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INTRODUCTION TO THE SOFTCOVER EDITION

Nicholas Copernicus (1473—1543) was indisputably the first great astronomer of modern times; the
first to assign the Earth its proper planetary status and the first to provide a scientific justification for
placing the sun near the center of the known universe. He initiated a revolution, not only in astronomy
but also in physics, by ascribing to the Earth a circular motion, shattering the Aristotelian dichotomy that
had assigned perfect and constant circular motion to the heavenly bodies and an up-and-down motion of
generation and corruption to the sublunar regions. Copernicus may have used the geometrical devices of
his Greek or Arab predecessors, (for example, from the “Maragha School”), yet his system, and the
perception of the cosmos it established, was entirely novel.

Shortly before the five hundredth anniversary of the birth of its great countryman, the Polish Acad-
emy of Sciences undertook the monumental task of publishing all Copernicus’ extant works both in Latin
and in several modern languages. Each version was to comprise three volumes: Volume I, presenting the
Latin facsimile of the autograph manuscript of Copernicus’ major work De revolutionibus orbium caeles-
tium (cited hereinafier as Revolutions); Volume II, containing the translation of the Revolutions, accom-
panied by extensive modern commentary; and Volume 111, titled Minor Works, presenting translations of
the remaining intellectual writings of Copernicus, with substantial commentary. As the project devel-
oped, however, the Academy decided that because the manuscripts used for the translations in the third
volume were not easily accessible to all readers, a yet-unpublished fourth volume would be added con-
taining the Latin facsimiles of the documents used in Volume III. The four volumes constitute the Acad-
emy’s publication of Nicholas Copernicus’ Complete Works. '

The English translation and commentary of the Complete Works was entrusted to the eminent Coperni-
can scholar Edward Rosen, Distinguished Professor of the History of Science at the Graduate School of
the City University of New York. Professor Rosen chose me as his collaborator; our arduous and ul-
timately fruitful undertaking resulted in the publication of the first three volumes in 1972, 1978, and
1985, respectively. Sadly, Rosen passed away several months before the publication of the third volume
and did not see the entirety of his work in print. It stands as testimony to his impeccable scholarship.

With the publication of this two-volume softcover edition, the Rosen translation of Copernicus’ Com-
plete Works— Volumes IT and I1I of the Polish series—is now available to a broader audience. The text
has not been reset, but we have included as an appendix to the translation of the Revolutions the list
of additions and corrections that Rosen and I prepared after the publication of the hardcover edition
in 1978.

At the very outset of our work in the early 1970s, we faced a number of problems. Our first concern
was with the text to be used for the translation of the Revolutions: Should it be the first, 1543 edition of
that work, or the extant autograph? The decision was far from easy, for many scholars consider the 1543
edition, although riddled with serious errors, to be the definitive version of the great work. On the other
hand, the autograph, which bears no printer’s marks, is regarded as an earlier version superseded by
another manuscript copy; Rheticus, Copernicus’ disciple, took this text with him when he departed
Frombork and used it for the printed edition. In the end, we decided to use a collation of the printed
version and the autograph, thus providing an edition that is closer to Copernicus’ ultimate version than is
either of the other texts singly. In addition, we included certain passages of historical importance that
Copernicus crossed out in his manuscript.

We made these decisions after a close examination of the autograph and the 1543 edition had revealed
that several important entries in the autograph were absent from the printed version. For example, in the
right margin of folio 59 recto of the autograph, Copernicus added “Venus apogee at 48°20'.” This entry
does not appear in the 1543 edition. The place of a planetary apogee is of such importance that it is
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unlikély that Rheticus omitted it when preparing a copy for the printer; thus, the apogee entry must have
been made by Copernicus himself after Rheticus had left Frombork. The same is true of the entries

concerning the other planets on the margins of folio 60 recto, 61 recto-verso, and the longitude changein : -

the margin of folio 59 verso.

The next problem involved the puzzling differences between the Catalog of Stars in the Revolutions
and the catalogs known to have been available to Copernicus. We hesitated to accept a solution proposed
by other scholars, namely, that Copernicus used a catalog that has not survived to modern times. Instead,
our plausible reconstruction of Copernicus’ line of reasoning explains all of his catalog deviations from
either Prolemy’s or Giorgio Valla’s catalogs.

Earlier translations of Copernicus’ minor astronomical writings, the Commentariolus and Letter against
Werner, were invariably done on the basis of one text, whether a manuscript or its printed version. The
translations in the Complete Works are based on a collation of all the extant copies, some of which were
discovered only recently.

Copernicus’ Latin translation of the Greek Letters by Theophylactus Simocatta presented us with
another challenge, since Copernicus’ text departed considerably from that published by Aldus Manutius
in 1499—the only printed version known to have been available to him at the time. Once again, earlier
scholars, puzzled by the deviations, postulated that Copernicus had used another text, now unknown.
After examining the microfilm of the Greek-Latin and Latin-Greek dictionary used by Copernicus, and
containing his annotations, as well as the copy of Manutius’ Epistolographers, we rejected the “different
text” hypothesis in favor of a data-based explanation that could account for the discrepancies. This time,
too, our endeavors were successful, and our commentary explains every error, omission, and deviation.

In 1517 and 1519, Copernicus wrote two economic treatises that differ only slightly from each other;
several years later, he wrote a third, the Monete cudende ratio (Essay on the Coinage of Money), which
varies in some small respects from the earlier two. Copernicus did not date his third treatise, and several
scholars have argued for a variety of dates, ranging from 1526 to 1528. On the basis of textual and other
historical evidence (cf. p. 171), we assigned a date of April 1525 to 17 July 1526. To facilitate comparisons
of all three texts, Minor Works presents the 1517 treatise (Meditata [Private Reflections]) in the middle of
the page, the changes contained in the 1519 treatise (Denkschrift) on the left, and those in the third (Monete
cudende ratio) on the right.

In 1972, Bishop Jan Obfak of Varmia compared the handwriting of Copernicus in Volume I of the
Complete Works with that of the 1520 inventory of the Varmia Chapter documents. He realized that the
inventory had been incorrectly attributed to Copernicus’ friend Bishop Tiedemann Giese, as it bore all
the characteristics of Copernicus’ hand. Bishop Obfak published the inventory’s facsimile, together with
the transcription of its text, its Polish translation, and a substantial commentary. Upon a careful scrutiny
at the Olsztyn diocesan archives of all the extant documents (many perished during the Second World
War), I corrected many of Oblak’s misidentifications and misdatings of the documents listed in the 1520
inventory (some of the dates were written using the Roman or ecclesiastical calendar).

Finally, among the commentary, corrections, and recalculations included in the appendix of this soft-
cover edition of the Revolutions, is Rosen’s crucial clarification of the handwritten annotations on two
original copies of the book: a copy of the first edition, Ottoboniano Latino #1902, and a copy of the
second edition, the “Cimelia” copy. Certain scholars had previously assigned authorship to Tycho Brahe
—an attribution that, if true, would create serious inconsistencies with all other historical evidence per-
taining to how Brahe made use of Copernicus’ work as he developed his own, Tychonic system in the
1570s and 1580s. In a definitive reanalysis of the evidence (“In defense of Tycho Brahe,” Archive for
History of Exact Sciences 24[1980]:257—65), Rosen established that the author of the annotations on the
two copies was Paul Wittich, a Silesian astronomer.

XIV




INTRODUCTION TO THE SOFTCOVER EDITION

In closing, let me reiterate Professor Rosen’s thanks to our friends Wanda and Tadeusz Pochopien,
for their assistance in supplying us with hard-to-obtain books, as well as microfilms and photocopies of
documents from various Polish libraries. I can do no better than to allow Copernicus himself the last
word here, with his advice to the reader printed on the title page of the 1543 edition of the Revolutions:
“Eme, lege, fruere” (buy, read, and enjoy [this work]).

Erna Hilfstein
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176 DEATH IN REGENSBURG

Once I measured the heavens, ‘
Now I measure the shadows of the earth. ,
Although my soul came from heaven, o
The shadow of my body lies here. 1

Chronology of Principal Events in Kepler’s Life

But it did not lie there for long. As in life he had been o
granted little peace, so he was granted even less in death. |
For the boots of the soldiers who would destroy the little
churchyard and scatter its contents were already on the
march. o
1571 Born December 27 in Weil der Stadt, Germany.
1577-1589 Successively attends Swabian schools at Leon- ;

berg, Adelberg and Maulbronn. 1 ’
1589 Enters University of Tiibingen.

R 1594 Leaves Tiibingen and accepts professorship at Graz in I

Styria.

1594-1600 Serves as mathematics professor and district i
mathematician in Graz.

1597 Marries Barbara Miiller. Publishes Mysterium Cos- i
mographicum.

1598 Forced out of Graz by Counter Reformation but is L
allowed to return. ‘“'

1600 First meets Tycho Brahe at Benatky Castle near ‘
Prague. Forced out of Graz for good by Counter Reforma-
tion. :

1601 Works with Tycho Brahe. Tycho Brahe dies. Kepler

appointed imperial mathematician.

1601—1612 Serves as imperial mathematician at the court
of Rudolf II in Prague, Bohemia.

1602 Discovers Second Planet Law, as applied to a circular
orbit. '

1604 Tries out oval theories of a planetary motion.

1605 Discovers First Planet Law of elliptical orbits.

1609 Publishes Astronomia Nova, containing first two Planet
Laws.
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178 CHRONOLOGY

1611 Applies for position in Linz and 1s accepted. Frau
Barbara Kepler dies.

1612 Emperor Rudolf II dies. Matthias becomes Holy

Roman Emperor. Kepler arrives in Linz.

1612-1626 Serves as district mathematician and teacher in
Linz.

1613 Marries second wife, Susanna Reuttinger.

1616 First learns of witchcraft accusations against his mother.

1618 Discovers Third Planet Law. Thirty Years War
breaks out; last until 1648.

1619 Publishes Harmonice Mundi ( “World Harmony”)
containing Third Planet Law. Ferdinand 11 becomes Holy
Roman Emperor.

1620 Attends mother’s witch trial and defends her.

1626 Siege of Linz. Journeys to Ulm for printing of
Rudolphine Tables.

1627 -Publishes Rudolphine Tables. Goes to Prague.

1628 Accepts offer of patronage by Wallenstein.

1628-1630 Lives and works in Sagan.

1630 Dies in Regensburg on November 15.
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Boyhocd in Swabia and Early Schooling

DESPI’I‘E the hard life that lay ahead of him, Johannes
Kepler was born at a time when Furope was awakening
to new thoughts.and ideas. In almost every country, great
men were emerging whose contributions to culture would
enrich the whole world. There was Galileo in Italy, Shake-
speare and Harvey in England, Descartes in France, Cer-
vantes in Spain, Rembrandt in Holland and many more.

.Germany’s contribution to this memorable list was the name
of Johannes Kepler. '

Born on December 27, 1571, in Weil der Stadt, a free city
under the Holy Roman Empire in the southern section of
Germany known as Swabia, Johannes came from a long line
of Keplers who had seen better days.

In former times, the name Kepler—sometimes it was
spelled “Keppler,” “Kepner,” _or “Kgpler”—had been
borne by courageous medieval knights, titled noblemen and
prominent businessmen. But this proud family, which had
once boasted an elaborate coat of arms, had been forced by
financial need to enter the craftsman’s class in the early six-
teenth century. This was indeed unfortunate, for had the
family been able to hold on to their wealth and position,
Johannes might have had a better chance to accomplish his
great work in peace and security. ’

Yet even though the Keplers had become craftsmen, sev-
eral of them still displayed the fire and ambition that had
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Ture ProLEmalic UNIVERSE

Above, an overall view of how Ptolemy conceived of the uni-
verse. The earth—a sphere—was set in the centre of the heavens,
with the sun and planets revolving around it. Below, a close-up
view showing the secondary motion of the planets. Each planet
was supposed to move in its epicycle, @ small circle whose centre
in turn travelled along a larger circle, the deferent.

NMICOLA! corEREICY
fet,in quotersam cumorbelunaritanquam epicyclo continerd
diximus.Quineo loco Venusnono menfereducitur,  Sextum
denicp locum Mercurius tenct,oftuaginea dierum fpaciocx’rcﬁ
surrens. lnmedio uero omniumrefides Sol.  Quis eniminho¢

pulcherrimo templolampadem hancinalio uet meliorilocope
nerct,quamunde rotum fimul pofsit illuminare:Siquidem non
inepte quidam lucernam mundi,al mentem,aliy reCtorem uce
cant. Trimegiftus uifibilem Deum, Sophoclis EleCtra intuent€
omnia.lta profeftotanquaminfolio regali Solrefidens. cx'.rc.um
ageantem gubernat Aftrorum familiam. Tellusquoque minime
fraudaturlunari minilterio, fed ut Ariftoteles deanimalibus ait,
maximam Lunacum terra cognation haber. Gacipitinterea 2
Soleserra, & impregnatur apnno partu. Inucnimus igitur fub
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THuEe CoreErNICAN UNIVERSE

This is Copernicus’ heliocentric system as reproduced from a page
of his famous- De Revolutionibus Orbium Celestium (“On the
Revolutions of the Heavenly Bodies”). Upsetting the belief of
centuries that the earth was the fixed cenire of the universe,
Copernicus placed the sum- at the cemtre. This disturbed men
greatly, for the earth was no longer the centre of all things. It
was simply another planet orbiting the sun.




32 “THE MYSTERY OF THE UNIVERSE”

planets were based on the circle. This belief went back to the
old Greek philosophical tradition that considered a circle and
a sphere (many circles) to be “perfect figures.” Now, accord-
ing to Euclid’s geometry, there are only five solid figures that
are “perfect,” or regular. By a “regular” solid is meant one
with all its faces, edges, and angles absolutely alike.

The five regular solids are these: the octahedron (an
8-sided figure); the icosahedron (a 20sided figure); the
dodecahedron (a 12-sided figure) ; the tetrahedron (a 4-sided
figure) ; and the cube (a 6-sided figure). The sphere itself is
not considered a regular solid since it has only one “side” or
“face.”

Kepler was now beside himself with excitement. Eagerly,
he began to apply these five regular solids to the Copernican
planetary system.

Kepler began with his own planet—the earth. He repre-
sented the earth’s orbit by a sphere “as the norm and measure
of all.” Around this sphere, Kepler circumscribed a dodeca-
hedron and put another sphere around it—which was approxi-
mately the orbit of Mars! Around this sphere in turn, Kepler
circumscribed a tetrahedron, the corners of which roughly
marked the sphere of the orbit of Jupiter. Again, around this
new sphere, he circumscribed a cube, whose corners touched
the sphere of the orbit of Saturn.

Now, working inward toward the sun, he inscribed in the
sphere of the earth’s orbit an icosahedron, the corners of
which touched the orbit of the planet Venus. Lastly, inside
Venus’ orbit, Kepler inscribed an octahedron, whose corners
roughly marked out the spherical orbit of Mercury.

Here, Kepler believed, was the reason for there being just
six planets—no more and no fewer. Euclid had shown cen-
turies ago that there could be only five regular solids. And
this number corresponded exactly to the gaps that existed
between the orbits of the six planets. '

“THE MYSTERY OF THE UNIVERSE” 33

Today we realize that Kepler’s ingenious theory was an
accidental and untrue one. For one thing, there are nine
known planets—not six. For another, their real orbital dis-

H QL D

CUBE TETRAHEDRON DODECAHEDRON ICOSAHEDRON QCTAHEDRON

Framework model showing the five regular Euclidean solids as
Kepler thought them to be among the planetary orbits. To Kepler,
the arrangement provided a clue to the divine structure of the
universe. Above, the five regular solids. Below, the solids as ap-
plied to the planctary orbits. The solids were supposed to ﬁt.be—
tween the spheres in the following order: Saturm, cube, Jupiter,
tetrahedron, Mars, dodecahedron, Earth, icosahedron, ‘ Venus,
octahedron, Mercury.

tances agree only very approximately with Kepler’s theory.
Moreover, the orbits of the planets were later proved by

“Kepler himself to be not spherical at all, but elliptical.

