ Day Sun's
[Ann.  True place
Mens. Decl. — Sig.
Dies] —Gr. —' —" (A/B)  Gr. ' "
1497 15 54 20 A 0 24 10
Octob. (Scorp
27 io) 13
1498 19 35 25 A X 12 35
Noue (Sagitt
mb. 10 arius)
17
1498 22 5 35 A g 33 55
Noue (Sagitt
mb. 23 arius)
10
1503 23 30 11 A a 23 45
Dece (Capri
mb. 12 corn)
9
1500 23 22 12 A g 19 10
Dece (Capri
mb. 12 corn)
18

To these I append 20 places of the Sun drawn out from the observations of the
most excellent Lansberge of Hesse [Lamgravii Hassiae — i.e. the Landgrave of
Hesse], which Snellius [Willebrord Snel] published — places selected from
observations made at Kassel [Cassellis] beginning in the year 1568, with rectified
instruments and with the altitude of the equator repeated [as] 38° 40" 20". I have
left these to a less certain refraction, so that I may use our own bare parallax and
the obliquity of the ecliptic, discussed above.

Table: Years of Christ for meridian altitude observations [Ann. Christi in Altit.
Meridie.] — true declination of the Sun and the Sun's place in the ecliptic.



Year/

Mont
h/ Visibl Sun's
Day ealt. place
[Ann. [Altit. True —
M. visa] Decl. Sig.
D.] —Gr. —Gr. '’ " (A/B) Gr. ' "
1658 6111 22 30 46 B 0 2 20
Jun. (Canc
28 er) 15
1658 5710 18 29 47 B 0 38 50
Tulij (Leo)
20 6
1658 4610 7 29 50 B 0 54 15
Aug. (Virg
24 0) 10
1658 3830 O 10 26 A a 26 8
Sept. (Libr
13 a)o
1571 3930 O 29 28 B 0 13 55
Mart. (Arie
15 s)1
1571 3846 0 5 54 B 0 45 10
Sept. (Virg
13 0) 29
1571 31 7 39 0 A a 29 50
Octo 2% (Libr
b.3 a)19
1572 393 0 22 38 B 0 1 47
Mart. (Arie
11 s)1
1572 56 17 27 37 B d 46 10
April. 7% (Taur
30 us)

18
1572 6059 22 18 46 B 0 9 50
Maij (Gem



Year/

Mont

h/ Visibl Sun's

Day ealt. place

[Ann. [Altit. True —

M. visa] Decl. Sig.

D.] —Gr. —Gr. ' " (A/B) Gr. ' "
24 ini) 9

1573 3856 O 15 38 B 0 15 38
Mart. (Arie

11 s)0

1573 5025 11 44 49 B g 41 25
April. (Taur

11 us) 0

1573 5724 18 43 47 B 0 22 44
Tuljj (Leo)

20 6

1573 3858 0 37 38 B 0 34 22
Mart. (Arie

12 s)1

1593 61 23 30 20 0 58 30
Iun. 1634 (Canc

14 er) 28

1593 62 23 27 26 0 25 0
stylo 7% (Canc

Iun. er) 3

15

1593 38 0 15 43 0 20 35
veteri 55% (Virg

Sept. 0) 29

12

1594 61 23 30 6 0 58 30
Iun. 10%2 (Canc

10 er) 28

1596 4348 5 7 52 0 57 30
Mart. (Taur

23 us)



Year/

Mont

h/ Visibl Sun's

Day ealt. place

[Ann. [Altit. True —

M. visa] Decl. Sig.

D.] —Gr. —Gr. '’ " (A/B) Gr. ' "
12

1596 588 19 27 46 0 43 0

Maij (Taur

7 us)
26

Below this table (left column, :

