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The Beginnings of sidereal astronomy



No experimentalscience ispossiblewithout change(but
taxonomy).

Objectsoutsidethe solarsystem are characterizedby morphology, position and 
luminosity.  If no changesare detected, sidereal(extragalactic) astronomyisnot
onlyimpossiblebut evenmethodologicallyǳƴŦŜŀǎƛōƭŜΧ

ÅMorphology(recognitionof extendedvs point source) requiresgoodoptical
systems

ÅChangesin position take placeon a verylong time scale 

ÅChangesin luminosity requirefirst anobjectivemeasureof their flux and then a 

systematicrecordingfor future comparison

Settingthe stage

9ȄŀƳǇƭŜǎΥ ƭŀǿ ƻŦ ƳƻǘƛƻƴǎΣ ŎƘŜƳƛŎŀƭ ǊŜŀŎǘƛƻƴǎΣ ŜǾƻƭǳǘƛƻƴΧ ŜǘŎ



Parallax I

12600 km

Earth centered universe
Ptolemy

Best accuracy of absolute positions from naked 
eye observations: ca.  1 arcmin

Hence if no parallax is detected 
D (minimum value) ca. xxxxx

Stars cannot be like the SUN !!!!
D



Parallax II

300.000.000 km

Sun centered universe
Koppernick

Best accuracy of absolute positions 
from naked eye observations: ca.  1 
arcmin

Hence if no parallax is detected 
D (minimum value) ca. xxxxx

Stars can be like the 
SUN !!!!



Parallax III

Optical pairs of stars (aligned by 
perspective but actually at very 
different distances from the observer 
have quite different parallaxes

DŀƭƛƭŜƻΩǎ aŜǘƘƻŘ

300.000.000 km



No need for absolute positions if 

<<

then relative measurements are 
good enough



Parallax II



Parallax II



Aristarcus (Samo 310 -220 a.C. )

Measures the distance of the Sun Aristarcus finds :

3

19TS TLD D

True value :

3

18

400TS TLD D
Is the first one to believe that the Earth
rotates around the Sun . 

He explains the lack of stellar parallaxes
as due to the huge distances of the stars

Few followers among which Seleuco of
Seleucia (II century B.C.) 

Sun
Moon

Earth



Sub-lunarworld:  imperfectand 
boundto end. Ruledby time

Super lunar
world: perfect, 
aethernal, no 
changes

Tolomeo

No sidereal
astronomyis
possible



Starsare just catalogued

In 129 B.C.Hipparcusmakesa catalogueof 850 
starsvisibleby nakedeysand classifiesthem in a 
άƳŀƎƴƛǘǳŘƻ όstrenghtύέ ǎȅǎǘŜƳ from the brightest
(magnitudo 1) to the faintest, (magnitudo 6)

Ptolemy

In 129 B.C.



Claudio Tolomeo  (120? -165? d.C.)

Megale mathematike syntaxis 

Megiste syntaxis        al -magisti      Almagesto

Modelli geometrici e tavole per 
calcolare i moti dei pianeti, del Sole e 
della Luna

Ordina i pianeti in base ad un criterio 
di distanza ! 
Stelle fisse a 19.895 raggi terrestri

Ci¸ implica lôimpenetrabilit¨ delle sfere 
celesti

Catalogo stellare 

Scrive molti altri lavori

Kanones Procheiroi  (Tavole pratiche)

Hypotheseis ton planomenon 
(Ipotesi sui Pianeti)

Tetrabiblos (astrologia)



Ipparco (Nicea II secolo a.C.)

Sappiamo del suo lavoro dallôopera di 
Tolomeo

Osservazioni di posizioni planetari e primo 
catalogo stellare (sospetta che una stella 
possa essersi mossa!!)

Riscopre la Precessione degli equinozi

Eô il primo a mostrare che, combinando 
osservazioni babilonesi e modelli 
geometrici greci, era possibile ottenere 
previsioni accurate dei moti del Sole e della 
Luna. 