Young Kepler, however, in the year 1595, believed that
God had allowed to be revealed to him one of the fundamen-
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Tycho Brahe's famous “Uraniborg” on the island of Huen,
twenty miles north of Copenhagen. Tycho laboured here for
twenty years making his astonishingly accurate observations of the
heavens. Uraniborg was a completely self-sufficient city within
itself. Shown here is the fagade of the castle proper; outside lay
sumptuous grounds and gardens, the four observatories, and other
buildings.

QVADRANS MVRALIS

SIVE TICHONICUS. -

Huen, 1587. An old engraving showing the go-year-old Tycho
sitting in his observatory. Brahe is pointing to a slit in the wall as
one of his assistants (at F) takes a sighting through it with the
large quadrant. Other assistants in the background are taking ob-
servations on different levels of the observatory. Assistant at lower

" left 15 writing down the observed data.
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The large sextant used by Tycho for measuring angular distances 3 . ) )

between two celestial bodies by direct sighting. ; ./fn instrurment devised by Ty f"k o B ra./ze for measuring the celes-

: tial altitudes of heavenly bodies. While the lower arm was fas-

: { tened at the horizontal, the upper arm could be raised by means o f

a screw, directing the sights toward the celestial object. Then the
altitude in degrees could be read off the calibrated scale.
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Mars Retrograde

Want to watch Mars in retrograde from your backyard?
Find out where and when Mars will appear in the night sky.

If you were to look up in the eastern sky at the same time each night and note where
Mars appears to be compared to the constellations of stars, you would find the planet a
little farther east with each viewing. That is, Mars appears to move from west to east. .

+ Mars Home from one night to the next.

2003 Retrograde 2005 Retrograde

“iMars Oppositio
=iMars Retrograde
» 2005
o Where to Find Mars
o When to View
» 2003
o Where to Find Mars
s When to View
~Mars Close Approaches

These apparent patterns caused by retrograde motion do not occur each evening. The patterns
would appear if you charted Mars' position in our night sky over several months' time (during
retrograde). Image Credit: NASA/JPL-Caltech ’

See the 2003 Mars Retrograde Animation

But every two years or 0O, there are a couple of months when Mars' position from night
to night seems to change direction and move east to west. This strange behavior was
very puzzling to early skywatchers. Did the planet really stop, back up, change its mind,
and then continue to move forward? Did it have some weird, mystical meaning?.

Today we know what's going on. It's an illusion, caused by the ways that Earth and
Mars orbit the sun.

The two planets are like race cars on an oval track. Earth has the inside lane and
moves faster than Mars -- SO much faster, in fact, that it makes two laps around the
course in about as much time as it takes Mars to go around once. That's why, this fall,
we will be celebrating the first full martian year that NASA's Mars Exploration Rovers
Spirit and Oppportunity have spent on the red planet, even though they landed nearly
two Earth years ago.

About every 26 months, Earth comes up from behind and overtakes Mars. While we're

httne//mars in\_nasa,qov/allabout/nightsky/nightsky04.html 2009/11/2
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passing by the red planet this year, it will look to us as though Mars is moving up and
down. Then, as we move farther along our curved orbit and see the planet from a
different angle, the illusion will disappear and we will once again see Mars move in a

straight line.

This apparent erratic movement is called "retrograde motion." The illusion also happens
with Jupiter and the other planets that orbit farther from the sun.

Just to make things a little more odd, the orbits that Earth and Mars follow don't quite lie
in the same plane. It's as if the two planets were on separate tracks that are a little tilted
with respect to each other. This causes another strange illusion.

Suppose you were to draw a dot on a sky map each night to show where Mars appears
as it moves forward, goes through retrograde, and then resumes its forward motion.
Connect the dots, and you'll draw either a loop or an open zigzag. The pattern depends
on where Earth and Mars happen to be in their tilted racetrack orbits.

This year's martian retrograde runs from October 1 to December 9, and forms an open
zigzag. Even though 2003 saw the closest approach in 60,000 years, this fall Mars will
appear higher in our sky and brighter than two years ago. This is due to the tilt of the
planets and the corresponding seasons. In 2003, the closest approach occurred in
August - Earth's summer. The red planet was lower in Earth's sky (closer to the horizon)
and, therefore, our view of it was dulled a bit by our own thick atmosphere. This year,
closest approach will occur at the end of October - Earth's fall. With Mars higher in our
night sky (without any atmospheric interference), it will appear clearer and crisper to sky
watchers.
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+ Freedom of Information Act
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accountability report

+ NASA Privacy Statement, Disclaimer, and
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Tycho Brahe

From Wikipedia, the free encyclopedia

Tycho Brahe (14 December 1546 — 24 |
October 1601), born Tyge Ottesen TyChO Ottesen Brahe

Brahe, 1121B14] was a Danish noblema n
known for his accurate and comprehensive
astronomical and planetary observations.
Coming from Scania, then part of |
Denmark, now part of modern-day
Sweden, Tycho was well known in his
lifetime as an astronomer and alchemist.

In his De nova stella (On the new star) of
1573, he refuted the Aristotelian belief in
an unchanging celestial realm. His precise
measurements indicated that "new stars"
(novae or also now known as supernovae),
in particular that of 1572, lacked the |
parallax expected in sub-lunar phenomena,
and were therefore not "atmospheric" tail-
less comets as previously believed, but
occurred above the atmosphere and moon..
Using similar measurements heShowed " | Bomn 14 December 1546
that comets were also not atmospheric ‘
phenomena, as previously thought, and
must pass through the supposed

Knutstorp Castle, Scania, Denmark,
Denmark—Norway

Died 24 October 1601 (aged 54)

"immutable" celestial spheres;’[fs]
' o Prague, Holy Roman Empire

Tycho Brahe was granted an estate on the ! N :
island of Hven and the funding to build the Nationality Danish
Uraniborg, an early research institute, - Education Private
where he built large astronomical
instruments and took many careful
measurements, and later Stjerneborg,
underground, when he discovered that his ' Spouse ~ Kirsten Barbara Jorgensdatter
instruments in the former were not
sufficiently steady. Something of an s
autocrat on the island he nevertheless . Parents  Otte Brahe and Beate Bille
founded manufactories such as paper- ’
making to provide material for printing his
results. After disagreements with the new
Danish king in 1597, he was mvited by the |
Bohemian king and Holy Roman emperor
Rudolph II to Prague, where he became the 0fﬁc1a1 imperial astronomer. He built the new

Occupation Nobleman, Astronomer

Religion  Lutheran

Children 8

Signature
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observatory at Bendtky nad Jizerou. Here, from 1600 until his death in 1601, he was assisted
by Johamnes Kepler. Kepler later used Tycho's astronomical results to develop his own

theories of astronomy.

As an astronomer, Tycho worked to combine what he
saw as the geometrical benefits of the Co»pemican system
with the philosophical benefits of the Ptolemaic system
into his own model ol the universe, the Tychonic system.
Furthermore, he was the last of the major naked eye
astronomers, working without telescopes for his
observations.

Tycho is credited with the most accurate astronomical - Monument of Tycho Brahe and
observations of his time, and the data was used by his  Johannes Kepler in Prague
assistant, Johannes Kepler, to derive the laws of planetary
motion. ‘
Contents
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Early years

Tycho was born at his family's ancestral scat of Knutstorp Castle (Danish: Knudstrup borg;

Swedish: Knutstorps [>(>z‘g)?[6] about eight kilometres north of Sval6v in then Danish Scania,
now Swedish, to Otte Brahe (of the Brahc family) and Beate Bille (of the Bille family)). His

twin brother died beforc being baptized. Tycho wrote a Latin ode to his dead twin, [7] which
was printed in 1572 as his first published work. He also had two sisters, one older (Kirstine
Brahe) and one younger (Sophia Brahe).

Otte Brahe, Tycho's f:ther, was a nobleman and an important figure at the court of the
Danish king. His mother, Beate Bille, came from an important family that had produced
leading churchmen and politicians. Both parents are buried under the floor of Kagerdd
Church, four kilometres east of Knutstorp. An epitaph, originally from Knutstorp, but now
on a plaque near the church door, shows the whole family, including Tycho as a boy.

Tycho later wrote that when he was around age two, his uncle, Danish nobleman Jergen
Thygesen I3rahe, "wi:l:out the knowled e of my parents took me away with him while I was
in my earli>st youth (- become a scholar". Apparently, this did not lead to dispute, nor did his
parents attcmpt to get him back. According to one source, 8] Tycho's parents had promised
to hand over a boy chiid to Jergen and iis wife, who were childless, but had not honoured
this promise. Jorgen seems to have takc: matters into his own hands and took the child away
to his own residence, ' osterup Castle.

Tycho attended Latin school from ages 6 (o 12, but the name of the school is not known. It
is also thought he may have been taught by a private tutor between these ages. At age 12, on
19 April 1339, Tycho began studies at the University of Copenhagen. There, following his
uncle's wi-hes, he studied law, but also studied a variety of other subjects and became
interested in astronon: . The solar eclipse of 21 August 1560, especially the fact that it had
been prc«,iiutc—:d,[9] so impressed him that he began to make his own studies of astronomy,
helped by some of the professors. He purchased an ephemeris and books on astronomy,
including }«channes de Sacrobosco's De - phaera mundi, Petrus Apianus's Cosmographia seu
descriptic 1otius orlis und Regiomontanus's De triangulis omnimodis. Jorgen Thygesen
Brahe, hovever, waiid Tycho to edu. e himself in order to become a civil servant, and

“sent him ¢ a study 10+ of Burope in ¢:rly 1562, Tycho was given the 19-year-old Anders
Sgrensen “odel as mietor, whom he ev ntually talked into allowing the pursuit of astronomy
during the wour. [0

Tycho revlized that piouress in astronor'y required systematic, rigorous observation, night
after night using the + st accurate instrusments obtainable. This program became his life's
work. Tyc o improv i and enlarged existing instruments, and built entirely new ones. His
sister Suplia assiste Tycho in many of his measurements. Tycho was the last major
astronomer to work without the aid of telelescope, soon to be turned skyward by Galileo and
others.

Tycho jealously guorded his large body Of celestial measurements, which Kepler took under
his carc following Tychbb's death.[11]

en.wikipedia.org/ ikif1 cho_Brabe ) 3/21




1217722

Tycho's nose

Tycho Brahe - Wiki;ia, the [ree encyclopedia

While studying at University of Rostocl: in Germany, on 29 December 1566 Tycho lost part
of his nose in a sword duel against felloww Danish nobleman (and his third cousin), Manderup

Parsberg.[lz]m] Tycho had earlier quarrelled with Parsbjerg over the legitimacy of a
mathematic formula, ot a wedding danc at professor Lucas Bachmeister's house on the
10th, and again on the 27th. Since neitlir had the resources to prove the other wrong, they

ended up resolving th. issue with a duct ' The duel two days later (in the dark) resulted in
Tycho losing the bridue of his nose.l'?! "rom this event Tycho became interested in medicine

and alchemy.[]z] For the rest of his Iifc.

ie was said to have worn a replacement made of

sitver und gold,m] using a paste or ghie 1o keep it attached.!!3] Some people, such as Fredric

Thren and Cecil Adain: have suggested

when Tycho's tomb i1s opened in 24

suggesing copper.“““ Cecil Adams alse

examined the remain: )

comlortable and less .«

Death of his unc!:

His uncle and foster iher, Jorgen Bru!
vk from drownii
travels and his fathcr vanted him to taie
Rostok, then on to \igsburg (where fi
end ' 1570 he was :iormed about hi:
19 May 1571.0

Fred.rick IT of Deni:

wherc his father dic -
build an observatory :1d alchemical I+

Family life

Towards the end of .. 71, Tycho fell i
Lutheran minister i - :mclstrup.[l6] Si
her. However, under  anish law, who:s

openly as husband a:: : wife, and she v

wifc. their alliance b ime a binding 11+

retained his noble sta .« and privilege+:
legitimate in the eyes i (he law, but
inherit their father's 1+ ue, coat of arn:
children were later t¢  fied as legitima:

Kirsten Jorgensdatter ve birth to the'

sistcr, who died at 13 1 October 12,
lived to adulthood. 1+

born. Kirsten and Ty o lived togethe:

en.wikipedisorg/wiki/Tycho_Brahe .

Vo

avy than a pree:

574, they mov:

Jiat the false nose also had copper. Thren wrote that

“ine 1901 green marks were found on his skull,

nentions a green colouring and that medical experts

) Some histori s have speculated that he wore a number of

different prosthetics 1 different occas

s, noling that a copper nose would have been more

s metal one.p‘]

~, died in 1565 of pneumonia after rescuing

in Anril 1567, Tycho returned home from his

up i, but Tycho was allowed to make trips to
built a great quadrant), Basel, and Freiburg. At the
“ather's ill health, so he returned to Knutstorp Castle,

1 Soon after, his other uncle, Steen Bille, helped him
ratory at Herrevad Abbey.[lz]

love with Kirsten, daughter of Jorgen Hansen, the

was a commoner, and Tycho never formally married
1 nobleman and a common woman lived together
e the keys to the household at her belt like any true
roanatic marriage after three years. The husband

1e wile remained a commoner. Their children were
- were commoners like their mother and could not

or lan dholdings.[m However, Kirsten and Tycho's
by Tycho's younger sister, Sophie.

Arst daughter, Kirstine (named after Tycho's late
“73. Together they had eight children, six of whom

- to Copenhagen where their daughter Magdalene was
o almost thirty years until Tycho's death.
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Benatky nad Jizerou

Coordinates: 50°17'22"N 14°49'52"E

From Wikipedia, the free encyclopedia

Benatky nad Jizerou (Czech
pronunciation: ['bena:tkr 'nadjizerou];

German: Benatek) is « town on the Jizera
river in the Central Bohemian Region of

the Czech Republic, between the cities
Stara Boleslav and Mlada Boleslav.

The city was the site ol a castle and
observatory built by a:tronomer Tycho

Benatky nad Jizerou

Town

i

Coat of arms

Brahe.
Country Czech Republic
Region Central Bohemian
District Milada Boleslav
Commune Milada Boleslav
M unicipality Benatky nad Jizerou
River Jizera

a1 Elevation 225 m (738 ft)

Benutky Castle - Coordinates 50°1722"N 14°49'52"E
R - .* - Area 35.46 ki (13.69 sq mi)
External linls ,

Population 7,042 (2006-10-02)
= Municipal websiic (in Czech) Density 199 /kant (515 / sq mi)
(http//www.ben :1tl<y.cz/)' First mentioned 1259
= Town castle (in (ierman) Mayor Jaroslav Kral
(hitp://www.bra- apamatek.cz/d-
vypis.php?login- benatkynj) Timezone CET (UTC+1)
: - summer (DST) CEST (UTC+2)

Retricved from |
~"http:‘enawvikipedia.o ro/wiindex.php?

Postal code

29301 - 29471

AT

Location in the Czech Republic

Wikimedia Commons: Benatky nad Jizerou

Statistics: statnisprava.cz
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Johannes Kepler
From Wikipedia, the free encyclopedia

Johannes Kepler (German pronunciation: ['’k"eple]; December 27, 1571 — November 15,
1630) was a German mathematician, astronomer and astrologer. A key figure in the
17th century scientific revolution, he is best known for his eponymous laws of planetary
motion, codified by later astronomers, based on his works Astronomia nova,
Harmonices Mundi, and Epitome of Copernican Astronomy. These works also
provided one of the foundations for Isaac Newton's theory of universal gravitation.

