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Celebrating the life

Johannes Kepler was the
father of our understanding of
planetary motion.
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CELEBRATING THE LIFE OF JOHANNES KEPLER

of Johannes Kepler
On the anniversary of the birth of one of the greatest polymaths in astronomy,
Jane Green shares Johannes Kepler’s remarkable but blighted life story.

D

escribed by the German philosopher Emmanuel Kant as the
“most acute thinker ever born”, Johannes Kepler entered this
world, prematurely, 450 years ago, on 27 December 1571. Small
and graceful, with dark eyes and black-hair, yet sickly, this child
would become a renowned astronomer, mathematician and astrologer, and,
undoubtedly, one of the greatest scientists of our time. Yet it was no walk
in the proverbial park!
The first of seven children, Johannes was born in the mostly Catholic
town of Weil der Stadt, in southern Germany, amid a patchwork of largely
independent states and cities forming the Holy Roman Empire. It was a
pre-scientific and pre-Enlightenment age dominated by religion. Kepler’s
family were modest Lutherans, and Johannes remained devoutly Lutheran
throughout a life that would be ravaged by Protestant and Catholic
Reformations. Existence was stoked by discontent: peasants saw the
Catholic clergy as greedy and the ruling princes as avaricious. Embittered
philosophers were at loggerheads. Astrologers were seen as ‘coarse fools’
and ‘absurd dunces’.
It was a time of ever-worsening turbulence and divides, of anger,
oppression and persecution, when the devil reigned and witch hunting was
the norm. Copernicus had been dead for 28 years, the great Tycho Brahe
(1546–1601) was aged twenty-five and Galileo Galilei (1564–1642) was a
mere seven years old.
Into this broiling arena entered Johannes, a boy who sought to observe
and understand phenomena, who was excited about empirical science
and who looked for beauty in all things in a bid to create a better world
– positivity at odds with his negative early childhood. His headstrong
father, Heinrich, was a feckless, immoral soldier-of-fortune. Vicious,
A woodcutting depicting the Great Comet of 1577, which so astounded and inspired Johannes Kepler,
among other astronomers. Image: Jiri Daschitzsky/Zentralbibliothek Zürich/Wikimedia Commons.

stern and mostly absent owing to fighting in
various European wars, Heinrich’s marriage
to Johannes’ mother, Katharina, was loveless.
She was garrulous, quarrelsome and generally
unpleasant; they frequently argued. Ultimately
oppressed by her in-laws, she followed Heinrich
to war, abandoning Johannes to the care of
his grandparents, Sebald, the Mayor of Weil,
and Katharina. They too had little love for the
quiet, sensitive boy and treated him badly, but,
displaying great fortitude, the sickly Johannes
survived, though smallpox left him with crippled
hands and compromised eyesight. Even in his
early life he took solace in God.

Cometary inspiration

Life in Weil was agrarian and insular; peasants
were interested in hunting and occasional
military events, not the heavens. But, once,
Johannes’s mother did take him to a ‘high place’
to see the Great Comet of 1577. Little did he
know that just such a comet would later be
subject to his scientific studies, nor could he
know that the great Danish astronomer, Tycho,
observing from Uraniborg in Denmark, was
wondering whether this comet could transgress
Aristotle’s Earth-centred crystalline spheres
with their ‘fixed’ orbiting planets and stars, then
how could Aristotle’s cosmology be real?
Later, in 1580, Johannes and his father
witnessed a lunar eclipse, noting that it was
‘quite red’. Many years later Johannes would
offer the first largely correct explanation.
Having proved his mathematical prowess to
travellers passing through his grandfather’s inn, it

Copernicus’s heliocentric
system, sparked in
Johannes a lifelong
obsession; a need
to mathematically
understand God’s divine
architecture and reveal the
harmony of the heavens
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The five Platonic solids inside their six spheres, corresponding to the
orbits of the six planets known to sixteenth and seventeenth century
astronomers, as illustrated in Johannes Kepler’s Mysterium
Cosmographicum.

was clear that Kepler was bright, straight-talking,
precocious and deeply pious. No brainwashing
for him! He interpreted religious texts for himself
and sought unity rather than religious divide. He
attended boarding school at Adelberg and later,
aged fifteen, he was resident at the Cistercian
monastery at Maulbronn, where he learned
Latin – the language of scholars and higher
culture – and excelled in grammar, rhetoric, logic,
arithmetic, geometry, music, astronomy, Greek
and Hebrew. But he endured hostility from
boys whom he considered “enemies” and was
“consumed by anxieties”. He also suffered terrible
skin diseases, with weeping wounds on his feet, a
worm in the middle finger of his right hand and a
massive sore on his left hand.

Inescapable influence

Kepler’s Platonic solids in order

First sphere
Octahedron
Second sphere
Icosahedron
Third sphere
Dodecahedron

Tetrahedron

Fourth sphere

Fits inside the
second sphere

Fifth sphere

The radius is
defined by the
dimensions of the
cube into which it
snugly fits.