Introduce in Grecia lôuso del sistema 
sessagesimale e, per effettuare i suoi conti, 
sviluppa la TRIGONOMETRIA

Modello di Ipparco per il 
moto solare 



V-VI secolo

IX secolo

ά¢La9 [Lb9έ ŘŜƭƭΩ L{[!a

570 ςnascita di Maometto 

611 ςMaometto riceve il Corano

630 ςConquista della Mecca

632 ςmorte di Maometto

Dal 661 ς9ǎǇŀƴǎƛƻƴŜ ŘŜƭƭΩLǎƭŀƳ

661-750 Dinastia Umayyad 

762 ςfondazione di Bagdad

750-1258 Dinastia degli Abbasidi

909-1171 Dinastia Fatimide in Egitto

1095-1270 Crociate cristiane

CƛƴŜ ŘŜƭ Ψнлл ŜǎǇǳƭǎƛƻƴŜ ŘŜƭƭΩLǎƭŀƳ 
ŘŀƭƭΩ9ǳǊƻǇŀ



vǳŀƭŜ ŝ ǎǘŀǘƻ ƛƭ Ǌǳƻƭƻ ƎƛƻŎŀǘƻ ŘŀƭƭΩLǎƭŀƳΚ

Un ruolo di preservazione

Ricerca originale

Creazione di nuovi e più accurati strumenti

aŀ ŀƴŎƘŜ Ƴƻƭǘƻ Řƛ ǇƛǴΧΦΦ



Cosa sapevano

ωAstronomia greca e babilonese

ωMoti apparenti del Sole della Luna e dei 
pianeti

ωFasi lunari e mese lunare 

ωNecessità di adeguare il calendario 
lunare a quello solare

ωPrecessione degli equinozi

Cosa usavano

ωMeridiane, gnomoni, ecc.

ωQuadranti solari e stellari

ωOrologi ad acqua e clessidre



IV Secolo ς{ŀƴǘΩ9ŦǊŜƳƻ ŦƻƴŘŀ ƭŀ ǎŎǳƻƭŀ Řƛ 9ŘŜǎǎŀ

Traduzione in Siriaco dei manoscritti di Tolomeo e Galeno

489 chiusura e trasferimento a Giundishapur

786 ςCaliffato di Harun al Rashid 

IX secolo -!ƭ aŀΩƳǳƴ ŦƻƴŘŀ ƛƭ .ŀƛǘ ŀƭ-kihmah (Casa della Sapienza)

Direzione di Hunain Ibn Ishaq al Badi (808-873) cristiano 

/ƛǊŎŀ млΦллл ƳŀƴƻǎŎǊƛǘǘƛ ƎǊŜŎƛ ǎƻƴƻ ǘǊŀŘƻǘǘƛ ƛƴ ŀǊŀōƻΣ Χ ǇƻŎƘƛ ǉǳŜƭƭƛ 
astronomici 



Calendario lunare

Maometto si pronuncia contro i mesi intercalari (11 giorni in 
meno). Necessità di definire un calendario (Es. Ramadan)

Il mese comincia al novilunio (necessità di osservatori)

ωCittà diverse potevano iniziare il mese in giorni diversi

ωRegola empirica dei 48 minuti

ωProblema ancora non completamente risolto

Tempi della preghiera

(tramonto, calare della notte, alba, mezzogiorno e pomeriggio

(3, 6, 9 ora, ore di lunghezza variabile)



Al ςKhwaritzmi ςIX secolo
Patronato di Al Mamun
Hisab al-jabr w'al-muqabala

... what is easiest and most useful in arithmetic, such as 
men constantly require in cases of inheritance, legacies, 
partition, lawsuits, and trade, and in all their dealings 
with one another, or where the measuring of lands, the 
digging of canals, geometrical computations, and other 
objects of various sorts and kinds are concerned.

al-jabrǎƛƎƴƛŦƛŎŀ άŎƻƳǇƭŜǘŀƳŜƴǘƻέed è il processo di 
ǊƛƳǳƻǾŜǊŜ ƛ ǘŜǊƳƛƴƛ ƴŜƎŀǘƛǾƛ Řŀ ǳƴΩŜǉǳŀȊƛƻƴŜΥ 
x2 = 40 x - 4 x2 5 x2 = 40 x. 