I selected the Tychonic meridian altitudes of the Sun observed at Uraniborg
[Vraniburgi] — where the altitude of the equator is 34° 5" 30" — from
Longomontanus's Astronomia Danica, bk. 2, Theoricorum ch. 2, in the
commentary On the Sun; and from Villebrord Snel [Snellius] among the
observations made in Bohemia; and others, which Fr. Albert Curtius S.]. [P.
Albertus Curtius Soc. Iesu] sent to me, taken from the manuscripts of Tycho —
some of which had also been published at Vienna. But of the observations of the
year 1601, some were made at Benatky castle [in Arce Benatica], where the
altitude of the equator is 39° 41' 30”; some at Prague [Pragae], where the altitude
of the equator is 39° 55’ 30", with a refraction found by Tycho greater by 2
minutes than in Denmark. From these I have used our own parallax and
obliquity of the ecliptic to deduce the places of the Sun in the ecliptic.

Right column :

Years of Christ, by the old style [Anni Christi stylis veteris] — visible meridian
altitude of the Sun [Alt. merid. Solis visa], true declination of the Sun [Declinatio
Solis vera], and the Sun's place in the ecliptic [Locus Solis in Ecliptica]. Margin:
drawn from the manuscripts of Tycho [Ex M.S. Tychonis]; some rows note the
instrument used — "another instrument" [alio instrum.], "the Tychonic [system],
old" [Tychonico vet.], "the Tychonic [system], new" [Tychonico nou.].



Year/

Mont Alt.
h/ meri
Day d. Sun's
[An. visa  True place
Mens. — G.’ Decl —S.
Dies] " —Gr. ' " (A/B) G. ' "
1582 5052 16 46 39 B 0 21 55
April. 0 (Taur
27 us)

16
1582 5624 22 18 37 0 44 10
Maij O (Gem
24 ini)

11
1582 473 12 57 50 g 13 5
Augu 10 (Leo)
sti 9 26
1583 3523 1 16 30 B 0 11 55
Mart. 30 (Arie
14 s)3
1583 5030 15 40 25 0 13 18
April. 45 (Taur
26 us)

12
1583 3413 0 7 25 a 48 35
Sept. 20 (Virg
13 0) 29
1584 3429 0 23 55 B 0 59 59
Mart. 55 (Arie
11 s)0
1584 5148 17 43 10 0 44 20
April. 30 (Taur
30 us)

19
1584 5031 16 27 30 0 47 30
Iulij 50 (Leo)



Year/

Mont Alt.
h/ meri
Day d. Sun's
[An. visa  True place
Mens. — G.’ Decl —S.
Dies] " —Gr. ' " (A/B) G. ' "
28 14
1584 3418 0 12 55 0 27 35
Sept. 55 (Virg
12 0) 29
1585 3510 1 4 55 B a 42 47
Mart. 45 (Arie
11 S) 2
1585 5039 16 34 0 0 38 5
April. 20 (Taur
26 us)
15
1585 5010 16 4 10 0 13 5
Iulij 30 (Leo)
27 16
1585 3511 1 5 50 0 14 54
Sept. 40 (Virg
10 0) 27
1586 3418 0 12 30 B 0 31 0
Mart. 30 (Arie
11 s)0
1586 5052 16 47 10 0 23 40
April. 30 (Taur
27 us)
16
1586 5735 23 30 12 0 45 53
Iunij 36 (Canc
12 er)0
1586 3470 0 2 0 a 55 0
Sept. (Virg
13 0) 29



Year/

Mont Alt.
h/ meri
Day d. Sun's
[An. visa  True place
Mens. — G.’ Decl —S.
Dies] " —Gr. ' " (A/B) G. ' "
1587 3436 0 30 15 B 0 15 52
Mart. 15 (Arie
11 s)1
1587 5120 17 15 15 a 2 30
April. 35 (Taur
29 us)
18
1587 5734 23 29 10 0 15 11
Iunij 30 (Gem
14 ini) 2
1587 501 16 55 30 a 1 5
Iulij 50 (Leo)
27 17
1587 3419 O 31 20 0 41 25
Sept. 0 (Virg
13 0) 28
1588 3433 0 47 55 B 0 59 18
Mart. 30 (Arie
12 s)1
1588 510 16 55 0 a 52 0
April. 20 (Taur
27 us)
16
1588 3418 0 12 20 0 29 0
Sept. 20 (Virg
27 0) 29
1589 3424 0 18 55 B 0 47 22
Mart. 55 (Arie
11 s)0
1589 5735 23 30 7 0 58 52



