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lescpotamia = “land of two rivers”

[and between the rivers Euphrates & Tigris
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Two distinct periods of flowering:

* Old Babylonian astronomy:
during and after
First Babylonian dynasty (Hammurabi).  1830-1531 BCE

New Babylonian/Chaldean astronomy:
Neo-Babylonian (Nebuchadnezzar) 626-539 BCE
Medo-Persian 539-331. BCE

Seleucid 335-141 BCE
Parthian 129 BCE-224 AD

Y DATE ASTHRONOMY GENERAL HISTORY
Bab y lonla I l Old Babylonian Period Reign of Hammurapi
1700 BC
Enema Elish
1600 Venus abservations
tronomy |ceoms
1500
1400
Enuma Any Enlil
. . 1300
timeline
Babylonian astronom 1300
abylonian astronomy S Dy
1100 Oldest rectangular astrolabe
Evans 1998 1000
200
R0
Eclipsc records Reign of Nab
700 Assyrian Rule
MUL.APIN Reign of Ashurbanipal
600 Chaldecan Dynasty  Oldest astronomical diaries
Persian Hule
500 Faqual-sign zodiac

Regularization of calendar
400

Alexander takes Habylon

Seleucid Dynasty
300 Planeiary theory

200 BC

100 Parihian Rule
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Babylonian Astronomers:

* most consistent, systematic and thorough
astronomical observers of antiquity

- First to recognize periodicity astronomical phenomena (e.g. eclipses!),

and apply mathematical techniques forpredictions

- Systematically observed and recorded the heavens:
- Records spanning many centuries (>millennium)

- Archives of cuneiform tablets

- Famous Examples:

Kassite period (1650-1150)
Venus tablet of Ammisaduga
700 BCE

68-70 tablets

Enuma Anu Enlil
tablet63:

MUL.APIN
oldest copy: ~ 686 BCE

e, i

ph_ejneﬁ'des fo:r

Procedure texts:
description of procedure(s)
to calculate ephemerides




Old text, probably Kassite period
(1595-1157 BCE)

A major series of 68 or 70 tablets
dealing with Babylonian astrol

bulk is a substantial collection of omens,
estimated to number between 6500 and
7000,

interpreting a wide variety of celestial and
atmospheric phenomena in terms relevant
to the king and state

2. If with it a cloudbank lies on the right of the sun:
the trade in barley and straw will expand.

. If with it a cloudbank lies to the left of the sun:
misfortune

. If with it a cloudbank lies in front of the sun:
the king of Elam [will die]

5. If with it a cloudbank lies behind the sun:
the king of the Gutians [will die]

. If in Pit babi the sun is surrounded by a halo in
the morning: there will be a severe heat in the
country and the Lamashtu-demon will attack the
country.

. If with it a cloudbank lies to the right of the sun:
the king of Eshnunna will die.

. If with it a cloudbank lies to the left of the sun: the
king of Subartu will die and his dynasty will come
toan end.

. If with it a cloudbank lies in front of the sun: the
rains from heaven (and) the floods from the
depths will dry up.

10. If with it a cloudbank lies behind the sun: the
harvest of the land will not be brought in.
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MUL.APIN

Around 700 BCE,
after king Nabonassar

- summary of astronomical knowledge

(Neugebauer)
- Parapegma (Evans)

» Catalogue of stars & constellations

* Schemes
heliacal risings/settings planets

* Measurements lengths daylight

* 66 stars

Ty T e ——

Most Chaldean astronomers strictly concerned with-ephemerides,
not with theoretical models

Predictive planetary models empirical,
usually sophisticated arithmetical/numerical schemes

Models do. not involve .geometry & cosmology (that’s the Greeks !)

Discovery (lunar & solar) eclipse cycles & Saros period

11/12/2015
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Lasting Astronomical Influence:

« Constellation Names

* Zodiac

* Degree - unit angle

- Sexagesimal number system:
circle: 360 degrees

degree: 60 minutes

place value number system
(crucial for Greek science !)

