
Contents
IYA 2009

The background
The Copernican revolution

2009 THE INTERNATIONAL YEAR OF
ASTRONOMY

Significance and background

Piet van der Kruit
Kapteyn Astronomical Institute

University of Groningen
the Netherlands

January 2009

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy



Contents
IYA 2009

The background
The Copernican revolution

Contents

IYA 2009

The background
Pythagoras and the dawn of science
The geocentric model

The Copernican revolution
Copernicus, Brahe & Kepler
Galilei and the telescope
Galilei’s observations and Neptune

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy



Contents
IYA 2009

The background
The Copernican revolution

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy



Contents
IYA 2009

The background
The Copernican revolution

On December 20, 2007 the United Nations 62nd General Assembly
proclaimed 2009 International Year of Astronomy.

The Resolution was submitted by Italy, Galileo Galilei’s home
country.

The International Year of Astronomy 2009 is an initiative of the
International Astronomical Union and UNESCO.

“The International Year of Astronomy 2009 is a global effort
initiated by the International Astronomical Union and UNESCO to
help the citizens of the world rediscover their place in the Universe
through the day- and night-time sky, and thereby engage a
personal sense of wonder and discovery.”

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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It celebrates the 400th anniversity of the first use of an
astronomical telescope by Galileo Galilei as well as that of the
publication of Johannes Kepler’s paradigm-setting work,
Astronomia Nova; these events were the culmination of the
Copernican revolution and mark the beginning of the modern era
of empirical scientific research.

The aim of the IYA2009 is to stimulate worldwide interest,
especially among young people, in astronomy and science under
the central theme “The Universe, Yours to Discover”; it will be a
global celebration of astronomy and its contributions to society
and culture.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Pythagoras and the dawn of science

I Pythagoras (ca. 580 – 500 B.C.) and his brotherhood
probably started experimentation, for example on the
principles behind harmony in music.

I It was found that the harmonic musical intervals corresponded
to simple ratios of small integer numbers.

I Pure numbers played also a role in Pythagorean theorem for a
right-angled triangle, in particular for the case 32 + 42 = 52.

I The Pythagoreans believed that the earth was spherical and
moved around a central fire.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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I They also are often believed to
have had the view that the
planets moved around the sun in
manners guided by numbers and
therefore musical notes.

I This produces harmony and was
referred to as the “Harmony of
the Spheres”.

I Their breakdown might have
had to do with the discovery of
irrational numbers
(12 + 12 =

√
2
2
).

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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The geocentric model

An important feature of the motions of the planets on the sky was
that of retrograde motion.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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The geocentric model

This results from the fact that we see the planets from the earth
which also moves around the sun.1

1See for an animation e.g. http://faculty.fullerton.edu/cmcconnell/
Planetary Motion.html

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Pythagoras and the dawn of science
The geocentric model

I In the geocentic model the planet moves on a epicycle whose
center moves on a larger deferent.

I The deferent of an outer planet
corresponds with its orbit
around the sun.

I Similarly the epicycle is a
reflection of the motion of the
earth around the sun.

I For an inner planet it is the
other way around.

I In terms of positions on the sky the geo- and heliocentric
models are equivalent.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Pythagoras and the dawn of science
The geocentric model

I The philosophies of Plato (417 – 348 BC) and Aristotle (384
– 322 BC) separated the world in the imperfect one here on
Earth (the ‘Sublunary’) and from the Moon onward the
perfect spheres of the Sun and planets and the starry sky.

I Consequently the motions of the Sun and planets had to be
‘perfect’, i.e. exactly on circles and with uniform angular
velocity.

I The outer sphere is that of the Unmoved Mover that is the
origin of all motion.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Pythagoras and the dawn of science
The geocentric model

I The geocentric model was widely accepted in antiquity.

I One of the exceptions seems to have been Aristarchus (310 -
ca. 230 BC).

I It did not take long to find that the circular motion failed to
give accurate predictions of the positions of the planets.

I Claudius Ptolemy (±100 – 170 AD) completed the geocentric
model that was used to describe the motions of the planets.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Plato & Aristotle (left); Ptolemy (right)

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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The geocentric model

I The sun is not in the plane of every orbit, so an extra
oscillation is required for the motions in latitude.

I In reality planets move with varying angular velocity in their
orbits, so the model failed to predict position well.

I Ptolemy therefore assumed that the angular motion in the
deferent was not uniform with respect to the center, but with
respect to the equant.

I The equant is opposite and equidistant from the center with
respect to the Earth.

I This looks contrived and it is surprising that this works.

I But there actually is an explanation for it.2

2See Deeming et al., Observatory 97, 84 (1977).
Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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The orbit is described by the
true anomaly ν and the
excentric anomaly E .

tan
(ν

2

)
=

√
1 + E

1− E

E does not increase linearly
with time.

