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Heavens unit

Are representations of astronomical phenomena true or
merely useful?
How does scientific knowledge travel?

I. Ptolemy and the Planets

I1. Medieval Islamic Astronomy

I11. Copernican Revolutions

Ptolemy, 7he Almagest, 5-14, 86-93;
Al-Tusi, Memorr on Astronomy, 194-222;

Lindberg, Beginnings of Western Science, 85-100.



Timeline

Ancient
500 BCE 500 CE 1450
Renaissance Enlightenment
1450 1700 1850
Modern
1850 today
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Puzzle of the Planets

1. Planets roughly follow the path of the sun
(within 5 ° of the ecliptic).

2. They tend to move W to E over the year,
but with varying speeds.

3. They sometimes display retrograde motion.

4. They appear brightest during retrograde.




Retrograde Motion

Illustration explaining retrograde motion removed due to copyright restrictions.

Mars, 2003



Geocentrism

Nearly all of the ancient scholars
assumed geocentrism: that the Earth
sits at rest 1n the middle of the cosmos,

while the sun, planets, and stars 1
revolve around it. " Aristotle, ca. 330 BCE

Aristotle, De Caelo




Flat Earth?

No! Nearly all Greek scholars assumed
that the Farth was a perfect sphere.
Aristotle gave arguments 1 his De
Caclo, ca. 330 BCE; Eratosthenes even

measured the Earth’s circumference, ca.

250 BCE.

Peter Kohlbeck, In Sight of the New World, 1852
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The “flat earth” myth was
invented by Washington Irving in
1828, to heighten the drama of
Columbus’s voyage.



Fudoxan Spheres
Fudoxus (ca. 400 - 350 BCE), a

student of Plato, invented a scheme e e
of nested concentric spheres. If they

rotated around different axes, and 1n

opposite directions, a planet attached

to both would trace out a uppopede:

retrograde motion.



http://www.beyondpluto.net/LYCIA/Hippopede.jpg

k.ccentric Circles ’
Apollonius (ca. 250 BCE): planet 1/

moves uniformly along a perfect c
circle, but the Earth 1s displaced from
the center. So for us, the planet
appears to change speeds.

Winter
so|stice
90 1/8 days 88 1/8 days
>pring E Autumn Hipparchus (ca. 150
equino equinox . .
X BCE) applied the eccentric
& circle to Babylonian
observational data, e.g., to
94 1/2 day} 92 1/2 days the path of the sun along
Summer thG €CliptiC.

s4>|stice



Epicycle P

epicycle

Apollonius also mvented the
epicycle, ca. 250 BCE. He
demonstrated that the effects of an
eccentric circle could be equally well
accommodated by an epicycle and
vice versa, 1f one tuned the parameters

correctly.

deferent




Ptolemy
Claudius Ptolemy (ca. 90 - 168 CE) lived in

Alexandria, the great center of learning and

exchange. His last name (nofto be contused

with Egyptian royalty) indicates Egyptian and

Greek heritage. His first name reveals Roman  §f ey ©
citizenship. SN AR 2

I?;a“rlaqué ilAIl;St'rati_on of Ptolemy,
ca. 1600

Almagest, 9t century Greek parchment.



Retrograde Redux :

Ptolemy demonstrated
that by tuning the rate of
rotation of the epicycle,
one could produce
retrograde motion.




A Third “e”

In addition to Apollonius’s eccentric
circle and epicycle, Ptolemy mvented a c
third device: the equant. A planet
swept out equal angles 1n equal times

with respect to the equant, rather than

the true center of 1its circle. \
Using all three ‘e’s, Ptolemy could

match observed planetary motion to

within 1° on the sky — unsurpassed
until Tycho Brahe 1n the 1580s!

But Ptolemy’s equant broke with Plato’s dictum (and
Aristotle’s physics) about uniform circular motion.



A New World Power

The Roman Empire fell ca. 450 CE.

Muhammed was born in Mecca in 570.

He was exiled to Medina in 622.
By 628, he had 10,000 followers.