Year/

Mont Alt.
h/ meri
Day d. Sun's
[An. visa  True place
Mens. — G.’' Decl —S.
Dies] " —Gr. ' " (A/B) G. ' "
Iunij 30 (Canc
11 er) 0
1589 5735 23 30 2 0 8 50
alio 25 (Canc
instr er) 1
um.
1589 5735 23 30 22 [—]
alio 45
instr.
1589 5735 23 30 27 [—]
Tych 50
onico
vet.
1589 5736 23 30 41 [—]
Tych 5
onico
nou.
1589 5018 16 12 53 0 33 40
Iulij 13 (Leo)
31 15
1589 3555 1 29 5 0 39 3
Sept. 5 (Virg
9 0) 27
1589 1044 23 30 17 A 0 16 40
Dec. 48 (Capr
15 icorn
)19
1590 3418 0 12 35 B 0 31 35
Mart. 30 (Arie
11 s)0



Year/

Mont Alt.
h/ meri
Day d. Sun's
[An. visa  True place
Mens. — G.’ Decl —S.
Dies] " —Gr. ' " (A/B) G. ' "
1590 5045 16 40 10 0 37 2
April. 30 (Taur
26 us)
16
1590 3430 O 24 10 0 59 24
Sept. 15 (Virg
10 0) 28
1592 3555 0 59 15 B 0 31 27
Sept. (Virg
10 0) 27
1593 341 O 4 30 A a 45 48
Mart. 30 (Arie
10 s)0
1593 5735 23 29 40 B 0 17 20
Iunij 0 (Gem
11 ini)
28
1594 3356 0 9 45 A g 29 32
Mart. 20 (Arie
10 s)0
1594 346 O 0 0 0 59 10
Sept. 20 (Virg
11 0) 29
1594 1041 23 33 55 A [—]
Susp. 10
Dec.
[—]
1596 3430 O 34 45 B 0 27 0
Marti 45 (Arie
j11 s)0



Year/

Mont Alt.

h/ meri

Day d. Sun's

[An. visa  True place
Mens. — G." Decl. —S.

Dies] " —Gr. ' " (A/B) G. '
1596 3350 O 36 0 A a0 21
Sept. 10 (Virg

[—] 0) 29
1597 342 O 3 40 A a0 50
Mart. 10 (Arie

[—] s)0

1601 5226 12 45 30 B a0 57
Benat 50 (Taur

ica us)

Apr. 13

23

1601 6310 23 18 45 a0 21
Benat 10 (Canc

ica er) 2

Iun.

26

1601 5650 16 42 47 a0 53
Prag 40 (Leo)

a 13

Aug.

6

1601 4727 7 32 10 0 48
St. 30 (Virg
nouo 0) 10
Sept.

3

[Margin: Ex M.S. Tychonis — From the manuscripts of Tycho]

Bottom of right column:



I pass over the solar observations of Jakob Kristmann [Iacobi Kristmanni],
inasmuch as I am not troubled over [matters of] 4 minutes — as I gather from bk.
1, ch. 7, of that author himself. But from our own observations, which I made at
Bologna [Bononiae] in the College of S. Lucia [Collegio S. Luciae] together with
Father Francesco Maria Grimaldi [Patre Francisco Maria Grimaldo], obtained on
clear and quadrant days, twice over [binis], and not infrequently in threes and
fours [ternis quaternisque], I select those that were the more accurate —

(continuation of Caput VIII)

[these observations], nor all of them, for there are many more than five hundred.
But I have added some others, lest I burden the pages with superfluous prolixity,
and I include the declination — computed by trigonometry from the Sun's place
— after applying our corrections for the obliquity of the ecliptic, for parallax, and
for refraction.