If we define a mean anomaly M that is linear with time we get
Kepler’s equation:

M =
2π

T
(t − t◦) = E − e sin E

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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I The angular velocity of the planet as seen from the Sun is

dν

dt
∝ (1− e2)1/2(1− e cos E )−2

I This varies proportionally over a range from (1− e)−2 at
perihelion to (1 + e)−2 at aphelium.

I For the empty focus the appropriate formula is

dν ′

dt
∝ (1− e2)1/2(1− e2 cos2 E )−1

I This variation is over a relative range from (1− e2)−1 at
perihelion and aphelion to 1 for E = 90◦ or E = 270◦.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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The geocentric model

I For an excentricity of the Earth’s orbit (e = 0.017) the
variation is from -3.4% to +3.4% around the mean from the
Sun, but only between -0.014% to +0.014% from the empty
focus.

I For Mars with an orbital excentricity e = 0.093, the difference
is substantial and remarkable. The range is from -17.7% to
+19.5 % from the Sun, but only between -0.4% and +0.4%
from the empty focus!

I This is exactly why Ptolemy’s model works reasonably (and
surprisingly) well.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Historic note on Kepler’s second law

I Kepler’s second law states that the orbital speed of a planet is
such that its radius sweeps out equal areas in equal times.

I We now know this as conservation of angular momentum.

I Before defining this rule Kepler considered uniform motion as
seen from the empty focus, reintroducing the equant.

I He noted this did not work accurately and replaced it with the
inverse distance rule, which held that the orbital speed is
inversely proportional to the radius.

I Only when this did not work did he arrive at the equal areas
rule, where the tangential velocity is inversely proportional to
the distance from the sun.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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I There is a remarkable fact in the full picture of the solar
system (which Ptolemy probably never drew).

I The directions in de the epicycles for the outer planets all have
to be the same, while the epicycles of the inner planets both
have te be centered on the line from the Earth to the Sun.

I We would consider this requiring further investigation to
determine whether there requires an explanation or is pure
coincidence.

I Also the changing brightness of Venus was ignored.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy



Contents
IYA 2009

The background
The Copernican revolution

Pythagoras and the dawn of science
The geocentric model

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy



Contents
IYA 2009

The background
The Copernican revolution

Pythagoras and the dawn of science
The geocentric model

Compare to this
completely wrong
representation from
Wikipedia:
http://en.wikipedia.org/
wiki/Heliocentrism.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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In this and the following slide I quote from Arthur Koestler’s book,
“The Sleepwalkers: A History of Man’s Changing Vision of the
Universe” (1959).

In his classic work Science and the Modern World, Alfred North
Whitehead (1925) writes:
“In the year 1500 Europe know less than Archimedes who died in
the year 212 B.C.”

Koestler asks: “What were the main obstacles which arrested the
progress of science for such an immeasurable time?”

and summarizes this as follows:

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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I The splitting of the world in two spheres.

I The geocentric dogma.

I The dogma of uniform motion on perfect circles.

I The divorcement of science from mathematics.

I The inability to realise that a body at rest remains at rest and
a body in motion tends to remain in motion.

The removal of these obstacles was mainly done by three men:
Copernicus, Kepler and Galilei, opening the road to the Newtonian
synthesis.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Copernicus, Brahe & Kepler

I Nicolaus Copernicus (1473 – 1543) made the model more
complicated by approximating the orbits not by using the
equant, but by superposing uniform circular motions, such
that is corresponded more to what we now know te be
Keplerian motion along ellipses.

I He then simplified the model by assuming that the Sun was in
the center.

I Copernicus was more a man of the Middle Ages.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Nicolaus Copernicus

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Tycho Brahe

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy



Contents
IYA 2009

The background
The Copernican revolution

Copernicus, Brahe & Kepler
Galilei and the telescope
Galilei’s observations and Neptune

I The Danish astronomer Tycho Brahe (1546 – 1601) was the
greatest observer of his time.

I He also described the great supernova (SN1572), known as
Tycho’s supernova, of November 11, 1572.

I This already shook the concept of the perfect world from the
sphere of the Moon onwards.

I Recently the nature of the supernova was determined from a
spectrum seen on reflection nebulosities!

I It is of type Ia, such that it originates from mass transfer onto
a white dwarf in a binary system.

I The run-away companion has been seen also.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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I Johannes Kepler (1571 – 1630) saw the supernova of 1604,
(SN1604) which became known as Kepler’s Sypernova,
because he wrote a book about it (‘De Stella Nova’).

I Kepler noted the absence of parallax and concluded that it
must be part of the sphere of fixed stars.

I This was inconsistent with the Aristotelian dogma.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Kepler’s Supernova (SN1604)
observed with the NASA Great
Observatories

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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I Kepler actually determined the shape of the planetary orbits.

I He was the first to start from observations and questioned (for
the first time in almost two millennia) the validity of the
postulates of perfect motion by Plato and Aristotle.

