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th
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th

 

centuries BCE 

 

(From Lloyd: Early Greek Science: Thales to Aristotle, London, 1970.) 
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Mathematics and astronomy in ancient Greece 

 

 

     (From van der Waerden: Science Awakening I, Groningen, 1961, p.82.) 
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I. Greek Calendars:  Luni-solar calendars. 

 

(A) Around the second half of the 6
th

 century BCE or so, 

“Eight-year cycle”:  There are 3 intercalary months in 8 

years.  (8 years = 2922 days,  1 year = 365.25 days,  but 

1 synodic month = 29.51515 days (inaccurate)) 

(B) 432 BCE,  Metonic cycle:  There are 7 

intercalary months in 19 years.  (19 years = 6940 days,   

1 year = 365.2632 days,  1 synodic month = 29.53191 days) 

(C) 330 BCE,  Callippic cycle:  There are 28 

intercalary months in 76 years. (76 years = 27759 days,  

1 year = 365.25 days,  1 synodic month = 29.53085 days) 

(D) The 2
nd

 century BCE,  Hipparchic cycle:  There are 112 

intercalary months in 304 years.  (Here, 304 years = 111035 days,  

1 year = 365.2467 days,  1 synodic month = 29.53059 days) 

 

(See Heath: Greek Astronomy, 1932, pp.xvi-xvii and 136-142.) 

 

 

 

The Metonic, Callippic, and Hipparchic cycles are multiples of 

Metonic cycle.  As the number of days in a cycle was considered to be 

integer, long period was necessary in order to make it accurate. 
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II. Early natural philosophers (before Socrates) 

Milesian school: 

Thales, ----- (Material cause of things --- “water”.) 

Anaximander, ----- (Material cause of things --- “boundless”.) 

Anaximenes. ----- (Material cause of things --- “air”.) 

Pythagoras, (and Pythagoreans). 

----- (Principle of all things --- “numbers”.) 

Heraclitus. ----- (Everything is subject to change.) 

               (All things are an equal exchange for “fire”.) 

  The Eleatics: 

Parmenides, ----- (Denied that change can occur at all.) 

Zeno. ----- (“Zeno’s paradoxes”) 

  Anaxagoras. ---- (In everything there is a portion of everything.) 

Empedocles. ----- (Four elements: earth, water, air and fire.) 

  Atomists:    Leucippus, 

          Democritus. 

                     ----- (The atoms and the void alone are real.). 

(For more detail, see Lloyd: Early Greek Science: Thales to Aristotle, London, 1970, and 

references listed in this book.  The most authentic collection of their fragments was made by Diels 

and Kranz, but a convenient concise reference book is Mansfield and Primavesi (2012) in Greek and 

German.  There are some Japanese translations of their fragments: Yamamoto (1958), Uchiyama 

(1996-1998), Kusakabe (2000-2001).) 
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III. The Age of Socrates, Plato, Aristotle 

     Plato (427 – 347 BCE) mentioned his cosmology in his 

Timaeus etc. 

 

     Eudoxus of Cnidus (4
th

 century BCE) 

     Eudoxus was a student and colleague of Plato. 

       Eudoxus’s theory of concentric spheres: 

 

  (From Lloyd: Early Greek Science: Thales to Aristotle, London, 1970, p.88.) 
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Aristotle (384 – 322 BCE): 
 

  Aristotle was a student of Plato.  He left several works on formal 

logic, metaphysics, natural philosophy (including cosmology etc.), 

zoology, and several branches of humanities and social sciences. 

 

Formal logic: 

 

(Aristotle (in 23 volumes) I, (Loeb Classical Library), (Greek text and English translation), 

Cambridge, Mass., Harvard University Press, and London, William Heineman Ltd, 1938.) 

  If you want to read Greek or Latin texts with English translation, the “Loeb Classical 

Library” is a convenient series. 
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(From Aristotle I, (Loeb Classical Library), 1938, pp. 208-211.) 
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Syllogism (in the Prior Analytics of Aristotle): 

  “If A is predicated of all B, and B of all C, A must 

necessarily be predicated of all C.” 

Example:  A: living thing. 

            B: animal. 

            C: horse. 