Cube

Fits inside the
first sphere

Sixth sphere

In September 1589, as a beneficiary of the ducal
scholarship system, he studied theology at the
renowned Tübingen University and was destined
for the clergy. It was here that he practised
astrology – the “foolish little daughter of the
respectable, reasonable mother astronomy”
– casting horoscopes for fellow students. For
Kepler, astrology, like DNA, did not totally
determine one’s actions, but rather it had an
“inescapable influence”.
Kepler also enjoyed costume acting and caught
a cold while playing Herod’s wife in an outdoor
theatre production. But he was awakened to “all
possible thoughts and all possible questions”,
including those about heaven, souls, spirits, the
elements, the nature of fire, the tides, the shape
of the Earth and surrounding seas, the Roman
calendar, the weeks of the year according to the
prophet Daniel, and the history of the Assyrian
Empire. He studied geometry, Euclid’s Elements,
trigonometry, the works of Archimedes and
Apollonius, and Ptolemy’s and Aristotle’s Earthcentred Universe.
Crucially, it was at Tübingen that he was
introduced to the Professor of Mathematics and
talented astronomer Michael Maestlin (1550–
1631), who lent him his copy of Copernicus’s De
revolutionibus orbium coelestium libri vi (‘Six Books
Concerning the Revolutions of the Heavenly
Orbs’). Kepler instantly became a Copernican,
perceiving how “clumsy” the “hitherto customary
In Kepler’s cosmology, the orbits of the six known planets of the
time were spaced between what Kepler described as God’s perfect
Platonic solids – an octohedron, an icosahedron, a dodecahedron, a
tetrahedron, and a cube. AN graphic by Greg Smye-Rumsby.
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notion of the structure of the Universe” had
been. Copernicus’s heliocentric system, with
its unchanging, divinely driven ‘mechanical’
movement, sparked in Johannes a lifelong
obsession: a need to mathematically understand
God’s divine architecture and reveal the harmony
of the heavens.

A revelation

After graduation, Kepler turned his back
on a life in the clergy and instead taught
mathematics, history and ethics at a Lutheran
boys’ school in Graz, Austria. Although a great
scholar, he was a poor teacher. Yet one day,
while excitedly rambling on about the periodic
conjunction of Jupiter and Saturn to uninspired
students, he drew a circle on his blackboard,
then enclosed it within a triangle so that the
midpoints of each straight line just touched
the circle and, finally, drew a larger circle, its
circumference touching each of the triangle’s
three points. According to Copernicus, Saturn
lay twice as far from the Sun as Jupiter – exactly
the same ratio as the two circles separated by a
triangle. It was an epiphany for Kepler; when
God constructed the Universe he must have
built into the spaces between each planetary
orbit (orbit was a new word that Kepler
invented) the five ‘perfect’ Platonic solids. He
had stumbled upon the invisible geometrical
scaffolding on which all known planetary
spheres were placed! Overwhelmed, he wept.
After protracted calculation, some fudging and
with the permission of Tübingen University,
he published God’s divine structure in 1596 in
his Mysterium Cosmographicum – establishing
ideas that he would pursue for the rest of his
life. The ‘Cosmographic Mystery’ revealed the
only arrangement that made sense of the Holy
Trinity: God in the Sun; Christ in the sphere
of the fixed stars and the Holy Spirit spread
between the two. It was almost the first major
published work (he was beaten by Giordano
Bruno [1548–1600] and Thomas Digges [1546–
1595]) defending the Copernican system.
The great Galileo offered scant approval.
Brahe, however, was enthusiastic; he could utilise
Kepler’s skills and initiated communication with
this theoretical genius.
In 1597, as Counter Reformation clouds
gathered, Johannes married the “weak and
annoying” Barbara Muller, but there was little
marital bliss. Kepler was a solitary, melancholic
man, somewhat chauvinistic and hydrophobic
– he did not bathe for eight years! He instead
focused on what would become his principal
work, Harmonice Mundi (1619); a convoluted
attempt to explain the proportions of the natural

Johannes Kepler observed a supernova in 1604 from Prague. He also studied telescope optics, comets and
Jupiter’s moons.

world, both astronomical and astrological, in terms of music. Having
embedded the Platonic Solids within the orbits of the six known planets,
he now attributed the motion of the planets and their eccentricities
to musical intervals, the planetary tones producing harmony and,
astrologically, an interaction between heavenly ‘music’ and human souls. He
was staggeringly wrong but, vitally, Book V, Harmonice contained the third
of his famous Three Laws (Kepler did not call these discoveries ‘laws’) of
Planetary Motion – the cube of the average distance of a planet from the
Sun divided by the square of the time to complete one orbit is equal to a
constant, a value applicable to all planets. To this day, it is a milestone in
our understanding of planetary motion.