I Kepler used observations from Tycho Brahe to do this first for
the orbit of Mars.

I He used triangulation by selecting times when Mars was in the
same position in its orbit, assumed the earth orbit to be
circular.

I He then reversed the procedure to determine iteratively the
orbit of the earth.

I In this way he derived his first two laws and abandoned the
concept of the perfect circular, uniform motion.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Johannes Kepler

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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In 1609 Kepler published his famous
Astronomia Nova, in which he presented
his first two laws:

I Planets move in ellipses, with the sun
in one of the foci.

I Planets sweep out equal areas in equal
times (conservation of angular
momentum).

I The publication of this book 400 years
ago is another reason for IYA 2009

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Important features as a result of this were:

I Planets move neither along circles nor with uniform angular
speed.

I The sun lies in the orbital plane of every planet.

I This removes the need for the vertical oscillations that were
necessary to describe the motions in latitude.

I It also points at a physical relation between the motions of
the planets and the sun in the form of a driving force.

I Kepler compared this to magnetism and described it as
pushing the planets forward along their orbits.

Kepler’s ‘harmonic law’ (T 2 ∝ a3) came later and formed the basis
of the inverse-square law for the gravitational force.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Galilei and the telescope

I The immediate background for choosing 2009 to be the IYA is
that Galileo Galilei first studied the night sky with a telescope
in 1609.

I The year before this (1608) the telescope was ‘invented’,
presumably in the Netherlands.

I It is not certain who invented the telescope. Probably many
lensmakers and opticians thought of the idea.

I Lenses then were made for spectacles, so were good only in
central part close to the eyeball.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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I Hans Lipperhey (1570 – 1619) of Middelburg designed a
working telescope (‘spy glass’) and demonstrated it in the
Hague to Stadholder Maurits and many diplomats at an
international peace conference in 1608.

I He documented it by submitting a request for a patent to the
States General, which was refused (too easy to copy).

I Vital (and innovative) in Lipperhey’s design was that he
stopped down the aperture.

I These three things can certainly be put forward in favor of the
position that Hans Lipperhey be regarded the inventor of the
telescope.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Hans Lipperhey and part of his request for a patent.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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I Galilei Galileo (1564 – 1642) heard of the Dutch spy-glass,
obtained one and quickly (with help?) improved it.

I The heliocentric model was confirmed by Galileo with his
observations in 1609-1610 of

I Craters on the Moon
I Sunspots
I Phases of Venus
I Satellites of Jupiter
I Stars in the Milky Way

I Eventually Isaac Newton (1642 – 1727) explained Kelper’s
laws (includig the harmonic law) as a prediction from his
theory of gravity.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Galileo Galilei (left) and Isaac Newton (right)

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Galilei’s observations
and Neptune

Galileo Galiei (probably
with help of others)
quickly improved
telescope design and
started observing the
sky.

Here are some of his
telescopes.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Galilei started observing the
Moon on 30 November 1609.

He used initially a telescope
with magnification about 3.

Here are some of Galilei’s
drawings.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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In December 1609
he discovered that
the Milky Way is
full of stars.

On the left the
lower part of
Orion and on the
right the Plejades.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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This is what Jupiter and the four brightests satellites look like
through a small telescope.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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On January 7, 1610 Galilei observed Jupiter
with a telescope with magnification 30.

He discovered three ‘stars’ near Jupiter and
on 10 January concluded that they circle
around Jupiter.

On 13 January 1610 he discovered the
fourth satellite (or ‘moon’).

Here is a page with Jupiter observations
from Galilei’s notebook for January 10.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Here two pages from Galilei’s famous Sidereus Nuncius (the ‘Starry
Messenger’), published in 1610.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Galilei’s observations of the phases of Venus, starting in September
1610.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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He later also observed sunspots, that were in disagreement with
the perfectness of the sun in the Aristotelian philosophy.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Galilei’s observations of Neptune

I Mutual occultations of planets
are extremely rare.

I Between the superior planets
there are only 9 between 1100
and 2500! (Next is Mars-Jupiter
on December 2, 2223).

I On January 4, 1613 there was
an occultation of Neptune by
Jupiter.

I Galilei observed Jupiter at that
time.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Here is Galilei’s notebook for December 28, 1612.

The ‘star’ indicated is not a known star and is in the correct
direction to be Neptune, but at the edge of the page.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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This is January 2, 1613 with a star (SAO119234), sketched at the
edge of the page.

It says it is 48 jovian radii from Jupiter, while it actually is 52.

Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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Again Neptune is present on the records of 27/28 January, 1613.

Galilei observed Neptune 234 years before it was discovered!3

3Kowal & Drake, Nature 287, 311 (1980)
Piet van der Kruit, Kapteyn Astronomical Institute 2009 The International Year of Astronomy
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This presentation is available as a pdf-file through

www.astro.rug.nl/∼vdkruit/jea3/homepage/2009IYA.pdf
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