During his career, Kepler was a mathematics teacher at a seminary school in Graz,
Austria, where he became an associate of Prince Hans Ulrich von Eggenberg. Later he
became an assistant to astronomer Tycho Brahe, and eventually the imperial
mathematician to Emperor Rudolf II and his two successors Matthias and Ferdinand I1.
He was also a mathematics teacher in Linz, Austria, and an adviser to General
Wallenstein. Additionally, he did fundamental work in the field of optics, invented an
improved version of the refracting telescope (the Keplerian Telescope), and mentioned
the telescopic discoveries of his contemporary Galileo Galilei.

Kepler lived in an era when there was no clear distinction between astronomy and
astrology, but there was a strong division between astronomy (a branch of mathematics
within the liberal arts) and physics (a branch of natural philosophy). Kepler also
incorporated religious arguments and reasoning into his work, motivated by the religious
conviction and belief that God had created the world according to an intelligible plan that
is accessible through the natural light of reason.[!] Kepler described his new astronomy
as "celestial physics",[z] as "an excursion into Aristotle's Metaphysics",[3] and as "a
supplement to Aristotle's On the Heavens",[4] transforming the ancient tradition of
physical cosmology by treating astronomy as part of a universal mathematical
physics.[s]
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Johannes Kepler was born on December 27, 1571, at the Free
Imperial City of Weil der Stadt (now part of the Stuttgart
Region in the German state of Baden-Wiirttemberg, 30 km
west of Stuttgart's center). His grandfather, Sebald Kepler, had
been Lord Mayor of that town but, by the time Johannes was
born, he had two brothers and one sister and the Kepler family
fortune was in decline. His father, Heinrich Kepler, earned a
precarious living as a mercenary, and he left the family when
Johannes was five years old. He was believed to have died in
the Eighty Years' War in the Netherlands. His mother
Katharina Guldenmann, an inn-keeper's daughter, was a healer

The Great Comet of 1577 whlch

Kepler V""m?ssed as a child, attracted and herbalist who was later tried for witchcraft. Born
the attention of astronomers across prematurely, Johannes claimed to have been weak and sickly as
Europe. a child. Nevertheless, he often impressed travelers at his

grandfather's inn with his phenomenal mathematical faculty.["]

He was introduced to astronomy at an early age, and developed a love for it that would span his entire
life. At age six, he observed the Great Comet of 1577, writing that he "was taken by [his] mother to a

high place to look at it. ol7] At age nine, he observed another astronomical event, a lunar eclipse in
1580, recording that he remembered being "called outdoors" to see it and that the moon "appeared

quite red".[”] However, childhood smallpox left him with weak vision and crippled hands, limiting his
ability in the observational aspects of astronomy.[g]

In 1589, after moving through grammar school, Latin school, and seminary at Maulbronn, Kepler
attended Tiibinger Stift at the University of Tiibingen. There, he studied philosophy under Vitus S

Miiller®] and theology under Jacob Heerbrand (a student of Philipp Melanchthon at Wittenberg), who B‘fthplace of Johares Keplef in
also taught Michael Maestlin while he was a student, until he became Chancellor at Tiibingen in Weil der Stadt

1590.110] He proved himself to be a superb mathematician and earned a reputation as a skillful
astrologer, casting horoscopes for fellow students. Under the instruction of Michael Maestlin, Tiibingen's professor of mathematics from
1583 to 1631,119 he learned both the Ptolemaic system and the Copernican system of planetary motion. He became a Copernican at that
time. In a student disputation, he defended heliocentrism from both a theoretical and theological perspective, maintaining that the Sun was
the principal source of motive power in the universe.[!!] Despite his desire to become a minister, near the end of his studies Kepler was
recommended for a position as teacher of mathematics and astronomy at the Protestant school in Graz (later the University of Graz). He
accepted the position in April 1594, at the age of 23.[12]

Graz (1594-1600)

Mysterium Cosmographicum

Johannes Kepler's first major astronomical work, Mysterium Cosmographicum (The Cosmographic
Mystery), was the first published defense of the Copernican system. Kepler claimed to have had an
epiphany on July 19, 1595, while teaching in Graz, demonstrating the periodic conjunction of Saturn
and Jupiter in the zodiac; he realized that regular polygons bound one inscribed and one circumscribed
circle at definite ratios, which, he reasoned, might be the geometrical basis of the universe. After failing
to find a unique arrangement of polygons that fit known astronomical observations (even with extra
planets added to the system), Kepler began experimenting with 3-dimensional polyhedra. He found that
each of the five Platonic solids could be uniquely inscribed and circumscribed by spherical orbs; nesting
these solids, each encased in a sphere, within one another would produce six layers, corresponding to
the six known planets—Mercury, Venus, Earth, Mars, Jupiter, and Saturn. By ordering the solids
correctly—octahedron, icosahedron, dodecahedron, tetrahedron, cube—Kepler found that the spheres
could be placed at intervals corresponding (within the accuracy limits of available astronomical
observations) to the relative sizes of each planet’s path, assuming the planets circle the Sun. Kepler
also found a formula relating the size of each planet’s orb to the length of its orbital period: from inner
to outer planets, the ratio of increase in orbital period is twice the difference in orb radius. However,

Kepler later rejected this formula, because it was not precise enough.m]

Kepler's Platonic solid model of the
Solar system from Mysterium
Cosmographicum (1600)

As he indicated in the title, Kepler thought he had revealed God’s geometrical plan for the universe. Much of Kepler’s enthusiasm for the
Copernican system stemmed from his theological convictions about the connection between the physical and the spiritual; the universe
itself was an image of God, with the Sun corresponding to the Father, the stellar sphere to the Son, and the intervening space between to
the Holy Spirit. His first manuscript of Mysterium contained an extensive chapter reconciling heliocentrism with biblical passages that

seemed to support geocentrism.[M]

With the support of his mentor Michael Maestlin, Kepler received permission from the Tiibingen university senate to publish his
manuscript, pending removal of the Bible exegesis and the addition of a simpler, more understandable description of the Copernican
system as well as Kepler’s new ideas. Mysterium was published late in 1596, and Kepler received his copies and began sending them to
prominent astronomers and patrons early in 1597; it was not widely read, but it established Kepler’s reputation as a highly skilled
astronomer. The effusive dedication, to powerful patrons as well as to the men who controlled his position in Graz, also provided a crucial
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doorway into the patronage system.[lsl

Though the details would be modified in light of his later work, Kepler never relinquished the Platonist
polyhedral-spherist cosmology of Mysterium Cosmographicum. His subsequent main astronomical
works were in some sense only further developments of it, concerned with finding more precise inner
and outer dimensions for the spheres by calculating the eccentricities of the planetary orbits within it. In
1621 Kepler published an expanded second edition of Mysterium, half as long again as the first,
detailing in footnotes the corrections and improvements he had achieved in the 25 years since its first

publication.[m]

In terms of the impact of Mysterium, it can be seen as an important first step in modernizing

Close-up of inner section of the Copernicus' theory. There is no doubt that Copernicus' "De Revolutionibus" seeks to advance a sun-
model centered system, but in this book he had to resort to Ptolemaic devices (viz., epicycles and eccentric
circles) in order to explain the change in planets' orbital speed. Furthermore, Copernicus continued to
use as a point of reference the center of the earth's orbit rather than that of the sun, as he says, "as an aid to calculation and in order not to
confuse the reader by diverging too much from Ptolemy." Therefore, although the thesis of the "Mysterium Cosmographicum" was in
error, modern astronomy owes much to this work "since it represents the first step in cleansing the Copernican system of the remnants of

the Ptolemaic theory still clinging to it." (17

Marriage to Barbara Miiller

In December 1595, Kepler was introduced to Barbara Miiller, a 23-year-old widow (twice over) with a
young daughter, Gemma van Dvijneveldt, and he began courting her. Miiller, heiress to the estates of
her late husbands, was also the daughter of a successful mill owner. Her father Jobst initially opposed a
marriage despite Kepler's nobility; though he had inherited his grandfather's nobility, Kepler's poverty
made him an unacceptable match. Jobst relented after Kepler completed work on Mysterium, but the
engagement nearly fell apart while Kepler was away tending to the details of publication. However,
church officials—who had helped set up the match—pressured the Miillers to honor their agreement.
Barbara and Johannes were married on April 27, 1597.118] Portraits of Kepler and his wife in
oval medallions

In the first years of their marriage, the Keplers had two children (Heinrich and Susanna), both of
whom died in infancy. In 1602, they had a daughter (Susanna); in 1604, a son (Friedrich); and in 1607,

another son (Ludwig).[lg]
Other research

Following the publication of Mysterium and with the blessing of the Graz school inspectors, Kepler began an ambitious program to extend
and elaborate his work. He planned four additional books: one on the stationary aspects of the universe (the Sun and the fixed stars); one
on the planets and their motions; one on the physical nature of planets and the formation of geographical features (focused especially on

Earth); and one on the effects of the heavens on the Earth, to include atmospheric optics, meteorology and astrology.[?'()]

He also sought the opinions of many of the astronomers to whom he had sent Mysterium, among them Reimarus Ursus (Nicolaus Reimers
Bir)—the imperial mathematician to Rudolph II and a bitter rival of Tycho Brahe. Ursus did not reply directly, but republished Kepler's
flattering letter to pursue his priority dispute over (what is now called) the Tychonic system with Tycho. Despite this black mark, Tycho
also began corresponding with Kepler, starting with a harsh but legitimate critique of Kepler's system; among a host of objections, Tycho
took issue with the use of inaccurate numerical data taken from Copernicus. Through their letters, Tycho and Kepler discussed a broad
range of astronomical problems, dwelling on lunar phenomena and Copernican theory (particularly its theological viability). But without the

significantly more accurate data of Tycho's observatory, Kepler had no way to address many of these issues.[21]

Instead, he turned his attention to chronology and "harmony," the numerological relationships among music, mathematics and the physical
world, and their astrological consequences. By assuming the Earth to possess a soul (a property he would later invoke to explain how the
sun causes the motion of planets), he established a speculative system connecting astrological aspects and astronomical distances to
weather and other earthly phenomena. By 1599, however, he again felt his work limited by the inaccuracy of available data—just as
growing religious tension was also threatening his continued employment in Graz. In December of that year, Tycho invited Kepler to visit
him in Prague; on January 1, 1600 (before he even received the invitation), Kepler set off in the hopes that Tycho's patronage could solve
his philosophical problems as well as his social and financial ones.[?2] When he was an old man, he was allowed to continue his work in his
home alone.

Prague (1600-1612)

Work for Tycho Brahe

On February 4, 1600, Kepler met T'ycho Brahe and his assistants Franz Tengnagel and Longomontanus at Benatky nad Jizerou (35 km
from Prague), the site where Tycho's new observatory was being constructed. Over the next two months he stayed as a guest, analyzing
some of Tycho's observations of Mars; Tycho guarded his data closely, but was impressed by Kepler's theoretical ideas and soon allowed
him more access. Kepler planned to test his theony[23] from Mysterium Cosmographicum based on the Mars data, but he estimated that
the work would take up to two years (since he was not allowed to simply copy the data for his own use). With the help of Johannes
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Jessenius, Kepler attempted to negotiate a more formal employment arrangement with Tycho, but negotiations broke down in an angry
argument and Kepler left for Prague on April 6. Kepler and Tycho soon reconciled and eventually reached an agreement on salary and
living arrangements, and in June, Kepler returned home to Graz to collect his family.{z‘q

Political and religious difficulties in Graz dashed his hopes of returning immediately to Tycho; in hopes of continuing his astronomical
studies, Kepler sought an appointment as mathematician to Archduke Ferdinand. To that end, Kepler compos osed-an-essay—dedicated-to—
Ferdinand—in which he proposed a force-based theory of lunar motion: "In Terra inest virtus, quae
Lunam ciet" ("There is a force in the earth which causes the moon to move").[zs] Though the essay did
not earn him a place in Ferdinand's court, it did detail a new method for measuring lunar eclipses,
which he applied during the July 10 eclipse in Graz. These observations formed the basis of his
explorations of the laws of optics that would culminate in Astronomiae Pars Optica.[26]

On August 2, 1600, after refusing to convert to Catholicism, Kepler and his family were banished from
Graz. Several months later, Kepler returned, now with the rest of his household, to Prague. Through
most of 1601, he was supported directly by Tycho, who assigned him to analyzing planetary
observations and writing a tract against Tycho's (by then deceased) rival, Ursus. In September, Tycho
secured him a commission as a collaborator on the new project he had proposed to the emperor: the
Rudolphine Tables that should replace the Prutenic Tables of Erasmus Reinhold. Two days after
Tycho's unexpected death on October 24, 1601, Kepler was appointed his successor as imperial
mathematician with the responsibility to complete his unfinished work. The next 11 years as imperial

mathematician would be the most productive of his life.[27]

Tycho Brahe

Advisor to Emperor Rudolph I

Kepler's primary obligation as imperial mathematician was to provide astrological advice to the emperor. Though Kepler took a dim view
of the attempts of contemporary astrologers to precisely predict the future or divine specific events, he had been casting well-received
detailed horoscopes for friends, family and patrons since his time as a student in Tiibingen. In addition to horoscopes for allies and foreign
leaders, the emperor sought Kepler's advice in times of political trouble (though Kepler's recommendations were based more on common
sense than the stars). Rudolph was actively interested in the work of many of his court scholars (including numerous alchemists) and kept

up with Kepler's work in physical astronomy as well.[28]

Officially, the only acceptable religious doctrines in Prague were Catholic and Utraquist, but Kepler's position in the imperial court allowed
him to practice his Lutheran faith unhindered. The emperor nominally provided an ample income for his family, but the difficulties of the
over-extended imperial treasury meant that actually getting hold of enough money to meet financial obligations was a continual struggle.
Partly because of financial troubles, his life at home with Barbara was unpleasant, marred with bickering and bouts of sickness. Court life,
however, brought Kepler into contact with other prominent scholars (Johannes Matthéius Wackher von Wackhenfels, Jost Biirgi, David

Fabricius, Martin Bachazek, and Johannes Brengger, among others) and astronomical work proceeded rapidly. (29]

Astronomiae Pars Optica

As he slowly continued analyzing Tycho's Mars observations—now available to him in their entirety—and
began the slow process of tabulating the Rudolphine Tables, Kepler also picked up the investigation of the
laws of optics from his lunar essay of 1600. Both lunar and solar eclipses presented unexplained phenomena,
such as unexpected shadow sizes, the red color of a total lunar eclipse, and the reportedly unusual light
surrounding a total solar eclipse. Related issues of atmospheric refraction applied to all astronomical
observations. Through most of 1603, Kepler paused his other work to focus on optical theory; the resulting
manuscript, presented to the emperor on January 1, 1604, was published as Astronomiae Pars Optica (The
Optical Part of Astronomy). In it, Kepler described the inverse-square law governing the intensity of light,
reflection by flat and curved mirrors, and principles of pinhole cameras, as well as the astronomical
implications of optics such as parallax and the apparent sizes of heavenly bodies. He also extended his study
of optics to the human eye, and is generally considered by neuroscientists to be the first to recognize that
images are projected inverted and reversed by the eye's lens onto the retina. The solution to this dilemma was
Aplate ﬁom’%s"'o”"_””"‘e not of particular importance to Kepler as he did not see it as pertaining to optics, although he did suggest that
Pars Optica, ilustrating the | ¢ ia0e was later corrected "in the hollows of the brain" due to the "activity of the Soul."1*! Today,
structure of eyes Astronomiae Pars Optica is generally recognized as the foundation of modern optics (though the law of
refraction is conspicuously absent).3!] With respect to the beginnings of projective geometry, Kepler
introduced the idea of continuous change of a mathematical entity in this work. He argued that if a focus of a conic section were allowed
to move along the line joining the foci, the geometric form would morph or degenerate, one into another. In this way, an ellipse becomes a
parabola when a focus moves toward infinity, and when two foci of an ellipse merge into one another, a circle is formed. As the fociof a
hyperbola merge into one another, the hyperbola becomes a pair of straight lines. He also assumed that if a straight line is extended to
infinity it will meet itself at a single point at infinity, thus having the properties of a large circle.32! This idea was later utilized by Pascal,
Leibniz, Monge and Poncelet, among others, and became known as geometric continuity and as the Law or Principle of Continuity.