« Eclipse Observations & Periods

« Synodic, Siderial, Draconic, Anomalistic
months

e and ...

Magi: Chaldean Astronomers
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Transmission:

« Transfer of Babylonian astronomical

knowledge essential for Hellenistic
astronomy

» Alexander the Great:

' orders translation
astronomical records,
under supervision
Callisthenes of Olynthus,

to be sent to his uncle
Aristoteles

* Direct Contacts:
e.g. Hipparchus
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Timeline & Overview

Greek Cosmology

8t Century BCE:
mythical cosmology

8° eeuw v.Chr.

Mythische cosmologie
Homerus & Hesiodus

Wereldbeeld

o Aarde platte schijf
e  Omringd door rivier
e Hemel op pilaren




6" Century BCE:
Pre-Socratic Ionian Natural Philosophers

8% eeuw v.Chr. 6° eeuw v.Chr.
Natuurfilosofen
Mythisché ¢ I
Homerus & Hesiodus Thales Anaxil d
Wereldbeeld

)

s Aarde platte schijf
s  Omringd door rivier
*  Hemel op pilaren

«  Aarde platte schijf
*  Rust volledig op water

* 0O water

LI

Aarde platte schijf

Vrijhangend, geometrisch -

Lucht, mist, vuur

Cerelement grenzeloos e O

¢  Aarde bol
Centraal vuur, zarde, anti-
aarde, planeten

sth Century BCE:
Pre-Socratic Natural Philosophers

8% eeuw v.Chr. m 6° eeuw v.Chr. 5* eeuw v.Chr.
Natuurfilosofen
Mythische i T
Homerus & Thales Anaximander Pythagoras Anaxagoras Empedokles ppos &
Demokritos
Hesiodus
Wereldbeeld C ®hlles bestaat wt
wAlles bevat een deed aarde, lucht, vuur, atomen
wan al het andere water sAtamen zijn
H nist LH &n
poddelij warm, koud cnveranderjk,
ehlles bestaat uit maar verschillen in vorm
. . veshouding van en groatte
eharde platte schijf wAarde platte schijf | eAarde platte schijf | sAarde bol s it el
#0mringd door rivier sRust volledig op a\rijhangend, aCentraal vaur, eigenschappen
sHemel op pilaren waner aarde, anti-aard, (8= 16 mogelijkheden)
slLucht, mist, vaur planeten
o0 water
grenzelocs Eetallen

11/12/2015
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4™ Century BCE:
from Plato to Aristoteles

8" eeuw 6" eeuw v.Chr. 4° eeuw v.Chr.
w.Chr.
Natuurfilosofen
Mythische cosmologie Plato Eudoxos Callippus Artstateles

Homerus & Thales | Anaximander | Pythagoras

Heslodus
Werekibeskd e ;@; A o
wharan patte | | wAarce whacor patie | eAarde bal » . Mechansch
schiff plarve scnift it SCnntras vuur, —= K wericbeeio
eOmringd it eVrjhangend, aarce, anth
coor rver woliedig op. geometrisch aarce, planeten e wHippapete wCaliptache cycus wd elerenten
eHemel op water olucht, miat, eOerelement sPaneten net in oPlaneten everpetering mode' | van  mpedoxies.
piaren wuur getalien moce opgenmen | Seweges vogen Fugosos coor extra | en voegee 5° foe

- selemer comainatie van ringen mether
water grenseioas wereidoeeid cirkels

5* eeuw v.Chr.