“If all animals are living things, and all horses are animals, 

all horses must necessarily be living things. 

 

 

 

Aristotelian natural philosophy 

     Geocentric cosmology.  Theory of concentric spheres. 

(A) Everything on the earth: 

Four elements (earth, water, air and fire). 

Move upwards and downwards. 

(B) Heavenly bodies: 

The fifth element “ether” (or “aether”). 

Eternal, unvarying circular movements. 
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IV. Alexandrian Age 

 (The Age of Hellenistic Science) 

From the death of Alexander the Great (323 BCE) to the 

Roman conquest of Ptolemaic Dynasty in Egypt (30 BCE). 

 

 

(From Lloyd: Greek Science after Aristotle, London, 1973, with my additions.) 

 

  Alexandria in Egypt (Ptolemaic Kingdom) was a centre of 

Greek science.  The Library and Museum were established 

in Alexandria. 
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Euclid of Alexandria (fl. around 300 BCE) 

  Euclid wrote some works on mathematics on mathematics 

and astronomy including the famous Elements. 

 

 

  Some works of Euclid: 

 

Elements, --- on axiomatic geometry. 

     ----- For its English translation, see Heath: Euclid, the thirteen books of The Elements, 3 vols, 

1956.  There are Japanese translations of the Elements also. (one translation was published in 

1971.). 

 

Data, --- on the given information in geometrical problems. 

     ----- There are some English translations.  One translation is included in Simson (1938).  

A Japanese translation by Ken Saito is included in 『エウクレイデス全集』Vol.4, 2008. 

 

Optics, --- on the geometry of vision. 

     ----- See Burton (1945).  A Japanese translation by Ken’ichi Takahashi is included in 

『エウクレイデス全集』Vol.4, 2008. 

 

Catoptrics, --- on the phenomena of reflecting light by mirrors. 

     ----- A Japanese translation by Ken’ichi Takahashi is included in 『エウクレイデス全集』

Vol.4, 2008. 

 

Phaenomena, --- on spherical astronomy. 

----- See Berggren and Thomas (1996). 

 

And some other works. 

 

  Now Japanese translation of the complete works of Euclid is being published since 2008. 
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  The Elements ----- Euclidian geometry (Axiomatic system) 
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(From Heath: Euclid The Elements, 1956, Vol.1.  The above quotation is from pp.153-155, and the 

following quotation is from pp.241-242.)  (There are Japanese translations of the Elements also.  

Now Japanese translation of the complete works of Euclid including Elements is being published.) 

 

 

“Postulates” are now usually called “Axioms”. 

The axiomatic system is now a standard system of 

the basic theories of mathematics and physics. 
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Aristarchus of Samos (ca. 310 – 230 BCE) 

     Aristarchus’ determination of the sizes and 

distances of the Sun and Moon 
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(From Heath: Greek Astronomy, 1932, pp.100 – 101.) 

(Also see Japanese translation of the work of Aristarchus by Kusayama in Tamura (1972).) 
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     Aristarchus’ heliocentric system 
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(From Heath: Greek Astronomy, 1932, pp.105 – 108.) 

  Also see Heath: Aristarchus of Samos, Oxford, The Clarendon Press, 1913, and/or Japanese 

translation of the works of Archimedes by Mita in Tamura (1972). 
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Archimedes of Syracuse (287? – 212 BCE) 

     An example from Archimedes’ The Method 
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     (From van der Waerden: Science Awakening I, 1961, pp.212 – 214.) 

  Also see Heath: The Method of Archimedes, Cambridge, 1912 and/or Japanese translation of the 

works of Archimedes by Mita in Tamura (1972). 
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  In the above discussion, some propositions in the “Quadrature of the parabola” and the “On the 

equilibrium of planes” of Archimedes are used.  Let us see the beginning of the “Quadrature of the 

parabola”. 
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(From Heath: The Works of Archimedes, Cambridge, 1897, pp.233 – 238.) 

 

  And also, some of the propositions in the “On the equilibrium of planes” of Archimedes should be 

considered, 

  Proposition 1.: Weights which balance at equal distances are equal. 

  Proposition 2.: Unequal weights at equal distances will not balance but will incline towards the 

greater weight. 