Map of the Islamic Empire, ca. 750, removed due to
copyright restrictions. See:


http://www.islamproject.org/images/islam_750.jpg

Old Texts, New Ideas

Old view: The medieval Islamic
scholars merely salvaged Greek
learning and “transmitted” 1t to
Latin Europe, without doing much
to enrich 1t along the way.

ke : 3

Book of Curiosities, Egypt, ca. 1020

Scanned citation for Sabra, A.J. "The Appropriation and Subsequent Naturalization
of Greek Sciencein Medieval Islam: A Preliminary Statement.” History of Science
25 (1987): 223-43. removed due to copyright restrictions.

New view: Period of deep onginality. Massive
translation eftorts, ca. 750-900, followed by
intellectual appropriation, naturalization, and —
only later — decline.



Andalusian Astronomy

ﬁ@ﬁﬁ” ; Averroes (d. 1198): “We should [seek] the true astronomy
ity \ 2 yy that 1s possible from the standpoint of physical principles. For
| & nothing of the true science of astronomy exists in our time, the
astronomy of today being only in agreement with calculations

b _ 2N and not with what exasts.”
Andrea Bonaiuto, Averroes,

ca. 1350

Al-Bitrapi (d. 1217): “Ever since my youth I have followed the

teachings of the ancients concerning the motion of the heavens, | maeof nested sphere's removed due

especially the teachings of the master of this science, Ptolemy. o copyrgntesctons

Yet I remained skeptical about those of Ptolemy’s hypotheses
which I found repugnant because Nature contradicted them.”

al-Bitruji’s nested spheres

Group members were dedicated Aristotelhians -
philosophers first, most concerned with the question of
physical causes. They focused on Ptolemy’s physics,
and found 1t wanting.


http://www.clas.ufl.edu/users/ufhatch/HIS-SCI-STUDY-GUIDE/physicallyRealPlanetarySystems3.jpg

Maragha School

Founded 1n 1259. Rather than try to replace
Ptolemy’s system, they worked to reform it
from within, saving his empirical results. To
them, the equant was repugnant because 1t
was nconsistent with Ptolemy’s stated
program.
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Nasir al-din al-Tusi, Memoir on Astronomy,
ca. 1260

Photo of a stamp featuring al-Tusi removed
due to copyright restrictions. See:

Al-Tus1 demonstrated how to reproduce
the effect of the equant using only uniform
circular motion: the “T'us1 couple.”

Iranian postage stamp
featuring al-Tusi, 1956


http://msnucleus.org/membership/html/jh/physical/atomictheory/images/Tusi.jpg
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Quth al-din al-Shiraz (d. 1311) referred <~ —wan
often to al-Tusr’s writings. Using a pair of
Tus1 couples, al-Shirazi made the planet’s
path stretch at the ends and pinch at the

midpoints.
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Al-Shirazi, The Royal Present, 1284

Al-Shiraz1’s planetary models were
the first to consider deviations from
purely circular orbital paths.




| principio dictum [, motam ccle

Paper Trail Iebeis ac mc‘uhubm (:'P\T“mm'

Many Maragha
manuscripts wound up 1n
Padua by the late 1400s.
Copernicus arrived there
as a medical student in

1501.
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Arabic manuscript, 13t century, in Vatican library




EFnter Copernicus
Nicholas Copernicus (1473 - 1543)

was the son of a wealthy merchant.
He studied astronomy i Poland
(1490s), betore moving to Bologna to
study canon (Church) law, and then
Padua to study medicine. By 1503, he
was back m Poland working as the
assistant and physician to his uncle, _
the Bishop. Nicholas Copernicus, ca. 1580

He worked on legal 1ssues, taxes, currency reform...
and, after hours, astronomy.



Heliocentrism

In 1510, Copernicus wrote a manuscript - the
Commentariolus, not published until the 19t
century - in which he mtroduced the 1dea of
heliocentrism. Putting the Farth in motion would
provide a simple explanation for retrograde.