Leukippos &
wheen wdoerelemen- | eAles destaat
erlementen | tan: aarse, ult atomen
waes bevat een [ lueht, v, watomen #jn
deel van al het | water ondeelbaaren
ancere eleigenucnan- | oaveranderijy,
ehemelichamen | pen: warm, Lo
Netgoccelfc | koug verchien

walles bestant | vormen
utverhauding | grootte
van elementen
et de 2 eigen-
schaspen

34 Century BCE - 1%t Century AD:
the Hellenistic Scientific Revolution

3® eeuw v.Chr. 2° eeuw v.Chr. 2°-1" eeuw v.Chr.
Heracleides Ari hu: * Seleucus
e — _—
rF& Q\“ o K‘ o
Mechanisch ® Aarde draail om as Heliocentrisme = Verdedigt als enige
wereldbeeld ® Venus en Mercurius heliccentrisme
draaien om de zon

[

» Hipparchus Posidonius

. ® berekening afstand ron-aarde

- f » maakte machine die bewegingen
’ = zon, maan en planeten weergal
|

-

L oa » Apollonius van Myndos

» berekening » Deferent —epicyclus ® Precessie i b d
omtrek aarde » Excentrisch » Excentrische de aarde

* Maan-theorie theorielin

11
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[onia

Natural Philosophers

lonia, 6" century B.C.

Phase transition in human history:
the mythical world obsolete

... the Ionian coast, 6t century B.C.,
regularities and symmetries in nature
recognized as keys to the cosmos ...

Miletus

Mathematics as natural language of cosmos
=>» Physical cosmos modelled after ideal form,
encrypted in concepts of geometry

... Anaximander of Miletus: the Apeir
Pythagoras of Samos:

Plato: Platonic solids

12
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Anaximander

the First Cosmologist
(Miletus, 610-546 BCE)

Cartography of Anaximander

Anaximander

the First Cosmologist
(Miletus, 610-546 BCE)

Cosmology of Anaximander:

- Earth floats free without falling
Karl Popper:

“one of the most boldest, most
revolutionary, and most portentous ideas
in the whole history of human thinking”

13



Anaximander
founder scientific
Astronomy and Cosmology
(Miletus, 610-546 BCE)

Cosmology Anaximander
heavenly sphere is a ring of fire
invisible, surrounded by fog
Heavenly bodies part of ring, visible through
openings through fog.
ring for the Moon
ring for the Sun

Anaximander
founder scientific
Astronomy and Cosmology
(Miletus, 610-546 BCE)

Daytime in summer Nighttime in winter

Cosmology Anaximander

- Ring model could not explain all observations
Anaximander preferred symmetry & number 3
diameter Sunring = 27 x diameter Earth
diameter Moon ring = 18 x diameter Earth
diameter stellar ring = 9 x diameter Earth

11/12/2015
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Anaximander
founder scientific
Astronomy and Cosmology
(Miletus, 610-546 BCE)

“The Apeiron,
from which the elements
[are formed],
is something that is different”

The idea of Apeiron, the “infinite” or “limitless” out
of which the world emerged, is suggested to be close
to our current idea of vacuum energy

Classical Greek Cosmology

Plato & Aristoteles

15



Plato

(Athens,
428-348 BCE)

Geometry as
organizing principle
of the world

Founded Academy, Athens

Philosophy
Mathematics
Philosophical Dialogues

11/12/2015
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the Five Platonic solids

o there are only five convex regular polyhedra !
o Plato identified them with the cosmos and its constituents

e = I =
Tctral-ncclron: Octal-ncclron: Cubc: ]cosahcclron:
fire air earth water
—

T
L4

Dodecahedron €<—> Quintessence

of which the Cosmos itself is made:
“the stuff for embroidering
the constellations on the heavens”

Tctral-ncclron: Octal-ncclron:

‘FH‘C air

L ] h
+~ry1 |
tonic -Solids

y ~s
reninets wr ey D & Ly b 3 inind” grneriety Gy opi shers. fo-Lovend ebfhar s

B e b LT o T e—
e pofmet el dot s e g s A T weans o ke

L e e e P
i A Eduihand s prger e o e Al e - o 8.0 vl w
PRI o r

fpaalsr]

anusar - (]