Observed meridian altitudes of the Sun, by the Reverend Fathers Riccioli
and Grimaldi.

Latitude of the equator [i.e. of the equinoctial point of observation]: 44° 29" 50".

The four columns are: the observed meridian altitude of the Sun [Altitudo Solis
meridiana © visa]; the true declination of the Sun [Declinatio ® vera], marked
B(orealis) = north or A(ustrina) = south; and the place of the Sun in the ecliptic
[Locus Solis in Ecliptica], given by zodiac sign and degrees/minutes/seconds. The
date column gives year, month, and day.

Alt. merid. Declinatio Locus Solis
©visa(G" ©vera(G’' 1in Ecliptica

Year Mo. Day ") ", B/A) (Sign Gr'")

1643 Mart. 23 46 33 30 1350B 02405
Augusti1l5 59360 146 15 0222021
Augusti31 54130 84320 073912
Octob. 11 38630 72330A 028 18 49
Octob. 25 3470 112320 02940 32
Noueb.11 2850 17 26 20 0184245

1644 Martij 21 4650 03520B 012838
Mart. 22 46 30 30 1050 023234

Mart. 30 49360 4645 0102133



Alt. merid. Declinatio  Locus Solis
©visa(G" ©vera(G’' in Ecliptica
Year Mo. Day ") ", B/A) (Sign Gr'")
April. 6 5216 20 6 46 40 0171243
April. 12 54 27 40 8580 023011[?]
April. 20 57160 1146 15 0045 47
Maij 5 6159 10 16 29 25 0152223
Maij 16 64480 1918 15 025590
Maij 23 65 340 203315 01440
Maij 30 67 35 30 215540 092630
[unij 4 68 2 50 2254 0141220
[unij 18 68410 231115 020503
Iunij 29 68 45 55 2316 55 075348
Iulij 11 67 35 40 22515 019 2345
Iulij 30 61 54 45 18250 07370
Augusti 4 61 36 30 17 6 45 0112740
Augusti 6 6060 16 35 15 01417 39
Augusti21 57250 115515 02848 30
Nou. 14 2770 18 29 30 0224038
Nou. 18 26 2 30 19 29 15 0264515
Dec. 17 2260 23270 051930
1645 Febr. 4 29 30 45 16025 A 016 1550
Martij 10 41 39 30 35015A 020 10 25
Mart. 21 4559 50 03010B 011538
April. 19 56 52 20 11 22 50 0293910
Maij 9 63010 17 30 25 018 57 35
Iunij 5 689 30 22 3945 014410[?]
[ulij 27 64 40 40 191055 043122
Augusti 4 62 41 20 171135 0121018
Aug. 14 59470 1417 15 02146 30
Octob. 4 40 11 30 51830 A 011430
Octob. 11 38180 71115 018 18 42



Alt. merid. Declinatio  Locus Solis
©visa(G" ©vera(G’' in Ecliptica

Year Mo. Day ) ", B/A) (Sign Gr'")
Nou. 3 30150 15160 0111855
Nou. 23 2510 20310 013930

1646 Mart. 1 38610 72350A 01100[?]
Mart. 30 49 24 50 35510B 09525
Maij 8 62420 171215 0175240
Maij 29 67120 214210 075956
Maij 30 67300 22015 0940([7]
Tulij 17 60 39 10 19035 018592
T[ulij 24 64 30 10 19035 015441[?]
Aug. 4 61 45 40 171555 0115448
Aug. 18 58 34 45 1359 0252510

[?]

Sept. 22 414440 0150A 0292222
Nou. 22 251640 201520A 001358

1647 lan