Earth

. Sun

NICOLAI COREBRNICK
net,in quo terram cum orbelunari tanquam epicyclo contineri

diximus. Quinto loco Venus nono menfe rcduu’tur.',Scxtun:
denigs locum Mercurius tenet,octuaginta dierum fpa‘uo circlt
currens, [n medio uero omniumrefidet Sol, Quis enimin hoc

pulchetimo templo lampademn hanc in alio uel meliorilocopo
neret,quim unde cotum [imul pofsit illuminaresSiquidem non
inepte quidam lucernam mundi,alyj mentem, alij reGtorem uo=
cant, Trimegiftus vifibilem Deum,Sophoclis Electra intuenté
omnia.lta profecto tanquam in folio re gali Sol refidens circum
agentem gubernat Aftrorum familiam, Tellus quogs minime
fraudatur lunari minifterio,, fed ut Ariftoteleg de animalibus
ait,maximd Luna ct terra cognation€ habet, J\ncipitinterea
Soleterra, & impregnatur annuo partu. fosd Ysaysigitur {::b

ac
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It also provided a reason for the
order of the planets: closest to sun
orbited the fastest.



On the Revolutions...

Finally in 1543, Copernicus published his B et peelelb,
Libri v 1.
full treatment. De Revolutionibus s a IN QVIBYVS STELLARVM ET Ff

XARVM.ET GREATICARVI MOTVS, EX VETE
ribus atg recentibus obferuationibus, refticuic hic autor,
{ Praterea tabulas expeditas luculentast addidic, ex quis

Strange admixmre Of quaSi-AriStOte lian bus eofdem motus ad quoduis tempus Mathes

“matum (tudiofus facillime caldus

lare poterit. |

arguments, Ptolemy-styled quantitative

opernici Narratio prima,pet ! A Geotgium loachi
mum Rheticum ad D). loan. Schone-
ipta.

models, and fits to data.

If the Earth 1s at rest, then the distant stars
must execute “vehement motions” for us to see e
them rise and set everyday. Bﬁsfg-:g&g-‘;ﬂcsg.cgf;‘é‘m St

The Earth is a sphere, and “the motion
appropriate to a sphere 1s rotation in a circle.”

The sun belongs 1n the center: “At rest, in the middle of
everything, 1s the sun. For in this most beautiful temple, who would
place this lamp 1n another or better position than that from which it
can light up the whole thing at the same time?”




Fmpirical Regularities

It was well known that the outer planets appeared brightest
when 1n opposition to the sun. No explanation within a
geocentric cosmos; but 1t was an automatic outcome of
heliocentrism.

Jupiter Earth @ Sun Jupiter Earth @ Sun



Renaissance Humanism

4. Taer RE HEavEN: Move SPHERICATLY

It is probable the first notions of these things came to the ancients from =o
such ohservation as this. For they kept seeing the sun and moon and other sts
always moving from rising to setling in parallel circles, beginning to move
ward from below as if out of the earth itself, rising little by little to the top, a
then coming around again and going down in the same way until at last th
would d'luﬂ.ppenr as if falling into the earth. And then again they would see the
al'tpr rem‘unmg B0me lev 1I'I'l.-l"|E|]|P n'=|1ni; anrl f-FH'mn; A |f from another beg

It ia immediately clenr that, on this hypothesis, angle ADE and angle FBE
are always equal, and that ths star will
appear on the straight ling DE,

I eay also that, on the hypothesiz of
eccentricity, both if the escentric cirele
is greater than the concentric eircle
and if it iz lese, with only the similarity
of the relations and the isochronism of
the returns assumed, the star will
Apnin appear on the same straight
line DF,

For let the eccentric eirele G be
drawn greater, as we said, with its centre
at K on AC; and likewise LM less, with
centre N, And produeing DMFH and
DLAG, let HK and MN be joined. Since

DB BF::HEK KD :MN:ND,
and since

angle BFD =angle MDN

THE UNIVERSE IS SPHERICAL Chapter 1

First of all, we must pote that the universe i5 spherical. The reason s eicher
thar, of a1l forms, Pne sphere 8 the most perfect, needing no joint and being a comn-
plete whole, which can be peither increased nor diminished; or thar it is the mest
capacious of figures, best guited ro enclose and rersin all things; or even that
all the separste garts of the universe, I mesn the sun, moon, planets and s1ars,
are seefl 1o be of this ghape; or that wholes serive o be n.m..um:qucd by this
boundary, a5 is Apparent in drog
seek to be self-contained. Hence 4
e the divine bodies,

epicyclet’s circumfergnce in points K, L, ond M, Take are KN similar wo AF,
LO w BF, and MP to FBC. Join EN, d EP. Then by [the preceding]
compunation arc AR = 75° 3%, BC = 37° 51", NEO = the angle of apparent
metion. = 687 23", and angle OFP = 34° 34",

“To be sure, Claudius Ptolemy of Alexandria, who far
excels the rest by his wondertul skill and industry, brought
this entire art almost to perfection. [...] In my discussion, I
shall adopt practically the same procedure as Ptolemy.”