+
o
o h

e |

for nsanf

Cube:

earth

]cosahcclron:
water

11/12/2015

18



PR SR v ) Lo sl

Untrivnss = rmtnct wne 4 1 Al 85 et s sttt
wnn e e pofived npsala dit ammsa merime i arnbs A D iame of erads *
Ak

tismnris e perreeflermnd e sle G naas y-n—\;v-r-vw
|..‘..|ﬁ Wrmanendfperm. spup aplaned v b qua pofinr £
(o et e P & Lo glebi 2 1mind granestys
P i o e g eyt e i it A bt f o
braer Sl et anlana w2l -.».:..,*......
w1—wh--—..—-4b—r«,r.lu1.4\.w—m--.a~ e

ot plapia e ornam iy (s wm.«-m.l..aa.m L i

BT SEESE VNV W R U S S S — . e L B e i m.-.-ns.d... oparnt  Egrfiar

UG PRSI R NP TSN S T T — A elindreser fin aslarbordeore - e WY o e - .

[ PPN, WSRO RS | PSP N — P S ) o N
L Sk u - st o sb b S i e b habrr O g g

i By B L gy i

nvrem e ALt globii e’ g dLorsnarmir”
EPYTISSY PEREF ARSI PN TRRET o, S R S SRR - - -

e =
Ll i 117, vy s gk AT, rvnls mbrn, qup et ) a
mafeerir it wrms - Arfimd s dday frms RO A 0 P padd
el sl gty . i st s 4% el o ks g 71 B
e ey ¥ e 8.0 Ty iy ey el o dtl e L gt Lot

ik n g Lo b gl g g, s

P e R ..-'-‘v_-lnﬂn-v-‘

J.L.J__._L.d.-n¢._-r e S e

A

n 03
Y VU S SUNE S e —"

o e
on Lo st e
s e s s

R P B g s

. Demm _ge,_dlvme craftsma n, 1s~math?wmmu "
. eUniverse const mel‘e‘dt%gordmg‘fogegmaﬁ"b?ﬁ_ j

i, e i e i i st Bl A B D e 13 P L i e v o s g s s cwlle g At

B Saleliond L
P 5 g = e - ae e
Vgt et aplarer . Fike ) . ~
i I'm..-.l.' aa...,...-—... sty ey it . $l st o e i P Ap—
Pobe e e < de b b o s AT s o ol bk B g pad Lawn s
b Soud s s s b sl Tl RS - mL.#,.q.—....__..._...-_.,.;J_q...sl

At g L L ot = Sl ot Lt st - Cormd i waer Az U4 ppovy e et gion s

) P M Ty A g ,.....i..—m-. ot g Lo

the Five Platonic solids

o there are only five convex regular polyhedra !
o Plato identified them with the cosmos and its constituents
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ire air earth water
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oA e

Dodecahedron «—> Quin’cessencc

of which the Cosmos itself is made:
“the stuff for cmbroiclcring
the constellations on the heavens”

¥ i-' 1o

vV R

Tctral-ncclron: Octal-ncclron: Cubc: ]cosahcclron:

ire air earth water

Aristoteles

(Chalcidice-Athens, 384-322 BCE)

- “Aristotle was the first genuine scientist

in history ... every scientist is in his debt”

Physics, Metaphysics,Astronomy,
Poetry, Theater, Music,

Logic, Rhetoric, Ethics,

Politics, Government,

Geology, Biology, Zoology

- Student Plato
- teacher Alexander the Great
- literary style:
“River of Gold” (Cicero)
- founded Lyceum, Athens

- Dominant influence for over 1800 years

both in Christian philosophy & theology
and in Muslim intellectual history

20
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| saw the Master there of those who
know, Amid the philosophic family,
By all admired,

and by all reverenced,;

There Plato too | saw, and Socrates,
Who stood beside him closer than
the rest.

Dante, Divina Commedia
(15t level hell)

On the Heavens

Aristotle’s cosmological work

the most influential treatise of its kind in the history
of humanity.

It was accepted for more that 18 centuries from its
inception (around 350 B.C.) until the works of
Copernicus in the early 1500s.