The Supernova of 1604

In October 1604, a bright new evening star (SN 1604) appeared, but Kepler did not believe the rumors until he saw it himself. Kepler
began systematically observing the nebula. Astrologically, the end of 1603 marked the beginning of a fiery trigon, the start of the ca. 800-
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year cycle of great conjunctions; astrologers associated the two previous such periods with the rise of Charlemagne (ca. 800 years earlier)
and the birth of Christ (ca. 1600 years earlier), and thus expected events of great portent, especially regarding the emperor. It was in this

Nova. In it, Kepler addressed the star's astronomical properties while taking a skeptical approach to the
many astrological interpretations then circulating. He noted its fading luminosity, speculated about its
origin, and used the lack of observed parallax to argue that it was in the sphere of fixed stars, further
undermining the doctrine of the immutability of the heavens (the idea accepted since Aristotle that the
celestial spheres were perfect and unchanging). The birth of a new star implied the variability of the
heavens. In an appendix, Kepler also discussed the recent chronology work of the Polish historian
Laurentius Suslyga; he calculated that, if Suslyga was correct that accepted timelines were four years
behind, then the Star of Bethlehem—analogous to the present new star—would have coincided with

the first great conjunction of the earlier 800-year cycle.[33]

Remnant of Kepler's Supernova
SN 1604

Astronomia nova

The extended line of research that culminated in Astronomia nova (A New Astronomy)—including the first
two laws of planetary motion—began with the analysis, under Tycho's direction, of Mars' orbit. Kepler
calculated and recalculated various approximations of Mars' orbit using an equant (the mathematical tool that
Copernicus had eliminated with his system), eventually creating a model that generally agreed with Tycho's
observations to within two arcminutes (the average measurement error). But he was not satisfied with the
complex and still slightly inaccurate result; at certain points the model differed from the data by up to eight
arcminutes. The wide array of traditional mathematical astronomy methods having failed him, Kepler set

about trying to fit an ovoid orbit to the data. [34]

Within Kepler's religious view of the cosmos, the Sun (a symbol of God the Father) was the source of motive
Al force in the solar system. As a physical basis, Kepler drew by analogy on William Gilbert's theory of the

The location of the stella magnetic soul of the Earth from De Magnete (1600) and on his own work on optics. Kepler supposed that the

nova, in the_f""t of ] motive power (or motive species)l>* radiated by the Sun weakens with distance, causing faster or slower

Ophiuchus, is marked with | 1 tion as planets move closer or farther from it.*137] Perhaps this assumption entailed a mathematical

an NV (8 grid squares down, | relationship that would restore astronomical order. Based on measurements of the aphelion and perihelion of

4 over from the left). the Earth and Mars, he created a formula in which a planet's rate of motion is inversely proportional to its

distance from the Sun. Verifying this relationship throughout the orbital cycle, however, required very
extensive calculation; to simplify this task, by late 1602 Kepler reformulated the proportion in terms of geometry: planets sweep out equal

areas in equal times—XKepler's second law of planetary motion. 38!

He then set about calculating the entire orbit of Mars, using the geometrical rate law and assuming an
egg-shaped ovoid orbit. After approximately 40 failed attempts, in early 1605 he at last hit upon the
idea of an ellipse, which he had previously assumed to be too simple a solution for earlier astronomers
to have overlooked. Finding that an elliptical orbit fit the Mars data, he immediately concluded that al/
planets move in ellipses, with the sun at one focus—K epler's first law of planetary motion. Because
he employed no calculating assistants, however, he did not extend the mathematical analysis beyond
Mars. By the end of the year, he completed the manuscript for Astronomia nova, though it would not
be published until 1609 due to legal disputes over the use of Tycho's observations, the property of his

heirs.[3]

pE MOTIB STELLA MARTIS

Dioptrice, Somnium manuscript and other work

In the years following the completion of Astronomia Nova, most of Kepler's research was focused on Diagram of the geocentric
preparations for the Rudolphine Tables and a comprehensive set of ephemerides (specific predictions trajectory of Mars through several
of planet and star positions) based on the table (though neither would be completed for many years). periods of apparent retrograde
He also attempted (unsuccessfully) to begin a collaboration with Italian astronomer Giovanni Antonio motion. Astronomia nova,
Magini. Some of his other work dealt with chronology, especially the dating of events in the life of Chapter 1, (1609).

Jesus, and with astrology, especially criticism of dramatic predictions of catastrophe such as those of
Helisaeus Roeslin,[40]

Kepler and Roeslin engaged in series of published attacks and counter-attacks, while physician Philip Feselius published a work dismissing
astrology altogether (and Roeslin's work in particular). In response to what Kepler saw as the excesses of astrology on the one hand and
overzealous rejection of it on the other, Kepler prepared Tertius Interveniens (Third-party Interventions). Nominally this work—
presented to the common patron of Roeslin and Feselius—was a neutral mediation between the feuding scholars, but it also set out
Kepler's general views on the value of astrology, including some hypothesized mechanisms of interaction between planets and individual
souls. While Kepler considered most traditional rules and methods of astrology to be the "evil-smelling dung” in which "an industrious hen"
scrapes, there was an "occasional grain-seed, indeed, even a pearl or a gold nugget" to be found by the conscientious scientific

astrologer. (41

In the first months of 1610, Galileo.Galilei—using his powerful new telescope—discovered four satellites orbiting Jupiter. Upon publishing
his account as Sidereus Nuncius (Starry Messenger), Galileo sought the opinion of Kepler, in part to bolster the credibility of his
observations. Kepler responded enthusiastically with a short published reply, Dissertatio cum Nuncio Sidereo (Conversation with the
Starry Messenger). He endorsed Galileo's observations and offered a range of speculations about the meaning and implications of Galileo's
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discoveries and telescopic methods, for astronomy and optics as well as cosmology and astrology. Later that year, Kepler published his
own telescopic observations of the moons in Narratio de Jovis Satellitibus, providing further support of Galileo. To Kepler's

disappointment, however, Galileo never published his reactions (if any) to Astronomia Nova.:(m]

After hearing of Galileo's telescopic discoveries, Kepler also started a theoretical and experimental
investigation of telescopic optics using a telescope borrowed from Duke Emest of Cologne.[43] The resulting
manuscript was completed in September 1610 and published as Dioptrice in 1611. In it, Kepler set out the
theoretical basis of double-convex converging lenses and double-concave diverging lenses—and how they are
combined to produce a Galilean telescope—as well as the concepts of real vs. virtual images, upright vs.
inverted images, and the effects of focal length on magnification and reduction. He also described an
improved telescope—now known as the astronomical or Keplerian telescope—in which two convex lenses

can produce higher magnification than Galileo's combination of convex and concave lenses.[44]

Around 1611, Kepler circulated a manuscript of what would eventually be
published (posthumously) as Somnium (The Dream). Part of the purpose
of Somnium was to describe what practicing astronomy would be like

Karlova street in Old ' from the perspective of another planet, to show the feasibility of a non-
Town, Prague — house geocentric system. The manuscript, which disappeared after changing
where Johannes Kepler hands several times, described a fantastic trip to the moon; it was part
fived. [1] gllegory,. part autob'iography, and part treatise on interp}anetary travel (and
(httpsfwww keplervpraze.cq. sometimes Flescnbed as the first Work.of science ﬁctlc?n). Years 'later, a
Museum distorted version of the story may have instigated the witchcraft trial

against his mother, as the mother of the narrator consults a demon to learn
the means of space travel. Following her eventual acquittal, Kepler
composed 223 footnotes to the story—several times longer than the actual text—which explained the
allegorical aspects as well as the considerable scientific content (particularly regarding lunar geography)

hidden within the text.[4]

Work in mathematics and physics

wecefGtateconcuyrentecnina

As a New Year's gift that year, he also composed for his friend and some-time patron Baron Wackher

von Wackhenfels a short pamphlet entitled Strena Seu de Nive Sexangula (4 New Year's Gift of Ore of the diagrams from Strena
Hexagonal Snow). In this treatise, he published the first description of the hexagonal symmetry of Seu de Nive Sexangula, ilustrating
snowflakes and, extending the discussion into a hypothetical atomistic physical basis for the symmetry the Kepler conjecture

and posed what later became known as the Kepler conjecture, a statement about the most efficient

arrangement for packing spheres.[46][47] Kepler was one of the pioneers of the mathematical applications of infinitesimals, see Law of
Continuity.

Personal and political troubles

In 1611, the growing political-religious tension in Prague came to a head. Emperor Rudolph—whose health was failing—was forced to
abdicate as King of Bohemia by his brother Matthias. Both sides sought Kepler's astrological advice, an opportunity he used to deliver
conciliatory political advice (with little reference to the stars, except in general statements to discourage drastic action). However, it was

clear that Kepler's future prospects in the court of Matthias were dim.[48]

Also in that year, Barbara Kepler contracted Hungarian spotted fever, then began having seizures. As Barbara was recovering, Kepler's
three children all fell sick with smallpox; Friedrich, 6, died. Following his son's death, Kepler sent letters to potential patrons in
Wiirttemberg and Padua. At the University of Tiibingen in Wiirttemberg, concerns over Kepler's perceived Calvinist heresies in violation
of the Augsburg Confession and the Formula of Concord prevented his return. The University of Padua—on the recommendation of the
departing Galileo—sought Kepler to fill the mathematics professorship, but Kepler, preferring to keep his family in German territory,
instead travelled to Austria to arrange a position as teacher and district mathematician in Linz. However, Barbara relapsed into illness and

died shortly after Kepler's return,[4%]

Kepler postponed the move to Linz and remained in Prague until Rudolph's death in early 1612, though between political upheaval,
religious tension, and family tragedy (along with the legal dispute over his wife's estate), Kepler could do no research. Instead, he pieced
together a chronology manuscript, Eclogae Chronicae, from correspondence and earlier work. Upon succession as Holy Roman Emperor,

Matthias re-affirmed Kepler's position (and salary) as imperial mathematician but allowed him to move to Linz.[%%

Linz and elsewhere (1612-1630)

In Linz, Kepler's primary responsibilities (beyond completing the Rudolphine Tables) were teaching at the district school and providing
astrological and astronomical services. In his first years there, he enjoyed financial security and religious freedom relative to his life in
Prague~—though he was excluded from Eucharist by his Lutheran church over his theological scruples. His first publication in Linz was De
vero Anno (1613), an expanded treatise on the year of Christ's birth; he also participated in deliberations on whether to introduce Pope
Gregory's reformed calendar to Protestant German lands; that year he also wrote the influential mathematical treatise Nova stereometria

doliorum vinariorum, on measuring the volume of containers such as wine barrels, published in 1615.151]
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Second marriage

On October 30, 1613, Kepler married the 24-year-old Susanna Reuttinger. Following the death of his first wife Barbara, Kepler had
considered 11 different matches. He eventually returned to Reuttinger (the fifth match) who, he wrote, "won me over with love, humble

loyalty, economy of household, diligence, and the love she gave the stepchildren."[52] The first three children of this marriage (Margareta
Regina, Katharina, and Sebald) died in childhood. Three more survived into adulthood: Cordula (b.-1621); Fridmar (b. 1623); and

Hildebert (b. 1625). According to Kepler's biographers, this was a much happier marriage than his first. 193]

Epitome of Copernican Astronomy, calendars and the witch trial of his mother

Since completing the 4stronomia nova, Kepler had intended to compose an astronomy textbook.[3] In
1615, he completed the first of three volumes of Epitome astronomiae Copernicanae (Epitome of
Copernican Astronomy); the first volume (books I-1IT) was printed in 1617, the second (book IV) in
1620, and the third (books V-VII) in 1621. Despite the title, which referred simply to heliocentrism,
Kepler's textbook culminated in his own ellipse-based system. The Epitome became Kepler's most
influential work. It contained all three laws of planetary motion and attempted to explain heavenly

motions through physical causes.[%] Though it explicitly extended the first two laws of planetary motion (applied to Mars in Astronomia
nova) to all the planets as well as the Moon and the Medicean satellites of Jupiter, it did not explain how elliptical orbits could be derived

from observational data.[56]

As a spin-off from the Rudolphine Tables and the related Ephemerides, Kepler published astrological calendars, which were very popular
and helped offset the costs of producing his other work—especially when support from the Imperial treasury was withheld. In his
calendars—six between 1617 and 1624—XKepler forecast planetary positions and weather as well as political events; the latter were often
cannily accurate, thanks to his keen grasp of contemporary political and theological tensions. By 1624, however, the escalation of those

tensions and the ambiguity of the prophecies meant political trouble for Kepler himself; his final calendar was publicly burned in Graz. (57

In 1615, Ursula Reingold, a woman in a financial dispute with Kepler's brother Christoph, claimed
Kepler's mother Katharina had made her sick with an evil brew. The dispute escalated, and in 1617,
Katharina was accused of witchcraft; witchcraft trials were relatively common in central Europe at this
time. Beginning in August 1620 she was imprisoned for fourteen months. She was released in October
1621, thanks in part to the extensive legal defense drawn up by Kepler. The accusers had no stronger
evidence than rumors, along with a distorted, second-hand version of Kepler's Somnium, in which a
woman mixes potions and enlists the aid of a demon. Katharina was subjected to territio verbalis, a
graphic description of the torture awaiting her as a witch, in a final attempt to make her confess.
Throughout the trial, Kepler postponed his other work to focus on his "harmonic theory". The result,

published in 1619, was Harmonices Mundi ("Harmony of the World").[58]

Harmonices Mundi

Main article: Harmonices Mundi

Kepler was convinced "that the geometrical things have provided the Creator with the model for
decorating the whole world."[%% In Harmony, he attempted to explain the proportions of the natural
world—particularly the astronomical and astrological aspects—in terms of music. The central set of
"hatmonies" was the musica universalis or "music of the spheres," which had been studied by
Pythagoras, Ptolemy and many others before Kepler; in fact, soon after publishing Harmonices
Mundi, Kepler was embroiled in a priority dispute with Robert Fludd, who had recently published his . .

. perfect solids from Harmonices

: 60
own harmonic theory.[ ] Mundi (1619)

Geometrical harmonies in the

Kepler began by exploring regular polygons and regular solids, including the figures that would come to

be known as Kepler's solids. From there, he extended his harmonic analysis to music, meteorology and astrology; harmony resulted from
the tones made by the souls of heavenly bodies—and in the case of astrology, the interaction between those tones and human souls. In the
final portion of the work (Book V), Kepler dealt with planetary motions, especially relationships between orbital velocity and orbital
distance from the Sun. Similar relationships had been used by other astronomers, but Kepler—with Tycho's data and his own astronomical

theories—treated them much more precisely and attached new physical significance to them.[61]

Among many other harmonies, Kepler articulated what came to be known as the third law of planetary motion. He then tried many
combinations until he discovered that (approximately) "The square of the periodic times are to each other as the cubes of the mean
distances." Although he gives the date of this epiphany (March 8, 1618), he does not give any details about how he arrived at this
conclusion.[%2] However, the wider significance for planetary dynamics of this purely kinematical law was not realized until the 1660s. For
when conjoined with Christian Huygens' newly discovered law of centrifugal force it enabled Isaac Newton, Edmund Halley and perhaps
Christopher Wren and Robert Hooke to demonstrate independently that the presumed gravitational attraction between the Sun and its
planets decreased with the square of the distance between them. %] This refuted the traditional assumption of scholastic physics that the
power of gravitational attraction remained constant with distance whenever it applied between two bodies, such as was assumed by Kepler
and also by Galileo in his mistaken universal law that gravitational fall is uniformly accelerated, and also by Galileo's student Borrelli in his
1666 celestial mechanics.[%* William Gilbert, after experimenting with magnets decided that the center of the Earth was a huge magnet.
His theory led Kepler to think that a magnetic force from the Sun drove planets in their own orbits. It was an interesting explanation for

en.wikipedia.org/wiki/Johannes_Kepler M4




1277123 Johannes Kepler - Wikipedia, the free encyclopedia
planetary motion, but it was wrong. Before scientists could find the right answer, they needed to know more about motion.