Introduce i numeri indiani 

Sindhind zij
tratta dei calendari (posizioni pianeti, 
eclissi, etc.)



Al ςBattani (850 ς929)
Albategno

ω(Abu Abdallah Mohammad ibn Jabir ibn Sinan al-Raqqi al-Harrani 
al-Sabi al-Battani) 

ωLa famiglia è della setta dei Sabianidi (adoratori delle stelle) ma lui 
è musulmano.

ωIl padre era un costruttore di strumenti 

ωKitab al Zij (De Motu Stellarum): summa rerum astronomica, 
commentario al Tetrabiblos

ωCŀ ǳǎƻ Řƛ ŦƻǊƳǳƭŜ ǘǊƛƎƻƴƻƳŜǘǊƛŎƘŜ Ŝ ƴŜ ŘŜǊƛǾŀ Řƛ ƴǳƻǾŜΧ

ωSi dichiara apertamente scettico sui risultati di Tolomeo 
ό9ǎΦ ƛƴǾŀǊƛŀƴȊŀ ŘŜƭƭΩƻōƭƛǉǳƛǘŁ ŘŜƭƭΩŜŎƭƛǘǘƛŎŀύ ŜŘ ŝ ŦƻƴǘŜ Řƛ ƛǎǇƛǊŀȊƛƻƴŜ 

ǇŜǊ YŜǇƭŜǊƻΣ .ǊŀƘŜΣ /ƻǇŜǊƴƛŎƻΧ

Nobody is known in Islam who reached similar perfection in observing the stars 
and scrutinising their motions. Apart from this, he took great interest in 
astrology, which led him to write on this subject too: of his compositions in this 
field I mention his commentary on Tetrabiblos



912 Al ςSufi

Prima rappresentazione di una 
galassia



N. Kopernik(1472-1543) 
1543 - De RevolutionibusOrbiumCoelestium

Boostsup the sizeof the siderealuniverse

If the Earthismovingaroundthe SunǘƘŜ άƴƻƴ 
ŘŜǘŜŎǘƛƻƴέ of stellar parallaximpliesthat starsare 
thousandstimesmore distant thenpreviously
believed

Thomas Digges(1546-1595) 

1576  - A PerfitDescription of the CaelestiallOrbesaccording to the most aunciente
doctrine of the Pythagoreans, latelyerevived by Copernicus and by Geometrical 
Demonstrations approved.

Starsare muchmore distant and THEREFORE 
can be objectssimilar to the sun!!!



The birth of siderealastronomyrequiredsignificant
technologicaladvancesin:

ÅAssumptions: starsmaychange, hencethey are 
non aethernaland not perfect

ÅTelescopeopticsand measuringmethods

ÅRecordingof accurate observations



Assumptions: perfectionof the fixed starssphere

TychoBrahe(1546-1601) 

The TychoSN remnant

November11, 1572

A newstarsappearsin Cassiopeia

Braheprovesthat it isbeyondSaturnΧ 
hencethe perfectsphereof fixed starscan 
changeΧΦ

Balestriglia



Luminositychanges: i.e. variability

1638 ςDavid Fabriciusdiscoversvariabilityof Mira Ceti

1667 ςIsmaelBullialdusfindsthat there isperiodicity(334)

1600 ςGuglielmusJansonius, variablestarsin Cygnus

1607 ςMolinari discoversthat Algolis variable, ŜǘŎΧ

First ǘƘŜƻǊƛŜǎΧ

- Novaeof 1572 and 1604 due to the impact of cometson sun-like
stars

- Periodicityinducedby rotation (spotsor flattened disks, etc.)