Key aspects of Aristotle’s Cosmology:

Earth is at the centre of the Universe

the Universe is finite

the Universe is eternal and unchanged
) the motion of the heavenly bodies are

uniform and circular

21
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On the Heavens

¢ Four causes

Aristotle suggested that the reason for anything coming
about can be attributed to four different types of
simultaneously active causal factors:

1) Material cause - the material out of which something
is composed.

2) Formal cause - its form, i.e., the arrangement of
that matt

3) Efficient cause - "the primary source”, or that
from ch the change under
consideration proceeds.

This is akin to the modern concept
of cause.

4) Final cause - its purpose, or that for the sake of
which a thing e: s done. This
covers modern ideas of motivating
causes, such as volition, need, desire,
ethics, or spiritual beliefs.

On the Heavens

* Elements - composition
4 elements (Empedokles)

1) Earth coldand dry - modern idea solid.

2) Water coldand wet - modern idea liquid

3) Air hotand wet - modern idea of a gas.
4) Fire hotanddry - modern ideas of plasma

in addition,a 5th element
5) Aether  divine substance making up the
spheres and heavenly bodies
(stars and planets)

22
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On the Heavens

Movement of bodies

- all bodies, by their very nature, have a natural way
of moving.

- Movement is not, he states, the result of the
influence of one body on another

- Some bodies naturally move in straight lines
- others naturally stay put.
- Yet another natural movement:

the circular motion.

Since to each motion there must corr
substance, there ought to be some thin,
naturally move in circles:

the heavenly bodies
(made of a more exalted and perfect substance
than all earthly objects).

On the Heavens

Aristotle’s Cosmos
Aristotle’s Cosmos made of

a central earth (which he accepted as spherical)

surrounded by

- the moon,

- the sun

- stars all moving in circles around it.

s conglomerate he called **the world".

Note the strange idea that all celestial bodies
are perfect, yet they must circle the imperfect Earth.

The initial motion of these spheres was caused by the
action of a * ' prime mover" which (who?) acts on the
outermost sphere of the fixed stars;

the motion then trickles down to the other spheres
through a dragging force.

Heavens consisted of a complex system of 55 spheres !
- could explain and predict the motions of

stars and planets
- areal scientific theory

23



On the Heavens

* Aristotle’s cosmology

« this world is unique.

« the argument goes as follows:
- earth (the substance) moves naturally to the center
- if the world is not unique there ought to be
at least two centers
- but then, how can earth know to which of
the two centers to go?
- since " "eartt bjects have no trouble deciding
how to move, there can only be one center
(the Earth) circled endlessly by
all heavenly bodies

is cosmological tenet turned out to be
completely wrong with the discovery of the
moons of Jupiter

11/12/2015
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On the Heavens

+ Existence

the world did not come into being at one time

The world has existed, unchanoed for all eternity

- it had to be tt
- the uni na Iund of teady HEEIVN

Still, since he believed that the sphere was the most
perfect of the geometrical shap:
e did have a center (the Earth)

material” part had an edge,

s 'gradual"”
- starting in the lunar and
- ending in the fixed star sphere.
Beyond the sphere of the stars the universe continued
into the spiritual realm where material things cannot be

is in direct conflict with the Biblical description
creation, and an enormous amount of effort was
spent by the medieval philosophers in trying to
reconcile these v

11/12/2015
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Hellenistic Cosmology:

the first Scientific Revolution

First
Scientific Revolutiorﬁ
Hellenistic World

L

26



Reich des Lysimachos
Reich des Ptolemaios
Reich des Seleukos

Reich von Karthago
Romisches Reich
Griechische Kolonien

|

km 500

----- Diadochen
Reich des Kassandros
Reich des Lysimachos
Reich des Ptolemaios
Reich des Seleukos

Reich von Karthago
Romisches Reich
Griechische Kolonien

11/12/2015
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Euelides
Herophilus
Aristarchus
Ctesibius