Rudolphine Tables and his last years

In 1623, Kepler at last completed the Rudolphine Tables, which at the time was considered his major

work. However, due to the publishing requirements of the emperor and negotiations with Tycho ‘55‘?0?"'0?@"3#‘“.‘? buvch v

L . . . o . Joannem Repplerum -
Brahe's heir, it would not be printed until 1627. In the meantime religious tension—the root of the L i 6o 8,
ongoing Thirty Years' War—once again put Kepler and his family in jeopardy. In 1625, agents of the B T
Catholic Counter-Reformation placed most of Kepler's library under seal, and in 1626 the city of Linz R RN ;z'-,’.e«..“ A """zcgm; P e
was besieged. Kepler moved to Ulm, where he arranged for the printing of the Tables at his own s s?"ng T N s s
expense.[6] P medpeeer N3

B W N

In 1628, following the military successes of the Emperor Ferdinand's armies under General e i Gepthunbiy g‘i” 4.
Wallenstein, Kepler became an official advisor to Wallenstein. Though not the general's court o U CEREMSIEE @V AT
astrologer per se, Kepler provided astronomical calculations for Wallenstein's astrologers and . I 15'3 ,}.‘g.’ ZOONGE
occasionally wrote horoscopes himself. In his final years, Kepler spent much of his time traveling, from D NA ‘

. . . . . D\ A A
the imperial court in Prague to Linz and Ulm to a temporary home in Sagan, and finally to Regensburg. Keoler's b for General
Soon after arriving in Regensburg, Kepler fell ill. He died on November 15, 1630, and was buried WeI;I e;:t _EmSCOP © for Lenera
there; his burial site was lost after the Swedish army destroyed the churchyard.[“] Only Kepler's self- aTenstel

authored poetic epitaph survived the times:

Mensus eram coelos, nunc terrae metior umbras
Mens coelestis erat, corporis umbra iacet.

I measured the skies, now the shadows I measure
Skybound was the mind, earthbound the body rests.[67]

Reception of his astronomy

Kepler's laws were not immediately accepted. Several major figures such as Galileo and René Descartes completely ignored Kepler's
Astronomia nova. Many astronomers, including Kepler's teacher, Michael Maestlin, objected to Kepler's introduction of physics into his
astronomy. Some adopted compromise positions. Ismael Boulliau accepted elliptical orbits but replaced Kepler's area law with uniform

motion in respect to the empty focus of the ellipse while Seth Ward used an elliptical orbit with motions defined by an equant.[ésl[@]m]

Several astronomers tested Kepler's theory, and its various modifications, against astronomical observations<the last one is/M.T.K Al -
Tamimi/ Natural Science 2 (2010) 786-792>, Two transits of Venus and Mercury across the face of the sun provided sensitive tests of the
theory, under circumstances when these planets could not normally be observed. In the case of the transit of Mercury in 1631, Kepler had
been extremely uncertain of the parameters for Mercury, and advised observers to look for the transit the day before and after the
predicted date. Pierre Gassendi observed the transit on the date predicted, a confirmation of Kepler's prediction.m] This was the first
observation of a transit of Mercury. However, his attempt to observe the transit of Venus just one month later, was unsuccessful due to
inaccuracies in the Rudolphine Tables. Gassendi did not realize that it was not visible from most of Europe, including Paris.l”?) Jeremiah
Horrocks, who observed the 1639 Venus transit, had used his own observations to adjust the parameters of the Keplerian model, predicted
the transit, and then built apparatus to observe the transit. He remained a firm advocate of the Keplerian model. (731741073

Epitome of Copernican Astronomy was read by astronomers throughout Europe, and following Kepler's death it was the main vehicle for
spreading Kepler's ideas. Between 1630 and 1650, it was the most widely used astronomy textbook, winning many converts to ellipse-
based astronomy.[ss] However, few adopted his ideas on the physical basis for celestial motions. In the late 17th century, a number of
physical astronomy theories drawing from Kepler's work—notably those of Giovanni Alfonso Borelli and Robert Hooke—began to
incorporate attractive forces (though not the quasi-spiritual motive species postulated by Kepler) and the Cartesian concept of inertia. This
culminated in Isaac Newton's Principia Mathematica (1687), in which Newton derived Kepler's laws of planetary motion from a force-
based theory of universal gravitation.[76]

Historical and cultural legacy

Beyond his role in the historical development of astronomy and natural philosophy, Kepler has loomed large in the philosophy and
historiography of science. Kepler and his laws of motion were central to early histories of astronomy such as Jean Etienne Montucla’s
1758 Histoire des mathématiques and Jean-Baptiste Delambre's 1821 Histoire de 'astronomie moderne. These and other histories
written from an Enlightenment perspective treated Kepler's metaphysical and religious arguments with skepticism and disapproval, but later
Romantic-era natural philosophers viewed these elements as central to his success. William Whewell, in his influential History of the
Inductive Sciences of 1837, found Kepler to be the archetype of the inductive scientific genius; in his Philosophy of the Inductive
Sciences of 1840, Whewell held Kepler up as the embodiment of the most advanced forms of scientific method. Similarly, Emst Friedrich
Apelt—the first to extensively study Kepler's manuscripts, after their purchase by Catherine the Great—identified Kepler as a key to the
"Revolution of the sciences". Apelt, who saw Kepler's mathematics, aesthetic sensibility, physical ideas, and theology as part of a unified

system of thought, produced the first extended analysis of Kepler's life and work [77]

Modern translations of a number of Kepler's books appeared in the late-nineteenth and early-twentieth centuries, the systematic
publication of his collected works began in 1937 (and is nearing completion in the early 21st century), and Max Caspar's Kepler biography
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was published in 1948.178] However, Alexandre Koyré's work on Kepler was, after Apelt, the first
major milestone in historical interpretations of Kepler's cosmology and its influence. In the 1930s and
1940s Koyré, and a number of others in the first generation of professional historians of science,
described the "Scientific Revolution" as the central event in the history of science, and Kepler as a
(perhaps the) central figure in the revolution. Koyré placed Kepler's theorization, rather than his
empirical work, at the center of the intellectual transformation from ancient to modern world-views.
Since the 1960s, the volume of historical Kepler scholarship has expanded greatly, including studies of
his astrology and meteorology, his geometrical methods, the role of his religious views in his work, his
literary and rhetorical methods, his interaction with the broader cultural and philosophical currents of

his time, and even his role as an historian of science.[”] Mormument to Tycho Brahe and .

, . s . . ; Johannes Kepler in Prague, Czech
The debate over Kepler's place in the Scientific Revolution has also produced a wide variety of Republic

philosophical and popular treatments. One of the most influential is Arthur Koestler's 1959 The
Sleepwalkers, in which Kepler is unambiguously the hero (morally and theologically as well as
= intellectually) of the revolution.[8 Influential philosophers of science—
SR : such as Charles Sanders Peirce, Norwood Russell Hanson, Stephen
Toulmin, and Karl Popper—have repeatedly turned to Kepler: examples of
incommensurability, analogical reasoning, falsification, and many other
philosophical concepts have been found in Kepler's work. Physicist
Wolfgang Pauli even used Kepler's priority dispute with Robert Fludd to
explore the implications of analytical psychology on scientific
investigation.[m] A well-received, if fanciful, historical novel by John
Banville, Kepler (1981), explored many of the themes developed in
=== Koestler's non-fiction narrative and in the philosophy of science. 8]
10 euro Johannes Kepler silver Somewhat more fanciful is a recent work of nonfiction, Hea‘venly Intrigu.e
: (2004), suggesting that Kepler murdered Tycho Brahe to gain access to his

com
data,[83] Kepler has acquired a popular image as an icon of scientific
modernity and a man before his time; science popularizer Carl Sagan The GDR stamp featuring
described him as "the first astrophysicist and the last scientific astrologer."[#4] Johannes Kepler

The German composer Paul Hindemith wrote an opera about Kepler entitled Die Harmonie der Welt, and a symphony of the same name
was derived from music for the opera.

In Austria, Johannes Kepler left behind such a historical legacy that he was one of the motifs of a silver collector's coin: the 10-euro
Johannes Kepler silver coin, minted on September 10, 2002. The reverse side of the coin has a portrait of Kepler, who spent some time
teaching in Graz and the surrounding areas. Kepler was acquainted with Prince Hans Ulrich von Eggenberg personally, and he probably
influenced the construction of Eggenberg Castle (the motif of the obverse of the coin). In front of him on the coin is the model of nested

spheres and polyhedra from Mysterium Cosmographicum.[gs]

In 2009, NASA named the Kepler Mission for Kepler's contributions to the field of astronomy.[sﬂ

In New Zealand's Fiordland National Park there is also a range of Mountains Named after Kepler, called the Kepler Mountains and a
Three Day Walking Trail known as the Kepler Track through the Mountains of the same name.

Veneration

Kepler is honored together with Nicolaus Copernicus with a feast day on the liturgical calendar of the Episcopal Church (USA) on May
23.187]

Works

Mysterium cosmographicum (The Sacred Mystery of the Cosmos) (1596)

De Fundamentis Astrologiae Certioribus On Firmer Fundaments of Astrology (http://www.johannes.cz/kepler.php) (1601)
Astronomiae Pars Optica (The Optical Part of Astronomy) (1604)

De Stella nova in pede Serpentarii (On the New Star in Ophiuchus's Foot) (1604)

Astronomia nova (New Astronomy) (1609)

Tertius Interveniens (Third-party Interventions) (1610)

Dissertatio cum Nuncio Sidereo (Conversation with the Starry Messenger) (1610)

Dioptrice (1611)

De nive sexangula (On the Six-Cornered Snowflake) (1611)

De vero Anno, quo aeternus Dei Filius humanam naturam in Ulero benedictae Virginis Mariae assumpsit (1613)
Eclogae Chronicae (1615, published with Dissertatio cum Nuncio Sidereo)

Nova stereometria doliorum vinariorum (New Stereometry of Wine Barrels) (1615)

Epitome astronomiae Copernicanae (Epitome of Copernican Astronomy) (published in three parts from 1618-1621)
Harmonice Mundi (Harmony of the Worlds) (1619)

Mysterium cosmographicum (The Sacred Mystery of the Cosmos) 2nd Edition (1621)
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« Tabulae Rudolphinae (Rudolphine Tables) (1627)
u Somnium (The Dream) (1634)

See also

= History of astronomy

= History of physics

= Scientific revolution

u Kepler triangle

» Kepler problem
Kepler-Bouwkamp constant

Named in his honor

» Kepler's laws of planetary motion for astronomical calculations
= The Kepler Mission, a space photometer designed to search for Earth-like planets launched by
NASA on March 6, 2009
» The Johannes Kepler ATV, the second Automatic Transfer Vehicle (ATV) launched by ESA to e R
resupply the ISS. The ATV launched in February 2011 and deorbited in June 2011, The lunar crater Kepler
= The Kepler Solids, a set of geometrical constructions, two of which were described by him
= The Kepler Mountains and the Kepler Track on the South Island of New Zealand
» Kepler's Star, Supernova 1604, which he observed and described
= Kepler, a crater on the moon
= Kepler, a crater on Mars
s 1134 Kepler, an asteroid
= Kepler, an opera by Philip Glass
= Die Harmonie der Welt, an opera by Paul Hindemith
= Johannes Kepler University Linz: In 1975, nine years after its founding, the College for Social B A
and Economic Sciences Linz (Austria) was renamed Johannes Kepler University Linz in honor of | Kepler Track alpine ridgeline, New
Johannes Kepler, since he wrote his magnum opus Harmonice Mundi in Linz. Zealand
= Kepler College, Seattle, Washington
= Numerous schools, streets, observatories and others named after him, e.g.:
= Kepler Gymnasium (high school), Tiibingen
= Keplerstrafie in Hanau near Frankfurt am Main
Keplerstrafie in Munich, Germany
Keplerstrafie and Keplerbriicke in Graz, Austria
= Keplerplatz, a station on the Ul line of the Vienna U-Bahn rapid transit (Metro) system
= Johannes Kepler Grammar School,[88] at the site where Kepler lived in Prague
» Kepler Launch Site
= Kepler, a high end graphics processing unit currently being developed by Nvidia for their GeForce GPU series
= The Kepler Building, a satellite manufacturing plant for Surrey Satellite Technology Ltd, Surrey, UK.

Notes and references

~ Barker and Goldstein. "Theological Foundations of Kepler's Astronomy", pp. 112-13.
A Kepler. New Astronomy, title page, tr. Donohue, pp. 26-7
A Kepler. New Astronomy, p. 48
A Epitome of Copernican Astronomy in Great Books of the Western World, Vol 16, p. 845
A Stephenson. Kepler's Physical Astronomy, pp. 1-2; Dear, Revolutionizing the Sciences, pp. 7478
A Caspar. Kepler, pp. 29-36; Connor. Kepler's Witch, pp. 23-46.
A @b K oestler. The Sleepwalkers, p. 234 (translated from Kepler's family horoscope).
A Caspar. Kepler, pp. 36-38; Connor. Kepler's Witch, pp. 25-27.
~ Connor, James A. Kepler's Witch (2004), p. 58.
~ab Barker, Peter; Goldstein, Bernard R. "Theological Foundations of Kepler's Astronomy", Osiris, 2nd Series, Vol. 16, Science in Theistic Contexts:
Cognitive Dimensions (2001), p. 96.
11. » Westman, Robert 8. "Kepler's Early Physico-Astrological Problematic," Journal for the History of Astronomy, 32 (2001): 227-36.
12. A Caspar. Kepler, pp. 38-52; Connor. Kepler's Witch, pp. 49-69.
13. A Caspar. Kepler, pp.60-65; see also: Barker and Goldstein, "Theological Foundations of Kepler's Astronomy."
14. » Barker and Goldstein. "Theological Foundations of Kepler's Astronomy," pp.99-103, 112-113.
15. * Caspar. Kepler, pp.65-T1.
16. A Field. Kepler's Geometrical Cosmology, Chapter IV, p 73ff
17. A Dreyer, J.L.E. A History of Astronomy from Thales to Kepler, Dover Publications, 1953, pp.331, 377-379.
18. * Caspar, Kepler. pp.71-75.
19. ~ Connor. Kepler's Witch, pp.89-100, 114-116; Caspar. Kepler, pp.75-77
20. A Caspar. Kepler, pp.85-86.
21, A Caspar, Kepler, pp.86-89
22. ~ Caspar, Kepler, pp.89-100
23. A Using Tycho's data, see 'Two views ofa system' (https//knol.google.com/k/the-sky-before-the-telescope#)
en.wikipedia.org/wiki/Johannes_Kepler 10/14

VoA nadBN -

—_
e



1217123

24,
25.
26.
27.
28.
29.
30.
3L
32.
33.
34,
3s.
36.