Copernicus, De Revolutionibus



Copernican Myths

Nor did Copernicus match empirical data better than
Ptolemy had done. He couldn’t — Copernicus fit all of his
parameters so as to exactly reproduce Prolemy’s data. So
no observational differences whatsoever between the two
systems.

So why did Copernicus bother? Because he thought
heliocentrism was real.



Mixed Messages

Copernicus saw page proofs of De Revon
his deathbed. An anonymous preface was
added to the published version — by the
Lutheran theologian Andreas Osiander.

“The duty of the astronomer [1s to] adopt
whatever suppositions enable the motions to be
computed correctly from the principles of
geometry. These hypotheses need not be true
nor even probable. On the contrary, if they
provide a calculus consistent with the
observations, that alone 1s enough. [...] If any
causes are derived by the imagination, they are
not put forward to convince anyone that they are
true, but merely to provide a rehable basis for
computation.”

G. Pencz, Andreas Osiander, 1544

Philosophers, not
astronomers or
mathematicians,
were to decide
matters of cause
and truth.



Lawsuit

When Copernicus’s assistant saw the
published version — complete with
Osiander’s preface — he sued the publisher
for “breach of trust,” and sought to force

the publisher to 1ssue a corrected version.
(1709)

Anno Oéavo
Annz Regine.

An A& for the Encouragement of Learning, by Veft-
ing the Copies of Printed Books in the Authors or
Purchafers of {uch Copies, during the Times therein
mentioned.

M, Yocreas 1Panters, Wookfellers, and other
3 I%etrons Bave of late frequentip taken
e Liberey of Pinting, Bepinting,
no Publihing, o cauling to be JPyint-
v, Repiinted, and JPublithen Books,
anb other Weitings, witbout the Cone
ent of the Authos o Propiietors of
uch ¥ooks anu &rltings, ta thele
ety great Detefment, and too often
%, to the Bufn of them anv thel Fame
XS lfeg : S0y Peventing therefore fuch
Puiices for the future, anb fop th
Eneouragement of Leatned Ben to ¢
ful Booky 5 Pap (¢ pleale Pour Pajefl
afied, anv be {t Enaded bp the Queens v
bp ano with the Auvice and Confent of t|
Cempol, ans Commons fn this prefen
anu bp the Queboxty of the fame, Tha
@enth Dap of Ap:il, Dne thouland (ebe]
Quthoy of anp Book 0} Wooks alreaby
@rangfereed toany other ¢he Copy 0y @
WBooks, Shore 0y Shates thereot, o0} ¢
fellers, Pinter 02 Pafnters, op other
Hath oy have Purchaled 0y cquiten the g
Book 0} Wookg, (n ouer to Paint 02

The town council ruled in favor of the publisher:
100 years after Gutenberg’s printing press, notions
of authorship (let alone copyright) were still in flux,
and quite different from today’s standards.

Few knew that Osiander’s (anonymous) preface hadn’t
been written by Copernicus — only revealed in print 80

eI, vears later. So most early readers took Copernicus’s

Tooks fop the Term of Dne and tvent)

o mml‘gnfim?ﬁggpazut nAnPim'a?: . . v
ke AtEdls message to be that heliocentrism was merely convenient,
6 Tte 2

not really true.



Rethinking “Revolutions”

The “Copernican
Revolution” hardly
happened overnight. In
fact, 1t spanned at least a e Srsasect St Revhstne hoth Thoe
S. Kuhn, removed due to copyright restrictions.
century and a halt...

... SO was 1t a “revolution” or “evolution”?
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