Archimedes
Eratosthenes

Apollonius
Hipparehus
Heron of Alexandria
Ptolemaeus

11/12/2015
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Euclides (~300BC) |
Herophilus (385280 BC)
Aristarchus of Samos (310-230 BC)
Ctesibius ¥(285-225/BC):
Archimedes (287:212 BC)
Eratosthenes (276-194 BC)
Apollonius of Perga (262-190 BC)
Hipparchus of Sames' (190-120 BC)
Heron of Alexandria (10-70 AD)
Ptolemaeus (83-168 AD)

11/12/2015
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Hellenistic Astronomers

Aristarchus of Samos
Aplotopyog

31090 w B

30
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Only one work of Aristarchus survives:

On the Sizes and the Distances
of the Sun and Moon

First mathematically based attempt
to measure distance Earth-Sun, thus

First attempt to measure scale Universe

Based upon geocentric view of Universe

31



Aristarchus' geometric construction used to
estimate the distance to the Sun.

Earth (E) -Sun (S)-Moon (M) triangle and
sizes are not drawn to scale.

Measure angle b:
c= 90°b EM/ES = sin(c)

Aristarchus:
b=387° real value:  b=89°0
ES =19 EM real value: ES =397 EM
Numerically, very unstable procedure, reason
for huge error. Nonetheless,

Aristarchus' estimate of size Sun:

angular diameter Sun ~
angular diameter Moon

Dist. Earth-Sun = 19 Dist. Earth-Moon

size Sun =19 x size Moon

size Sun > size Earth

11/12/2015
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Eratosthenes of Cyrene
'Epatocfevng

276 BC - 194 BC

¥ —-

B Studied in Alexandria & Athens

- Mathematician

- Astronomer b
- Geographer
- Poet

- Athlete

#1127 Chief librarian
Great Library of Alexandria

11- Friend of Archimedes

.| * Invented armillary sphere
| (240 BC)

» Calculated Earth’s Circumference

« Became blind in 194 BC,
starved himself to death

34
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Archimedes of Syracuse
Apxtmone

c. 287 — 212 BCE

Syracuse, 287-211/212'BC;

Greatest n_latiie_ﬁiatician &

scientist of antiquity (all time,?):

¥ G X

Probably studied in Alexandria,

undelr followgrs Euclides |

Killed by Roman.soldier, upon

Rotman conquestSyracuse

Fan%ily Hieron JT, King Syracuse .
| a £

lnvlfentions:

- war machineg

- water screw :

- water organ (?)

- burning mirrors (2?7)
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Cicero mentions two planetarium like machines...

- |

“For when Archlmedes fastened on a globe the
movements of moon, sun and five wandermg stars,
he, just like Plato’s. God who builtthe world in the
. “Ilmaeus made one re '_"_lutmn of‘the sphere
pontzrol several movements utterly unlike in
sl¢ wness and speed Now-ifin _thls world of ours
phenomena cannot take ace ac

Cicero, Tusculan Disputations, Book I, Section XXV
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~-Archimedes

- Pappusof §lexandria:
Archimedes wrote hoak
“OI_Q_Sphere-Making”

AT this:'-.‘Anti.kythera o
B \
- Upmpare with

A{rchimedes-Palil_npses__

{.. “On the M_eth_od" ¥
Fundamentals Cai‘tulus,_ ’
Integralealcalus...

Hipparcus
Irrapyol

c. 190 - 120 BCE
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Hipparchus
of Nicaea (190-120 BQ)

; "
nometbabl
esswn of ? j
\ o ?n;noo
ynodic, ano ahsth
r&Lun&r lip

Ses
bit of l;he*Moog;;‘/f’
cychql - g
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of Weste _const' v C
imes ~ A.D 1508 - &
ned to repre 61}0 1
*k,wori E

ors under tl

’ %cegl by;Ze‘
ey .

e weig
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Antikythera Mechanism

c. 150 BCE

National Archaeological Museum, Athens

FragmentC, FragmentA, FragmentB
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B | Fragment C

3 r""‘

/
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Interior

AMRP
X-Tek X-ray
Tomography
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image courtesy: Tony Freeth/Images First Ltd.