37.
38.
39.
40.
41,

42.
43.
44.
45.
46.
47.

48.
49.
50.
51.
52.
53.
54,
55.
56.
57.
58.
59.
60.
61,
62.

63.

64,
65.
66.
67.
68.

69.
70.
71.

72.

73.

74.
75.

76.
77.

“0

Johannes Kepler - Wikipedia, the free encyclopedia

A Caspar, Kepler, pp. 100-08.

A Caspar, Kepler, p. 110.

A Caspar, Kepler, pp. 108—11.

A Caspar, Kepler, pp. 111-22.

A Caspar, Kepler, pp.149-153

~ Caspar, Kepler, pp.146-148, 159177

A Finger, "Origins of Newroscience," p 74. Oxford University Press, 2001.

A Caspar, Kepler, pp.142—-146

A Morris Kline, Mathematical Thought from Ancient to Modern Times, p 299. Oxford University Press, 1972.

A Caspar, Kepler, pp.153—-157

A Caspar, Kepler, pp.123-128

A On motive species, see: Lindberg, "The Genesis of Kepler's Theory of Light," pp.38-40

A "R epler's decision to base his causal explanation of planetary motion on a distance-velocity law, rather than on uniform circular motions of compounded
spheres, marks a major shift fom ancient to modern conceptions of science.... [Kepler] had begun with physical principles and had then derived a trajectory
from it, rather than simply constructing new models. In other words, even before discovering the area law, Kepler had abandoned uniform circular motion as a
physical principle.” Peter Barker and Bernard R. Goldstein, "Distance and Velocity in Kepler's Astronomy", Annals of Science, 51 (1994): 59-73, at p. 60.
A Koyré, The Astronomical Revolution, pp.199-202

A Caspar, Kepler, pp.129-132

~ Caspar, Kepler, pp.131-140; Koyré, The Astronomical Revolution, pp.277-279

~ Caspar, Kepler, pp.178-181

A Caspar, Kepler, pp.181-185. The full title is Tertius Interveniens, das ist Warnung an etliche Theologos, Medicos vnd Philosophos, sonderlich D.
Philippum Feselium, dass sie bey billicher Verwerffung der Sternguckerischen Aberglauben nict das Kindt mit dem Badt aussschiitten vnd hiermit
jhrer Profession vawissendt zuwider handlen, translated by C. Doris Hellman as "Tertius Interveniens, that is warning to some theologians, medics and
philosophers, especially D. Philip Feselius, that they in cheap condemnation of the star-gazer's superstition do not throw out the child with the bath and hereby
unknowingly act contrary to their profession.”

A Caspar, Kepler, pp.192-197

* Koestler, The Sleepwalkers p 384

A Caspar, Kepler, pp.198-202

A Lear, Kepler's Dream, pp.1-78

A Schneer, "Kepler's New Year's Gift of a Snowflake," pp.531-545

4 Kepler, Johannes (1966) [1611]. Hardie, Colin. ed. De nive sexangula [The Six-sided Snowflake]. Oxford: Clarendon Press. OCLC 974730
(/lwww.worldcat.org/ocle/974730) .

A Caspar, Kepler, pp.202-204

A Connor, Kepler's Witch, pp.222-226; Caspar, Kepler, pp.204-207

A Caspar, Kepler, pp.208-211

A Caspar, Kepler, pp.209-220, 227240

A Quotation from Connor, Kepler's Witch, p 252, translated from an October 23, 1613 letter from Kepler to an anonymous nobleman

A Caspar, Kepler, pp.220-223; Connor, Kepler's Witch, pp.251-254.

~ Caspar, Kepler, pp.239-240, 293-300

nab Gingerich, "Kepler, Johannes" fiom Dictionary of Scientific Biography, pp.302-304

A 'Wolf, 4 History of Science, Technology and Philosophy, pp.140-141; Pannekoek, A4 History of Astronomy, p 252

A Caspar, Kepler, pp.239, 300-301, 307-308

A Caspar, Kepler, pp.240-264; Connor, Kepler's Witch, chapters 1, XI-XIII; Lear, Kepler's Dream, pp.21-39

A Quotation from Caspar, Kepler, pp.265-266, translated from Harmonices Mundi

A Caspar, Kepler, pp.264-266, 290-293

A Caspar, Kepler, pp.266-290

A Arthur I, Miller (March 24, 2009). Deciphering the cosmic number: the strange friendship of Wolfgang Pauli and Carl Jung
(httpv/books.google.com/books?id=KR2EBnmcRYC&pg=PA80) . W. W. Norton & Company. p. 80. ISBN 978-0-393-06532-9.
htpJ//books.google.com/books?id=KR2EtBnmcRYC&pg=PA80. Retrieved March 7, 2011.

A Westfall, Never at Rest, pp.143, 152, 402-3; Toulmin and Goodfield, The Fabric of the Heavens, p 248; De Gandt, 'Force and Geometry in Newton's
Principia’, chapter 2; Wolf, History of Science, Technology and Philosophy, p 150; Westfall, The Construction of Modern Science, chapters 7 and 8
A Koyré, The Astronomical Revolution, p 502

A Caspar, Kepler, pp.308-328

A Caspar, Kepler, pp.332-351, 355-361

A Koestler, The Sleepwalkers, p. 427.

A For a detailed study of the reception of Kepler's astronomy see Wilbur Applebaurn, "Keplerian Astronomy after Kepler: Researches and Problems,"
(http~//adsabs.harvard.edw/abs/1996HisSc..34..451 A) History of Science, 34(1996): 451--504.

A Koyré, The Astronomical Revolution, pp.362-364

A North, History of Astronomy and Cosmology, pp. 355-360

A Albert van Helden, "The Importance of the Transit of Mercury of 1631," (http+//adsabs.harvard.edw/abs/1976JHA.....7....1V) Journal for the History of
Astronomy, 7(1976): 1-10.

A HM Nautical Almanac Office (June 10, 2004). "1631 Transit of Venus"
(http7//web.archive,org/web/20061001062918/http://www.nao.rLac.uk/nao/transi/V_1631/) . Archived from the original
(http/fwww.nzao.rlac.uk/nao/transit/V_1631/) on October 1, 2006.
httpy//web.archive.org/web/20061001062918/http7//www.nao.rlac.uk/nao/transit/V_1631/. Retrieved August 28, 2006.

A Allan Chapman, "Jeremiah Horrocks, the transit of Venus, and the New Astronomy’ in early 17¢h-century England,”
(htip7//adsabs.harvard.edw/abs/1990QIRAS..31..333C) Quarterly Journal of the Royal Astronomical Society, 31 (1990): 333-357.

A North, History of Astronony and Cosmology, pp. 348-349

A Wilbur Applebaum and Robert Hatch, "Boulliau, Mercator, and Horrock's Venus in sole visa: Three Unpublished Letters,"
(https//adsabs.harvard.edw/abs/1983THA....14..166A) Journal for the History of Astronomy, 14(1983): 166179

A Kuhn, The Copernican Revolution, pp.238, 246-252

A Jardine, "Koyré’s Kepler/Kepler's Koyré," pp.363-367

A Vemmmetale ladie devaddoen bm Mt T es e ? 4

en.wikipedia.org/wiki/Johannes_Kepler

11/14




12/7/23 Johannes Kepler - Wikipedia, the free encyclopedia

10, 7 JIERTICH, MITOUUCLIVEI WO Ldspdr s aepier, pp.o—4

79. A Jardine, "Koyré’s Kepler/Kepler's Koyré," pp.367-372; Shapin, The Scientific Revolution, pp.1-2

80. ~ Stephen Toulmin, Review of The Sleepwalkers in The Journal of Philosophy, Vol 59, no. 18 (1962), pp.500-503

81. A Pauli, "The Influence of Archetypical Ideas"”

82. A William Donahue, "A Novelist's Kepler," Journal for the History of Astronomy, Vol. 13 (1982), pp.135-136; "Dancing the grave darce: Science, art and
religion in John Banville's Kepler," English Studies, Vol. 86, no. 5 (October 2005), pp.424-—438

83. A Marcelo Gleiser, "Kepler in the Dock", review of Gilder and Gilder's Heavenly Intrigue, Journal for the History of Astronomy, Vol. 35, pt. 4 (2004),
pp.487-489

84. » Quote from Carl Sagan, Cosmos: A Personal Voyage, episode III: "The Harmony of the Worlds". Kepler was hardly the first to combine physics and
astronomy; however, according to the traditional (though disputed) interpretation of the Scientific Revolution, he would be the first astrophysicist in the era of
modern science.

85. ~ "Bggenberg Palace coin” (hitp//austrian-mint.at/sibermuenzen?k=en&muenzeSubTypeld=108&muenzeld=336) . Austrian Mint. http://austrian-
mint.at/sibermuenzen?Fen&muenzeSub Typeld=108 &muenzeld=336. Retrieved September 9, 2009.

86. ~ Ng, Jansen (July 3, 2009). "Kepler Mission Sets Out to Find Planets Using CCD Cameras"”
(http//www.dailytech.com/K epler+MissiontSets+Outtto+Find+Planets+Using+CCD+Cameras/article14421.htm) . DailyTech.
httpJ//www.dailytech.com/K epler+Missionr+Sets+Out+to+Find+Planets+Using+CCD+Cameras/article 14421 htm. Retrieved July 3, 2009.

87. A Calendar ofthe Church Year according to the Episcopal Church (http:/satucket.com/lectionary/Calendar.htm)

88. * GIK.cz (http//www.gik.c2z)

» The most complete biography of Kepler is Max Caspar's Kepler. Though there are a number of more recent biographies, most are
based on Caspar's work with minimal original research; much of the information cited from Caspar can also be found in the books by
Arthur Koestler, Kitty Ferguson, and James A. Connor. Owen Gingerich's The Eye of Heaven builds on Caspar's work to place
Kepler in the broader intellectual context of early-modern astronomy. Many later studies have focused on particular elements of his
life and work. Kepler's mathematics, cosmological, philosophical and historical views have been extensively analyzed in books and
journal articles, though his astrological work—and its relationship to his astronomy—remains understudied.

Sources

en.wikipedia.org/wiki/Johannes_Kepler

Andersen, Hanne; Peter Barker; and Xiang Chen. The Cognitive Structure of Scientific Revolutions, chapter 6: "The Copernican
Revolution." New York: Cambridge University Press, 2006. ISBN 0-521-85575-6

Armitage, Angus. John Kepler, Faber, 1966.

Banville, John. Kepler, Martin, Secker and Warburg, London, 1981 (fictionalised biography)

Barker, Peter and Bernard R. Goldstein: "Theological Foundations of Kepler's Astronomy". Osiris, Volume 16. Science in Theistic
Contexts. University of Chicago Press, 2001, pp. 88-113

Caspar, Max. Kepler; transl. and ed. by C. Doris Hellman; with a new introduction and references by Owen Gingerich; bibliographic
citations by Owen Gingerich and Alain Segonds. New York: Dover, 1993. ISBN 0-486-67605-6

Connor, James A. Kepler's Witch: An Astronomer’s Discovery of Cosmic Order Amid Religious War, Political Intrigue, and the
Heresy Trial of His Mother. HarperSanFrancisco, 2004. ISBN 0-06-052255-0

De Gandt, Francois. Force and Geometry in Newton's Principia, Translated by Curtis Wilson, Princeton University Press 1995.
ISBN 0-691-03367-6

Dreyer, I. L. E. A History of Astronomy from Thales to Kepler. Dover Publications Inc, 1967. ISBN 0-486-60079-3

Ferguson, Kitty. The nobleman and his housedog: Tycho Brahe and Johannes Kepler: the strange partnership that revolutionized
science. London: Review, 2002, ISBN 0-7472-7022-8 — published in the US as: Tycho & Kepler: the unlikely partnership that
Jorever changed our understanding of the heavens. New York: Walker, 2002. ISBN 0-8027-1390-4

Field, J. V.. Kepler's geometrical cosmology. Chicago University Press, 1988. ISBN 0-226-24823-2

Gilder, Joshua and Anne-Lee Gilder: Heavenly Intrigue: Johannes Kepler, Tycho Brahe, and the Murder Behind One of History's
Greatest Scientific Discoveries, Doubleday (May 18, 2004). ISBN 0-385-50844-1 Reviews bookpage.com
(http://www.bookpage.com/0407bp/nonfiction/heavenly_intrigne.html) , crisismagazine.com
(http//www.crisismagazine.com/october2004/book4. htm)

Gingerich, Owen. The Eye of Heaven: Ptolemy, Copernicus, Kepler. American Institute of Physics, 1993. ISBN 0-88318-863-5
(Masters of modern physics; v. 7)

Gingerich, Owen: "Kepler, Johannes" in Dictionary of Scientific Biography, Volume VIL. Charles Coulston Gillispie, editor. New
York: Charles Scribner's Sons, 1973

Jardine, Nick: "Koyré’s Kepler/Kepler's Koyré," History of Science, Vol. 38 (2000), pp. 363-376

Kepler, Johannes. Johannes Kepler New Astronomy trans. W. Donahue, forward by O. Gingerich, Cambridge University Press
1993. ISBN 0-521-30131-9

Kepler, Johannes and Christian Frisch. Joannis Kepleri Astronomi Opera Omnia (John Kepler, Astronomer; Complete Works), 8
vols.(1858-1871). vol. 1, 1858 (http://books.google.com/books?

vid=0CLC12905968 &id=dTMAAAAAQAAJ&printsec=titlepage&dq=%220pera+omnia%22+%22Joannis+Kepleri+astronomi+%22)
, vol. 2, 1859 (http://books.google.com/books?

vid=OCLC12905968&id=gzMAAAAAQAAI&pg=P Al &Ipg=P Al &dq=%22Johannes+Kepler%22#PPP12,M1) , vol. 3,1860
(http+//books.google.com/books?vid=OCLC12905968 &id=qiMAAAAAQAAT&pg=P AS5&Ipg=P A5&dq=Frisch+%22kepler%22) ,
vol. 6, 1866 (http://books.google.com/books?vid=0CLC12905968&id=xjMAAAAAQAAT&pg=PP9&dq=%22Christian+Frisch%22)
, vol. 7, 1868 (http://books.google.com/books?

vid=0CLC12905968&id=gMkK AAAAIAAJ&pg=PP 16&Ipg=PP 1 6&dg=keplerit+%22heyder+%26+zimmer%22) , Francofurti a.M.
et Erlangae, Heyder & Zimmer, — Google Books

Kepler, Johannes, et al. Great Books of the Western World. Volume 16: Ptolemy, Copernicus, Kepler, Chicago: Encyclopadia
Britannica, Inc., 1952. (contains English translations by of Kepler's Epitome, Books IV & V and Harmonices Book 5)

Koestler, Arthur. The Sleepwalkers: A History of Man's Changing Vision of the Universe. (1959). ISBN 0-14-019246-8

12/14




1217123 Johannes Kepler - Wikipedia, the free encyclopedia

» Koyré, Alexandre: Galilean Studies Harvester Press 1977. ISBN 0-85527-354-2

= Koyré, Alexandre: The Astronomical Revolution: Copernicus-Kepler-Borelli Tthaca, NY: Cornell University Press, 1973. ISBN 0-
8014-0504-1; Methuen, 1973. ISBN 0-416-76980-2; Hermann, 1973, ISBN 2-7056-5648-0

= Kuhn, Thomas S. The Copernican Revolution: Planetary Astronomy in the Development of Western Thought. Cambridge, MA:
Harvard University Press, 1957. ISBN 0-674-17103-9

= Lindberg, David C.: "The Genesis of Kepler's Theory of Light: Light Metaphysics from Plotinus to Kepler." Osiris, N.S. 2.

University of Chicago Press, 1986, pp. 5-42.