Tycho and Mars

In January 1600, with his family yet again in fear of Catholic
persecution and expulsion, he was invited by the irascible Brahe, now
Court Mathematician, to join him at Benatky Castle, near Prague.
Here, as Christen SØrensen Longomontanus’s (1562–1647) observing
amanuensis, or assistant – remember, Kepler’s eyesight had been
compromised by childhood smallpox – they observed and meticulously

His famous Three Laws of Planetary
Motion are, to this day, a milestone in our
understanding of planetary motion
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recorded the movement of Mars. Kepler,
intuitively aware that the Sun’s force weakened
inversely with distance, quickly recognised that
the red planet sped up and slowed down in
its orbit. Longomontanus, who was a devotee
of Brahe’s ‘Tychonic’ geo-heliocentric model
where planets orbited the Sun but the Sun still
orbited Earth, refused Kepler’s interpretation,
preferring to calculate with his dependable
mathematical ‘tools’ – the equant and deferent
– and blaming the changeable velocity on
celestial angels tiring when pushing the planets!
But Kepler was resolute: if he could determine
the exact reason for Mars’ differential motion,
then he could explain why the other planets
moved slower when farther from the Sun but
faster when closer.
However, underpaid and frustrated by Brahe
withholding data, save for a few snippets fed
to him him at dinner, Kepler grew angry. The
freakish life at the Castle became exasperating,
specifically his unhelpful observing schedule,
the endless feasting, incessant noise and lack
of privacy. Matters came to a head. Kepler
drafted a list of demands. These mysteriously
came into Brahe’s possession. A row ensued.
Incandescent, and despite a meeting mediated
by his friend, Johannes Jessenius – professor
and anatomical consultant for Emperor Rudolf
II – Kepler left for Graz. Later, banished by
Archduke Ferdinand II, and forgiven by Brahe
for his ‘unseemly conduct’, he returned to
Prague and finally accessed more of Brahe’s
observational data to begin another project –
the mammoth Rudolphine Tables. This was a star
catalogue and planetary almanac that Brahe
had commissioned from Emperor Rudolf II,
but which would take 25 years to complete.
After Brahe’s death in October 1601 (see Allan
Chapman’s article on the subject in the October
2021 issue of Astronomy Now, Kepler became
Imperial Mathematician. Having at last inherited
Brahe’s superior extensive data – accurate to a
precision of two arcseconds – and armed with
his own solar hypothesis, he doggedly adhered to
Tycho’s observations and applied his mathematical
brilliance. In 1609, despite data ownership disputes
with Brahe’s jealous son-in-law, Franz Tengnagel,
he finally published Astronomia Nova, which was
the result of his mammoth 10-year investigation
into the motion of Mars. The book contained the
First and Second of his Three Laws of Planetary
Motion: planets orbit in ellipses with the Sun
at the one of the foci of each ellipse; and a line
drawn from a planet to the Sun will sweep over
equal areas in equal time. Sir Edmond Halley later
famously used these laws to calculate the orbit of
his eponymous comet.
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Kepler was resolute; if he could determine
the exact reason for Mars’ differential
motion, then he could explain why the
other planets moved slower when farther
from the Sun, but faster when closer

Life falls apart

By 1626, now District Mathematician in Linz, Kepler’s life had
worsened. His wife and favourite son had died, as had five of his other
children from his second marriage, and he was excluded from Lutheran
communion. Astonishingly, he remained indefatigable in studying
optics and optical anatomy, supernovae (the 1604 supernova is known
as ‘Kepler’s supernova’), Galileo’s Jovian moons, telescope lenses and
light transmission (Dioptice, 1611), telescope design (he invented the
Keplerian refractor, using a convex rather than concave lens), snowflakes,
hexagonal packing of spheres, and comets. In 1621 he finally completed
the third volume of his most influential work, the Epitome Astronomiae
Copernicanae (‘Epitome of Copernican Astronomy’). This included
arguments for Copernican theory, but added his harmonics and new
rules of planetary motion. It contained all three laws, explicitly extending
the first two to all the planets, the Moon and Jovian satellites, even
though it did not explain how elliptical orbits could be derived from
observational data. Somehow, from 1615 to 1621, he even managed to
successfully defend his mother against a charge of witchcraft!
In October 1630, in a bid to obtain monies owed to him, he left for
Regensburg, where, on 15 November, he died of fever. Fate gave no
peace in life or death; his grave was destroyed during the Thirty Years
War. But he left a formidable legacy. Isaac Newton’s Universal Theory
of Gravitation (Principia, 1687) crowned the cosmic structure Kepler
had begun. Kepler’s Three Laws guide space exploration today. He was,
and 450 years later still is, a scientific giant upon whose shoulders other
scientists metaphorically stand.
Jane Green is an astronomy speaker, STEM ambassador and author of the Astronomy Manual – The Practical
Guide to the Night Sky, published by Haynes.

In 1615 Johannes Kepler’s mother, Katharina, was accused of witchcraft. She is seen here with an
executioner, showing her the tools he will use to torture a confession out of her. Johannes spent six years
fighting for her freedom, and was ultimately successful.