IJIrIL 1M .l'l_.] er

... Phosphorou ...
Venus !

... of the Cosmos ...

AMRP/Alexander Jones
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Technical Inscriptions:

“Tap”; “Gnomon”; “Perforations”; “Pointers”; “Gears”;
“Spiral divided in 235 sections...”

“small golden ball”

“small ball”

Astronomical Inscriptions:

« “CTHPII'MOZ”: stationary point planets’ retrograde motion

* “Venus approaches the Sun”

» “The Hyades set in the evening”

» “Gemini begins to rise”, ...

o “the 76 years, 19 years of the ...”

Metonic
Cycle Dial:

5 spiral
235 glyphs

Callipic Cycle
Subdial

Olympic Cycle
Subdial

Exeligmos Cycle
Subdial

Saros
Cycle Dial:

4 spiral
223 glyphs
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Astronomical Cycles

» Metonic Cycle
multiple of Tropical Year and Sy

19 tropical years;
235 synodic months

erial months
6940 days

 Callippic Cycle

more accurate multiple
Tropical Year & Synodic Month

4 Metonic cycles - 1 days;
76 tropical years;
940 synodic months

Saros Cycle
Eclip: /
multiple of

modic, Draconic and nalistic month

8 hrs /3 days)

Exeligmos Cycle

3 Saros cycles:
following Exeligmos cycle, eclipse returns
at same location Earth

669 synodic;

726 draconic

717 anomalisti

54 yrs, 34 days (19756 days)
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Mechanical Elements

evidence of

pillars, bearing and
other fittings on the

Main Drive Wheel

11/12/2015
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Mechanical Elements

g\ pierced end

shoulders

M. Wright

copper hardware models of
- Antikythera planetarium

- Archimedes Sphera
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A. Jones found all

5 planet names &
Moon and Sun

in inscriptions:
ordered like Cosmos
E y each with
Antikythera Mechanism Bl ? descriptive &
! theophoric name
may be a planetarium bt . e.g. Venus:

following the . + Phosphoros
Cosmos of Aristoteles | + star of Aphrodite

Moon
Venus
Sun
Mars

Jupiter T Freeth & Jones 2012
Saturn ; bl ISAW publ.

Claudius Ptolemaeus
KAavowl Tlrodeuatol

AD 83-168
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Claudius
Ptolemaeus
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Alexandria:

Birthplace of the
Western Mind
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Geografia: four Map Projections

X Projection 2
e

B
& \

* Projection 1
¢ Straight meridians & Straight parallels
¢ Very similar to Marinus’ map

*  Projection 2
¢ Straight meridians & Curved parallels
o Preferred method of Ptolemy’s successors
+ Constant scale in relation to Rhodes parallel
¢ 36+1 parallel meridians, each 5 degrees apart

* Projection 3

¢ Curved meridians & Straight parallels

¢ made extreme parallels more accurate
* Projection 4

¢ View of globe from distance

¢ External rings represent latitude lines
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Mathematical and Astronomical treatise proposing
the complex motions of stars and planetary paths

Written in 147 / 148 A.D.:
inscription in Canopus, by Ptolemaeus

Thirteen Books

Original in Greek:
Mathematike Syntaxis - Mathematical Treatise
He Megale Syntaxis - “The Great Treatise”

Best known by its Arab name:
Almagest - “The Great Book”

11/12/2015
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e

600 500 400 300 200

Epicyclic Theory
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Mars' orbit

“Fixed"stars

Retrograde
motion
/
i Prograde
maotion
/
/

/

Earth's orbit .