Lear, John. Kepler's Dream. Berkeley: University of California Press, 1965

M.T.K Al-Tamimi: Great collapse Kepler's first law, Natural Science 2 (2010), ISBN 2150 - 4091

North, John. The Fontana History of Astronomy and Cosmology, Fontana Press, 1994. ISBN 0-00-686177-6

Pannekoek, Anton: A History of Astronomy, Dover Publications Inc 1989. ISBN 0-486-65994-1

Pauli, Wolfgang, Wolfgang Pauli — Writings on physics and philosophy, translated by Robert Schlapp and edited by P. Enz and

Karl von Meyenn (Springer Verlag, Berlin, 1994). See section 21, The influence of archetypical ideas on the scientific theories of

Kepler, concerning Johannes Kepler and Robert Fludd (1574-1637). ISBN 3-540-56859-X

» Schneer, Cecil: "Kepler's New Year's Gift of a Snowflake." Isis, Volume 51, No. 4. University of Chicago Press, 1960, pp. 531~
545.

» Shapin, Steven. The Scientific Revolution. Chicago: University of Chicago Press, 1996. ISBN 0-226-75020-5

n Stephenson, Bruce. Kepler's physical astronomy. New York: Springer, 1987. ISBN 0-387-96541-6 (Studies in the history of
mathematics and physical sciences; 13); reprinted Princeton:Princeton Univ. Pr., 1994, ISBN 0-691-03652-7

= Stephenson, Bruce. The Music of the Heavens: Kepler's Harmonic Astronomy, Princeton University Press, 1994, ISBN 0-691-
03439-7

» Toulmin, Stephen and June Goodfield. The Fabric of the Heavens: The Development of Astronomy and Dynamics. Pelican, 1963.

« Voelkel, James R. The Composition of Kepler's Astronomia nova, Princeton University Press, 2001. ISBN 0-691-00738-1

« Westfall, Richard S.. The Construction of Modern Science: Mechanism and Mechanics. John Wiley and Sons, 1971. ISBN 0-471-
93531-X; reprinted Cambridge University Press, 1978. ISBN 0-521-29295-6

» Westfall, Richard S. Never at Rest: A Biography of Isaac Newton. Cambridge University Press, 1981. ISBN 0-521-23143-4

» Wolf, A. 4 History of Science, Technology and Philosophy in the 16th and 17th centuries. George Allen & Unwin, 1950.

External links

= JohannesKepler.Info (http://www.johanneskepler.info) Kepler information and community website, launched on December 27, 2009

= Harmonices mundi (httpJ//posner.library.cmu.edw/P osner/books/book.cgi?call=520_K38PI) ("The Harmony of the Worlds") in
fulltext facsimile; Carnegie-Mellon University

» Johannes Kepler (http//plato.stanford.edu/entries/kepler) entry by Daniel A. Di Liscia in the Stanford Encyclopedia of Philosophy

De Stella Nova in Pede Serpentarii (http://contentdm.lindahall.org/u?/star_atlas,6264) ("On the new star in Ophiuchus's foot") in full

text facsimile at Linda Hall Library

Walter W. Bryant. Kepler (http://www.gutenberg.org/etext/12406) at Project Gutenberg (1920 book, part of Men of Science series)

Electronic facsimile-editions of the rare book collection at the Vienna Institute of Astronomy (http://www.univie.ac.at/hwastro/)

Johannes Kepler (http://www.dmoz.org/Science/Astronomy/History/People/Kepler,_Johannes/) at the Open Directory Project

Audio — Cain/Gay (2010) Astronomy Cast (http://www.astronomycast.com/history/ep-189-johannes-kepler-and-his-laws-of-

planetary-motion/) Johannes Kepler and His Laws of Planetary Motion

Christianson, Gale E., Kepler's Somnium: Science Fiction and the Renaissance Scientist

(http://www.depauw.edu/sfs/backissues/8/christianson8art. htm)

Kollerstrom, Nicholas, Kepler's Belief in Astrology (http://www.skyscript.co.uk/kepler2.html)

References for Johannes Kepler (http://www-history.mcs.st-andrews.ac.uk/References/Kepler.html)

Plant, David, Kepler and the "Music of the Spheres" (http://www.skyscript.co.uk/kepler.html)

Kepler, Napier, and the Third Law (http:/www.mathpages.com/r1/s8-01/8-01.htm) at MathPages

Calderén Urreiztieta, Carlos. Harmonice Mundi * Animated and multimedia version of Book V (http://www.calderon-

online.com/trabajos/kepler/harmonicemundi.html)

= Reading the mind of God (http://www.gabridge.com/full-long. htmi#God) 1997 drama based on his life by Patrick Gabridge

= Johannes Kepler (http://www.archive.org/details/JohannesKepler-henryliiOfFrance_680) 2010 drama based on his life by Robert
Lalonde

= O'Connor, John J.; Robertson, Edmund F., "Johannes Kepler" (http://www-history.mcs.st-andrews.ac.uk/Biographies/Kepler.html) ,
MacTutor History of Mathematics archive, University of St Andrews, http://www-history.mcs.st-
andrews.ac.uk/Biographies/Kepler.html.

» Online Galleries, History of Science Collections, University of Oklahoma Libraries (http:/hos.ou.edu/galleries/16thCentury/Kepler/)
High resolution images of works by and/or portraits of Johannes Kepler in .jpg and .tiff format.

Retrieved from "http://en. wikipedia.org/w/index.php?title=Johannes_Kepler&oldid=501103635"

Categories: Johannes Kepler | 1571 births | 1630 deaths | People from Weil der Stadt | 16th-century German people

| 17th-century German people | 16th-century Latin-language writers | 16th-century mathematicians | 17th-century astronomers

| 17th-century Latin-language writers | 17th-century mathematicians | German expatriates in Austria

| German expatriates in the Czech lands | People from Prague | Austrian Lutherans | Burials in Regensburg | Christian astrologers
| Cosmologists | German astrologers | German astronomers | German Lutherans | German mathematicians

| German science fiction writers | Walhalla enshrinees | Anglican saints | German music theorists | Natural philosophers

= This page was last modified on 7 July 2012 at 14:27.

en.wikipedia.org/wiki/Johannes_Kepler 13/14




1277123 Johannes Kepler - Wikipedia, the free encyclopedia

s Text is available under the Creative Commons Attribution-ShareAlike License; additional terms may apply. See Terms of use for
details.
Wikipedia® is a registered trademark of the Wikimedia Foundation, Inc., a non-profit organization.

en.wikipedia.org/wiki/Johannes_Kepler 14/14




2 ¥
%35
I

Ga,ll.l co

/543 — 1642

0553 B A IAEIT

J5eh AR A S N ¥ ek,

oy et 42

ipe X ofih %
/é‘é’ g 734X

1592 BR B BE 3T B PHAd At F kAR

1606 AIRZ 1A E W ] A

1608 }{rﬁ#’ m (J):iliéff? Z.c;p/per.rﬁiv)

RS L S a5 A N INET T X

13 A RITEIZ BB m)@

N

1610 4o 2 b B LBt LR 2 Ieh

X o Tty B = W EHR IR BB

/o1l e B ekt X BB 5+

/612 KT IR

/616 ﬁwm& ;ﬁrﬁ }

lu

619 - é,bﬁﬁiﬂﬁ R 7% A ff/ﬁ?

/30 ,.*?:M:)?b\ #3245 Py X
/632 weRwh Ao Ff ez
633 BuBih BB T E B

-i.jmihf..ji’ ﬁ?j{%ﬁ

1637 .

BIUBEARBYER (FHMESRLE



o #:

SRR
3,
1638 %12 2T AT gy g S B K
1642 e BB L, FEA L E '
rt F O} B B
BA5E — S L e, s 10
45;2’ /'/ il
/ Sl
[ B2k f?é_g F EFHT
/ o
| 2 RAR B IR B
/ E . —
/ v
/ LR % 59 PIE
7 FE g RET

/ %ﬁ e

T BER N ABERDE R 00 B EBBE G ek

2
7 ot e
23 FIKE S Y-V L3

M /

28 & 71 S iote, 1P 15 65 % +e,

Cd T ERY] LT JE B A2 wend)
/

BUBEABYER FHMEZRLE



o3
43
35,

1@2@»‘4—"?‘

- =R B2 E

T:%  FERIEG H1eF B

T o i beth ik

ZEX_ EBAEDAD

AFPr

40 Wi

YL AN R 2Y B A 2y 4 1%

e B o i) HIN3F 18 78 15
ZH #%i’%éff@

& ¥l 712

EBEABYER (A MES LR




a4

R

3,

P fz- P 43 of "XBIDEEE — 45 BE

n

= E _

BMNHEABNER (FMESHE



- . ¥t
B3

BRI RS0 o S RIET VG Oy SIS B ERBEH = ENAY g’ /2 2. TR 4
YR EEZ T RA '

r=v0t+—;—gt2

HE -9 T EN LR RRERG . E =085
%, =0, vy, =v5008 &

{yn =0, vy, =vsina

a =0, e, =-g

¥

X =U,lcos o
. 1 -
¥ =vylsin o ~—2—gt

BWEITEFH LA

g 2
y=atan @ - —5-F5— &

EPE
2vgc0s” @

X 2R R TR, bﬁ%@ﬁ&m%:)‘itwﬁﬁéﬂ*ﬁ? Pk rES AT ETHBER

—M%%(ﬁu@ 1-10).

bd

Yy,

WL 10 LR A EAE T E By =0, 4R T4 S A O BT
&y B2 A AR T 4 3 (3) TR ‘

2

’7v Vg
dy ="Zsin @cos & = —sin 2@
I:4 g

LRI L R o TSI T, BUR dy RIS o 0 RH i BAH BRI &I B
dd, 24}
E&‘—?COSZ(X =0

2a=m/2 a=1r/4

3

N |om

BHER, Y a=a/4 8, #@ﬁié’l%ﬁzﬁjﬁ@ HER dy, =

O ARSI AR T 0 i R 2 R ML, SI08 A 0 450, B4R

#m #| 8% ( Galileo Galilei, 1564—
1642) A EXAHEEREFR
XER,ERYEFHEEL, R H
FreishRE AR A
HMEHEE BERIGETRESE.
AR EFGRE R (XT
7 11874 2 89 3t iE o 4k 3 3E 9 xb R
%»"‘ ~>,:é%74&1€f(1&n HHEE
BAREHE 3/ KL FF @605

R T 2 LA, 22 B Bk, T 2 0 B — T R 0

E:ﬂ{ﬂ%&

- ~

i%ﬁ%ﬁ N

N

d

F1-1 EREMESARAHEROLE

YT v/ (m + s™') B o HE 48 do/m ER4R d/m

800 : 150 32 700 3 970
700 . 450 . .50 000 16 000
60 45° 367 ™~ 350

|/ ﬁlé.%ﬁiéﬁifsijljiﬁiﬁ‘.(’l) EELSBE, THEBEE GRS RAHED.

O T 5N IR S T N 2 4 FROG) 4 e
DR S £ A IR R TR A WL (B 2 R SHONE (L%, &

-1

o S

3
2

SF 25 L




%ﬂﬁﬂ%%ﬁ%@ﬁu&m%%ﬁm%%%ﬂggmﬁmﬁmoaﬁﬁiA@%m
L) SR K M RS - R EEININR - BRIk SR R < =i
TR o SIS SRR N R DX - SRR MR R -

B | 401 KRR - SRR SRR E | AN E N - R
R - SIS SRR (B R IKERENE - S50
R -

SR ET R (EERETER [ 324~ W T i e i R e | - ERIGEMDE- T <
S A B B AR o | ST IR YRR | SRS
S R - Oy R R | EE SRR B RIS IS K AR < - SR
i - TS KRR NI K S B R BRI A - B R -
KSR | - ®

(K (RN I - SIS S - IO -
T K B < L S - R EURIIT R SR GO - IR 3
IS B - 8 | RIS - R R TR - RRIRE | s
B - RS - T SRR YR e

B 2 9 o I RS B < -~ IR S R S R B - B R . - RO
IR <+ IR A H R e e B I BRI B il - RSk

, e A A s Ry \
T - iR - RS ERHE - ICH-EEITRE - SN -~ TR N SR ED
- . j 57 = ==
R RIRRE AR R - eI s i -

il

| | EHK-FUO<-HEBES I ES - M2y wm iSRRG W - 8F
PR -Uik | B <iv - I TSRk o SsEdin-in - iR le T ine iR s 2wy
IR o SRATEZ - HI KRB R I - e e U -~ IR TR B o

@UEH - B¥Es (Gassendi, Pierre.1592-1658 ) - HIEISNHMS -

®UER - B (Mersenne, Marin 1588-1648 ) - B0 -

@UEH - MlE (de Fermat, Pierre 1601-1665 ) - HIEIHHHKS =

O - WKERERMIKIEENE - 3 AAméﬁﬂm@ OHESR MEKELEIMIK - HEtX NG - BHHEII- R0 - AEE-H - SilHE
5. Hble -

OUHH - ERESIERD - WukRe

e | SN - RIS - TRIMERIEND - B S RIS BN - 8%

w 7
SRIRGHMBEID | &R - 28N | sREEMITIHRE - S RINIRC SEGVS - USSR I Z N «




HOIT 7 R e IR

(IEE HR e &b )

R RGHIRE MR KIEK - | R | 0@ - EME K RR S REE
KRR =T - SRS - SRS TR TS K E-HOE - 8 KEm
B R R A I o

FRM D ~ AR A - WA R S R - At L ag - o
(BRTEE) (Canticle of Zechariah)

IR HIEE KREIR i i SRR SN - RMEERSRE
IR ER R - WP EEE o iR | MRS KRB
S B T ER i o

i
;

Z
)
=
=
BT
i
5
#

i
B
7
1?
E
=
%
i
i

FRARUIET XIS -+ T A4 B MR 2 0y 1) S T e o 02~ 202 A S B 7 08 4
AEERE o o BE AR IR IR ~ MRES | -SSR o ol S e AR 0 0 e RS
TR - ET R A IR R TS ) S o S RIS T K SRR R o IR e ekl I A
e~ o |
RREEKEEEE - KRR - 5O EESQUL T - Gt S
M=o MHRAEE MR R R KO E ~ KRBT EW R o B T 75 S s
B - IR REE R E o |
e MRS MIKISE R ~ 5 R R0 i K e K [ - R
I SR R R TR M=o iR -~ R e T 2 48 s e
N o ,
| I BRI GS - Takmdn ~ By
FR IR R T AR A - IR R B 47 B - &k
FEAR-IR RO R R R TR S AR - D R
7 RROEEEK e RESEREK e | HmE  m
KER P o BRIAR N b mid - e BR AT ET o X S B MR AV S ~ 4K
RER YRR - 12 ] P KIS WG R iR K

=
KRB o |

R

A 30-1




KREYNREE EV- iR R | SRR K< IR 2R SR B 1L

®-RR

S o A T A S S SRR AR R IR o RN SR R RR

HA ~ LK S RS R i A
SR | | IIERACTEND -+ T S48 m 5 b b B Ko R i AR Sy W e A -

I T RN o BRI R - WEACRK B (4| | ) VAR

SR BB EE T KA ~ i S K IR B AR 7 Bl M T B A R AR A R - B ER-IRIK 27 o =%

AENXAJ A D -5
,r. = Yl va < 3~ LT« ! K2
%n,.wpmmeﬂm%#Emﬂqu%a 54 5 B0 T A A S AN Y AR KR o B Y - KERABNE

T mraw

e i MBS o |
R R I E R AT S - MR ST NI R AORIERE | R

R R ICE S - Y (BRI KERK o IR KmEEEER RN

-
[N

o] e > 2led = 22 AR 3 A = S ol
ST s NI - B0 - I8 SR EERNR 2 K ES K- S B - E
i< B IR BRI - |

