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Euelides
Herophilus
Aristarchus
Ctesibius

Archimedes
Eratosthenes

Apollonius
Hipparehus
Heron of Alexandria
Ptolemaeus
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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)
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Hellenistic Astronomers

Aristarchus of Samos
Aplotopyog
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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




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
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Aristarchus:
Heliocentric Universe

You King Gelon are aware the ‘universe' is the name given by most
astronomers to the sphere the center of which is the center of the
Earth, while its radius is equal to the straight line between the
center of the Sun and the center of the Earth. This is the common
account as you have heard from astronomers.

But Aristarchus has brought out a book consisting of certain
hypotheses, wherein itappears, as a consequence of the
assumptions made, that the universe is many times greater than
the 'universe' just mentioned..

His hypotheses are that the fixed and the Sun remain
sunmoved, that

the Earth revolves about the'Sun

on the circumference of a circle, the Sun lying in the middle of the
orbit, and that the sphere of fixe ssituatedabout the same
center as the Sun, is so great that the circle in which he supposes
the Earth to revolve bears such a proportion to the distance of the
fixed stars as the center of the'sphere bears to its surface.

Aristarchus:
Heliocentric Universe

Aristarchus’ idea of Heliocentric Universe
encountered sceptical, even hostile, reactions:

 Could not explain the absence of
parallax of fixed stars
(or they should be very, very far away ...)
« Impiety ... (even for those “rational” Greeks ...)

_“Cleanthes thought it was utyof'the Greeks to

Findict Aristarchus of Samos on the charge of impiety
for putting in motion the Hearth of the universe [i.e.
the earth], ... supposing the heaven to remain at rest
and the earth to revolve in an oblique citcle, while it
rotates, at the same time, about its-own axis”
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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
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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

13



08/12/2016

Hipparchus
of Nicaea (190-120 BQ)
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Claudius Ptolemaeus
KAavowol Tlrodeuarol

AD 83-168
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Claudius
Ptolemaeus

Claudius
Ptolemaeus
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Alexandria:
Birthplace of the
Western Mind
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Geografia:

four Map Projections

Projection 1

¢ Straight meridians & Straight parallels

¢ Very similar to Marinus’ map
Projection 2

¢ Straight meridians & Curved parallels

» 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

: %Kf@mm 2 B
AN

3 w0000 oo Stade
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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”
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Epicyclic Theory

29
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“Fixed"stars

Retrograde

Prograde
maotion
/

2

»
2

Earth's orbit .

1
Mars' orbit 1

Sphere
of fixed
stars

\_/Ptolemy: urther refinements, including equants
'
/ /

/

7 /

Brooks Cole Publishing - a division of Thomson Learning /
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Ptolemaeus Epicycle Theory

eccentric equant

I

p!
-

D
epicycle (basic)

Early geometric planetary models

Epicycle
Anomalistic motion

v

Deferent
Longitudinal motion
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The inferior and superior planets

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

=
Jan. 29, 2008

3 Position of Mars

m at 5-day intervals

L _Dec. 12,2005 |

-

Simple uniform circular motion centered on
Earth could not explain retrograde motion,
so ancient astronomers combined uniformly
rotating circles much like gears in a machine to
try to reproduce the motfion of the planets
e ® o

4
T~ Retrograde mofion
occurs hera

e + o
Earth Equant

Ptolemaeus Epicycle Theory
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Almagest

H MeyaAr Zvvraél
Mabnuatikn Xvvraél

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
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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

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.
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Almagest

Order of planetary spheres:

Moon

Mercury

Venus

Sun

Mars

Jupiter

Saturn

Sphere fixed stars

Syntaxis

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.
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Syntaxis - Almagest

.
- 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

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)

08/12/2016
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Syntaxis - Almagest

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

motions of Venus and Mars
motions 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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