- etc.



Joseph Stepling, SJ (1716 - 1778)  
Klementinum, Praga                       
Mathematicsroom

Assumptions: pluralism



Morphology (point like objectsvs extendedones)

Al Sufi- 912

Simon Marius
(1573-1624)  pupil of Braheand 
Kepler

Galilei



SidereusNuncius
Venice1609 

ΧΦ Explainsthe Milky Way 
asa superposition of faint
distantstarsΧ

Dialogo sopra i due Massimi Sistemi del Mondo
Florence1632

Χ proposesto measurethe distanceof
stars throughthe doublestarsmethod

Galileo Telescope
FlorenceςMuseo della Scienza



Robert Hooke(1635-1703)

1669 - Buildsa Zenitaltelescopeto measurethe 
parallaxof just onestar: Draconis, findingthe 
unrealisticvalueof 27 arcsec

John Flamsteed(1635-1703)

1698 ςrepeatsthe experimentfor the Polaris, with
similarresults

James Bradley (1693-1762)
1729 ςexplainsit asthe combination
of the orbital motion of the Earth
and the finite speedof the light 
(discoverslight aberration)



Isaac Newton

In 1692 Newton explainshiscosmologyto
Richard Bentley, Master of the Trinity College, 
Cambridge. 

άLǘ ǎŜŜƳǎ ǘƻ ƳŜ ǘƘŀǘΣ ƛŦ ǘƘŜ ƳŀǘǘŜǊ ƻŦ ƻǳǊ ǎǳƴ ŀƴŘ 
planets, and all the matter of the universe, were evenly 
scattered through all the heavens, and every particle had 
an innate gravity towards all the rest, and the whole 
space throughout which this matter was scattered, was 
finite, the matter on the outside of this would by its 
gravity tend towards all the matter on the inside, and by 
consequence fall down into the middle of the whole 
space, and there compose one great spherical mass. But, 
if the matter were evenly disposed throughout an infinite 
space, it could never convene into one mass, but some of 
it would convene into one mass and some into another, 
so as to make an infinite number of great masses, 
scattered great distances from one to another 
throughout all that infinite space. And thus might the sun 
and fixed stars be formed, supposing the matter were of 
a lucid natureΦέ

I. Newton



James Gregory (1638-1675)

1668 proposesa photometricmethodto measurethe 
distancesof starsbasedon the assumptionthat they
are similarto the Sun. Luminositycomparisonwith an
intermediate comparisonwith Jupiter

Siriusturnedout to beat 83,000 timesthe distanceof
the Suneventhougha secondestimate by I. Newton 
increasedthis valueto ca. 1,000,000 

Christian Huyghens(1629-1695)

1698 (postumous) proposesa methodbasedon the 
comparisonof the imagesof a star and that of the Sun
obtainedthroughmuchsmallerpin ƘƻƭŜǎΧ

Introducesthe belief that the magnitudescale isdirectly
relatedto the ŘƛǎǘŀƴŎŜΧ.

Possibilityto build a 3-D mapof the Universebasedon 
relative distancesΧ



John Michell (1724-1793)

In 1767 publishesAn Inquiry into the Probable Parallax and 
Magnitude of the Fixed Stars, Phil. Trans.
Which sets the foundations of stellar statistics and by using 
probabilities shows that beyond any doubt most double or 
multiple pairs are physical entities

Es. Pleiades

P = 1/50,000

Tobea casual alignmentalong
the line of sightof otherwise
unrelatedstars



Thomas Wright (1711-1786)

Selfthoughtadventurer-gentlemandrivenby
theologicalrather than scientificmotivations
In 1750 publishes An original theory or new 
hypothesis of the Universe