SR 11 | HY BT M i K B S IR o D P P o R B -~ - BB e 2 -

M E N = B R - ST - S SR o RIS DU R I e

SR C i - SRR ~ SRR SEESR - S-SR - SR
IR o e e S SR E R S T ) T i - Fi S E SR RS IS -
it U SN T o gRAX AP BN KRR | KD E

S TERLSNEE | D o e
R HEER N ~ ST o S S (RN
I~ SEBKI TS i BT BRI IR | G o &
W UK T B R - N S =
P NRNT - BN S s -
HEHES - o YIRS IR S ol oy
KRB o 12 o) ) Y (12 48) o o e
He o

1SS B SR R HE P R A g
KENERE -~ B SR gdeirmis-ae
TR IHIRIT IR - IR i T
EEE R KR « -V Do K e
B RR E( Hn{AER -~ L i s
EHRE=E - W0 | S - BREE - pwe
2 RN ER (TR B K- TE S84 - RIS
E I RIS ~ SRS o
FNE - SIREHRI I S EEE o

=L

7 &

AB30-2 ekl ah M4




prlE i e SRS - [ R4 S I ~ AR R | K -~ NI AN |

40 BEE e - SOEREEE AR K- iR - TR~ R ER R K ERE

W o A% i B R N E ~ B IE AR A E o W ER MR s - IR
i R -~ R @RI S o

s e D R RIER | SRR < - ESRE AR | AcRE iR T
) B R i W R s R R M R R AE -~ ) S S I ) o 92 R T i RS M
=il EHRETEEEWIXK o

EERERNDE - SRR EEREE M-SR m SRR - SEEENER
) (EEREE) ~ RERERE - SSENEEIRK ~ ©REEXEIERKER K EE
BRR ~ IS HIEEERERIEEE IR - SRUICEREEEIEEE ~ Di&KIRnESR
R EE EO SR EE ISR O -

(EERZE) RNKEREDER -~ RERICEXNEREEFERR - EX50E
Mm¥ | £ - MEK~EERN-ERKRERNrEERE R (MERIE | 4011V
IRER) <1 | Fik ~ ERFEERM2E<ERHE -~ DEREEREER - N | iz - 23
HEFHEEEREK ~ FEErEEE - - $iEa s R - HE s S -

PHSORERER ~ T u 8 e R T iR ~ R E elefE iR o R B | e
TR R~ Y TR R e B R YRR - B AP EE S AR v 2 -~ 1 ] R R b B 4 -

I b JE M- B AR | SRS S M 2 B R I S o

HiENSELHHR ERH-UERSREE ~ REHHFERRER - GRESR - O
BRI E - E MR ~ IR XITKAIE o s ERdE -

HEEHHIERRKERERE ~ DR ESXOmE R B s i E i EE N -
RURIM-BE -~ \EXNE R R - REESERIEORETY o HEIgEeERs - TSR
B - 1o | S A R SR S K T R A | MR - e o B2 o

| mREE R M-I RN EN R -~ e o ir RS IR IE E 80— o R
o8] H 0 @ S W K- T R SR D HE R R R - R IE S ER BT -H M N M T
(ST IZ IR o RIEIYHRE RIS IR IIRK ~ RS R iRy o

HUSTRE R KRR BRI CR - T 4 ¥ I T B el S B TR -~ R A e R AR o
SR AR T B Y~ B - 1 i S T BB SR R o K6 v R
SR~ U A T R ~< S T 4 0 o v e i W < o

i

MHIZSES ~ - I AT ORI Y -~ | (SO S i e R R I © ST roinse
WELER -~ #SEKEREECE SR o KBRS S s i i S e s
T - SREEIIEREE - ERE SR i8S o [ RmimE - 75
MRS KRS - SEEE (EEEEH) SoIsHREr - EmFiamsgd
R RTEES | EHF RIS TR - M et - TS B i R -

ot

AR

-

T
leEiae




~ B ,*um{ ,
E@EE%@%&@:ﬁﬁiﬁﬁwé%ﬁ,ﬁﬁégﬁﬁﬁ,ﬁﬁﬁ 03R4
e s SR

o TRt ~ SOREEN = O AT K R R
S~ TCECEE SRS A S 1 M A 2 1 S R - AR R KRR
LT R - ¥ :

T AR R AT - BRI KR R o W ELRHUE AR - IR
ol o 5 BB BE

P AR IS - 3 B ER A K IR R R T B o s | e -
e P R | PR T RE< I -~ R RE AR SR et
Vn R e £z <HD A ) JCr-atE 2 - o I\U/ -
R R i X R B A R S - VN S e R IR AL
g m\\/x. e S - e
< LoF o
Eis—NE IR E DRI e i s
EIERE S S - RIS s R - MK IR == =
it PEA R H \BHD 3 =

PRILIIEN S n

— 42 . ARt ISR A R S

@ Amirﬂlﬂﬂ%v Wm@mﬁhﬂ%ﬂwa&@ o @u%ﬁmwmﬁﬁ ~ = Es @Am.iﬁw Emﬁw

3 o< AN S -~ 3 N . R <2 E

BRI meaﬁﬁﬁéﬁﬁﬁmﬁﬁomﬁﬁﬂ%%mm&@%ﬁ e Sl
==\T == = -

e S
, RO\ B BRI AR o —
%ﬁ@ﬁ%mmd/%ﬂmllfnnﬁ ) - b L ~ XY
Amiﬁﬁgv%Ef%ﬁ%%@@,E%Eﬁ%ﬂ%mﬁﬁgéﬁﬁ¢thT
= T e G — rimE | 4N
N— S-S ERER (MR
a: EERMN-BREERNE
r : @m@% ° mmmmij,:ﬁ:ﬁ e R e o SN
Eﬂ_ﬂgﬁﬁ = o ) < SR - EEERmRERER - W e - S5
IRER) - 1 | BBR - AR

IR BT

L B o
mﬁﬁqaﬁjﬁ%,%ﬁém@ﬁ%;%%mﬁﬁﬁgwamﬁﬁﬂﬁMW%_x%ﬁ
e s JIVKIES At A -y, e N cal
%EHE%% I/l 8 e o B N AR TR - I IR e R AR o RGN B
RS i i i A e )

2 R B ah B A -
E R - e R A B - RAEE R R R - E R SRS

K] R AR N | TR BNIREY T RSN @i o d

HRESELmE SR oL REr ,%MmﬁﬁmﬁlmWMME&%mmmmm.,WW¢MMwmwmmhuxumm
%ﬁﬁﬁtﬁ@?%ﬁ,mﬁﬁlﬁ$ﬁoE%ﬂﬁ@%ﬁﬁ%o

a%ﬁmmmmxgmayﬁm@mmwﬁmmwmw.,mmmn@m#%WmﬁmaamWﬁ+ﬁsmwmum%%ﬁgamum&ﬂmﬂmmmwwmmTm%m

ﬂ%?@,%Uﬁﬁﬁﬂﬁﬁ%,ﬁ%%%ﬁﬁﬁﬁﬁﬁﬁo%gﬂﬁﬁﬁﬁ:ﬁﬁ%ﬁ

K -~ i | o B S 4 B Sl R A B Y S R A | AETRER ~ i o e B o

| TSRS M RN - I R R NS SR - £k
PRI AN ERR T B S B RS » TS R i N e
HEEREINR - HENSERSBERMIEK - R -

E%@%X%@Mﬁﬁ,ﬁﬁéﬂﬂmﬁ%%%%@ﬂﬁé,%ﬁﬁ%%%%%@o

W RGER e By - VB B - b i o i [SECEN e S HIE - B«
L ﬁﬂ%ﬁ%ﬁ?ﬁ%’A%%aﬂﬁ.ﬁﬁuﬁt&gﬁ%ﬁﬁﬁék °

TS - R B SR | SO e Y O S« s
VR - BOCERRECEKSTK - 0 I S S e e
- SREGHNIERITE - SR SR - E R -
TR K IS SReE (2w

SR R TSHYSSE R AT - HES ool M e
;ﬁ%%i%%ﬁ%@ﬁo%@%ﬁ%ﬁ:ﬁﬁm%%mﬁﬁﬁﬂﬂ,$%




FERERSR - | B - REREMERRS -

HERERHFA- | IR BRI -~ IR | SRS R Mg - TR
He ~ E7E AR AWERE 1D 4 B B TRER -~ IR -KIRE TR - R RS FEE o KR | B
KO - R o e R - i e SR AR T e - DRSO R 0 | R
B - SRR ~ BEEMMRIRE R o o 4 DR MRADSHK IR IK B SR I -

SO - T an &R H e R - HKERIRHIE A o 38 e A SRR R RO
S B TR TR - I - D ER R SR R T A - RSB - KRB
A~ iy BT o e - IR U S E A RARK S ~ & DR R 8o
KD 2 A o K EE R - N BIER-KIRE D - R B I TR

W o e ) T - R N K o B0 T o R I SR TR SRS - IR RS
ol [ R o MEIEREREREEK-SR AR - i i MR K- o R R AL R G © CXI
Rk S o [ OB SR - B IR - RIS EHINR<EEE
B - K -~ BRI P RS o RO RSP SIR -

I} | B -~ |IESEEKERITEREG M ~ R HE RN - TR W R =
TR -~ KRR RE F R RREaEi ) o RYW-HmEER
T4 4D SR S - RO e R -~ R R RO R R S - KRR
@ o BRI - BRESEEE - 2R - DERE<HKERR S & - i

R IORZEE o DB S ISR T e SR ER SRS M 2SR o |

HER RIS R IR R SRR IR - F i e S i i S s - 1=
EERIE <& il - SRR BT - EOHT e < e .

Kol | B -~ | R <R T BTSSR - TR i - SBEIRORR A | Sy ~
HeIK | BN -

RS | e B« R S70m 3 o e o e BT A ~ By E 3G 3B LI b o AT
N ~ e B E KT o e - XSRS R R R e i o R 6 W i B
WREN Q@ WEF RSN~ DR ~ 377 S ° DR S 1R 4 el B ) e )
EERH -~ ETRREKERM o

KIREZ AR W R ~ KO SRR o v E - e 5 4 e - W R SR o 0
AT R Y~ BCORERAE o MIRMHAMER - | K - SR e B2 10 | 1K o

O - BRI | HFRI IEHRWHER- I8 is SRR - [P2OKEGEHNGE - | 1) | Do BEE<HER ( Fahrenheit, Daniel.

1686-1736) BzSRIND - SRS RURINI LR IRING - DINE T RS | -




RERNA
fim R OEE
(Galileo Galilei,1564—1642 )

DISCORSI

DIMOSTRAZIONI

MATEMATICHE,
intorno 3 duc nuauc [cienze
Awenenti alla
25 Mecanica & i MovimenTL Locatts
' drl Signer
GALILEO GALILE1 LINCEO,

Filofofo ¢ Matematico pnmario del Seteniffimo
. Grand Duca di Tofcana

Conna Appendicedelsentradigranits dalewrsi Solidd,

{mAiek

IN LEIDA,
Apprefio gli Elfevidii. m. ». ¢ oxxvIzL.

(TEITEEE > — BHAT

mﬂ%Hmﬁ&i?ﬁﬁﬂ%ﬁﬁ%~¢ﬁ%ﬁﬁﬁﬁom%@%%m@g7$
N&ﬁ%%A%ﬁi#%E%ﬁ&ﬁE%K@%ﬁo&?%ﬂ~&ﬁ%@ﬂ%%f&ﬂﬁ
ﬂﬁ?ﬁ#ﬂ%ﬂ%%m%,Bﬁﬁ%%@%,%E%E%ﬁi%ﬂ%%ﬁk%ﬁﬁ,
E%%@ME%&M%&W@TK&&ﬁDm%m&%%ﬁ%ﬁ%&ﬁﬁ&%#%@g
ﬁm%%ﬂ%ﬁmﬂm?&ﬁ&ﬁ%ﬁ%fiﬁ&i%%ﬁ@km%mﬂﬁU$ﬁx
112 I RS ITE DR WMARX L BE
fﬁjiigzﬁ’;?ﬁﬁ‘t&ﬁﬂﬂ S E T HBES AU K RS LET ERH ﬁ*Jﬁ:
iWEﬁA&%E%%%LEﬁ%%%@ﬂﬁﬂ%%ﬂ@k%%%e@mmﬁﬁ?ﬁ%
mm%lﬁuwm@ﬂﬁ%%,mu%%ﬁ?%%ﬁ&%ﬁ?%%?ﬁ?mﬁ?mf,
(ﬁﬁMM&?E%%%%%?w%@ﬁﬁﬁ%ﬁﬂﬂ%%ﬁﬁﬁ%mmdﬁwmW

BE&ED :

b it i

b sl

s 1633 B DRERA |

HEENE Al

AN ETEAHZERTEL., —F 2 1632 EHIRMNCEFR-MEAERE X
) ERRGHE), TERERTFARMAM PO, B4R 1638 EHIRW(ETFHE
0159655 Bh 1 BT R 2 O E TR B ) AR TR 2E), B h R EMRR T b
2 EFRMNRE. MARERE FNRARIEFTUTILIE:

(D BIEMES THFERYEM, S AERMETE THRN AR ARURFTEMNEH
EH. MEAEHNEEEFRENUT AEN 4 M TEWES, EANENBRRT —
AKEROER A AT HTFERBER.

(2) WIETHHEES, R EREHHRBEN . BRTETEELSEN B3
DFHES TR S . R R e S R B S R R R BT B £, bt
IR AR FEEERF RS ATREERES, M AMEREED". X 68
EEREAANRAAS EILABALHYET.

) WETHEDEBUR—MEETE. SMEREEFTET IR L2 ENEY
R THBRKNE. WESER AXMEREE T EEIEM LS.

(4) FASCIORFE TAMMEIESy . fbl /N ERIE A E R T a0 S5 00 M B 004 T b e th
g : B IETFIA S NS 3 Y BB AR (B O BT BRIE EE . BRI — 25 R4S F
B AE D, A S 90° AT kBB 3,

(5) $2HHIE BN A BLAOBER , DAH 5 th V4035 Bl R4 L 0 37 1 A T 14 0 40 3B B A
S E O B AT BB B A R S B BUEE A B S L R 4. LB AR IR
AT T SHESITE A 45 A SRR A, T E b 45 ki Al f B R 1 B AR 4.

(6) 42 TN HEMA B, bAEMAGR T RAMA R — 2 2GR, 3 BT
5 L4 T2 5 AT A S S LR R — R AT, N T C 3 R B B R MR R B 5.
AN B B 4 R R M AR X IR T AL T B AR IS R A IR —.

(N ZATREHSREIHER T RIERFDOEHMBROFEFEREL. bER
BT IEMIGIE. .

A ANFIRE BT B AR R AN ERE MY AR KAEF. AEER
RIS M L R AT . '

BT BARMBI AR S R B FEF S i R E R B R R T B, 2
E RmE R YL RTFEECMAL ERTUERERRTEENET. A
A1 1 0 P O TR ER A 35 P » 0 0 4 P A PR 9 0 SR B R 5B Bl
BRRKFNARGIE— BT HEEWEERMGT R LG T 8T8 0EE, A
& EEY LB T E A58, BORE 0 HE TR A8 04 0% B30 A0 4518 , A T IR A3t 30 17
ARWA R, EEATEMIERIREECY DG L) — 3 P 8 TS 0w a9 2 T L
Bl B PR R O B, RASSBAE S EBERNARE —  MEREENEEN
HIEFH.”

M — S O ERMART T RBERBE R %, AR R
RIT%ET, i B, RPN B+ SEEEE,FHEOMUFR. RARRE
Ml B 52 AR, EBREMUHT 25T B AR, S E— Y
ELEREHRNE S — R, AR EBIETKE.”

43