11/12/2015
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Sphere

of fixed

stars

ing the Earth away from the centers of the “perfect spheres”

E}fzntric:

\_/Ptolellly’: urther refinements, including equants
/ /
. / / :

Brooks Cole Publishing - a division of Thomson Learning

Ptolemaeus Epicycle Theory

eccentric equant
P
P
A F Q G
B C
@:
0
A

: ®

D
epicycle (basic)




Early geometric planetary models

Epicycle
Anomalistic motion

v

Deferent
Longitudinal motion

The inferior and superior planets

Period of time = Number of anomalistic periods
+ Number of longitudinal periods

11/12/2015
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Position of Mars
at 5-day intervals

®

= Simple uniform cil

h could not

Ptolemaeus Epicycle Theory

Dec. 12, 2005

Almagest

H MeyaAr Zvvraél
Mabnuatikn Zvvraéll

11/12/2015
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Syntaxis - Almagest

Ptolemy first scientist to spell out inductive method:
- models framed from preliminary facts
- expand models by logical induction
- testing hypothesis against reality

Only surviving comprehensive ancient
treatise on astronomy:
- most important source of information on
ancient Greek astronomy

Geocentric Model
Epicycle Theory

Dominated astronomy for > 13 centuries
- Roman (Byzantine, Western) world
Arab world

Syntaxis - Almagest

Geometrical models based on 800 yrs observations
(Babylonians, Hipparchus, ...)

Models presented in convenient tables

Calculations fairly accurate for prediction
solar and lunar eclipses

Almagest also contains star catalogue
- appropriated version Hipparchus’ catalogue
- 48 constellations: modern ones, not full sky
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Syntaxis - Almagest

The cosmology of the Almagest:
five main points
each subject of a chapter Book I.

The celestial realm is spherical,
and moves as a sphere.
The earth is a sphere.
The earth is at the center of the cosmos.
The earth,
in relation to the distance of the fixed stars,
has no appreciable size,
must be treated as a mathematical point
The earth does not move.

Syntaxis - Almagest

Order of planetary spheres:

Moon

Mercury

Venus

Sun

Mars

Jupiter

Saturn

Sphere fixed stars
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Syntaxis - Almagest

outline of Aristotelian cosmology:

- on the spherical form of the heavens,

- the (spherical) Earth lying motionless at centre

- the fixed stars and the various planets revolving
around the earth

- followed by explanation of chords with a set of
chord tables

- observations of the obliquity of the ecliptic

- introduction to spherical trigonometry

problems associated with the daily motion attributed

to the heavens:

- risings and settings of celestial object

- length of daylight

- determination of latitude

- points at which the Sun is vertical

- shadows of the gnomon at the equinoxes and
solstices

- other things which change with the spectator's
position. There is also

- a study of the angles made by the ecliptic with
vertical, with tables.

Syntaxis -

- length of the year, and the motion of the Sun

- explains Hipparchus' discovery of the
precession of the equinoxes

- begin explanation epicycles

.

the motion of the Moon:

- lunar parallax

- motion of the lunar apogee

- sizes and distances of the Sun and Moon relative
to Earth

solar and lunar eclipses
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Syntaxis - Almagest

« motions of the fixed stars:
- includes precession of the equinoxes
« star catalogue of 1022 stars:
- described by positions in the constellations
- magnitude scale for brightness:
+ brightness brightest stars marked of the
1* magnitude (m =1),
+ faintest 6" magnitude (m = 6),
limit human visual perception
+ each grade of magnitude considered twice the
brightness of the following grade (log. scale).
+ system believed to have originated with
Hipparchus
+ Stellar positions: Hipparchan origin
(despite Ptolemy's claim to the contrary)

Syntaxis - Almagest

- general issues associated with creating models
for the five (naked eye) planets
- motion of Mercury

motions of Venus and Mars
ons of Jupiter and Saturn

stations and retrogradations,

- occurring when planets appear to pause,
then briefly reverse their motion against the
background of the zodiac.

- Ptolemy understood these terms to apply to
Mercury and Venus as well as the outer planets

motion in latitude:
the deviation of planets from the ecliptic
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