  Proposition 3.: Unequal weights will balance at unequal distances, the greater weight being at the 

lesser distance. 

  Proposition 4.: If two equal weights have not the same centre of gravity, the centre of gravity of 

both taken together is at the middle point of the line joining their centres of gravity. 

  Proposition 5.: If three equal magnitudes have their centres of gravity on a straight line at equal 

distances, the centre of gravity of the system will coincide with that of the middle magnitude. 

  Propositions 6, 7.: Two magnitudes, whether commensurable [Prop. 6] orr incommensurable [Prop. 

7], balance at distances reciprocally proportional to the magnitude. 

     ---------- 

  (For more information, see Heath: The Works of Archimedes, Cambridge, 1897, and/or Japanese 

translation by Mita in Tamura (1972).) 
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The Archimedes codex 

  A codex of Archimedes was sold at an auction in 1998, and is being studied now.  The following 

is an interesting document of this research. 

 

(Nets and Noel: The Archimedes Codex, A Phoenix Paperback, London, Orion Books Ltd., 2008.  

There is a Japanese translation of this book: リヴィエル・ネッツ/ウィリアム・ノエル（吉田監

訳）『解読！ アルキメデス写本』、光文社、2008.) 

(“Codex” ----- book-style manuscript (handwritten work).) 
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(As the above mentioned English paperback edition does not have coloured pictures, the pictures 

quoted here are quoted from its Japanese translation.) 

The above figures are: Archimedes Codex, or Palimpsest containing 

the works of Archimedes. 

(“Palimpsest” ----- the parchment (writing material made from skins 

of animals) used to make it has been scraped more than once.) 

  Only a prayer book can be seen by visible light.  The works of 

Archimedes have been scraped, and then the prayer book was written. 
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  The works of Archimedes can be seen by ultraviolet light. 

  In the above picture, a figure in Archimrdes’ “On Spirals” 

can be seen. 
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  (Right:)  Only the prayer book can be seen by visible light. 

 

  (Left:)  A combination of the images by visible light and ultraviolet 

light.  The work of Archimedes can be seen under the prayer book. 

 

 

  The above mentioned book “Nets and Noel: The Archimedes Codex, (『解読！ アル

キメデス写本』)” is well written, and is highly recommended to read, 

 

 

 



 

 

27 

Eratosthenes of Cyrene 

 (around the latter half of the 3
rd

 century BCE) 

     Eratosthenes’ determination of the size of the earth 

 

(From Gericke: Mathematik in Antike und Orient, Berlin,1984, p.149 with my notes.) 

 

Alexandria and Syene were assumed to be in the same meridian. 

At the time of summer solstice, the Sun was at the zenith of Syene. 

At the same time, the arc AS’ was one-fiftieth part of its proper circle. 

The distance AS = 5000 stades. 

 

⇒ The complete great circle of the earth = 250000 stades. 
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Apollonius of Perga 

 (aroud the latter half of the 3
rd

 century BCE) 

     Apollonius’ study of conic section 

 

(From Gericke: Mathematik in Antike und Orient, Berlin,1984, p.133 with my notes.) 

  For more detail, see Heath: Apollonius of Perga, Cambridge, Cambridge University Press, 1896. 
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     Apollonius’ planetary model 

 

 

 

  We do not know who invented the eccentric 

and epicyclic models, but the first astronomer 

who mathematically treated these models 

seems to be Apollonius (ca. end of the 3rd 

century BC).  Ptolemy wrote in his Almagest 

(XII.1) that Apollonius explained the 

retrograde motion of planets by the epicyclic 

model as well as the eccentric model which is 

mathematically equivalent to the epicyclic 

model. 
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Hipparchus of Nicaea 

  (2
nd

 century BCE) 
 

  The precession of the equinoxes: 

     Hipparchus discovered the precession of the 

equinoxes.  The equinoxes move westward along the 

ecliptic relative to the fixed stars. 

 

 

  The equation of centre of the sun and moon 

was explained by Hipparchus using the 

eccentric model as well as the epicyclic model 

which is mathematically equivalent to the 

eccentric model.  Ptolemy explained the 

method of Hipparchus in his Almagest 

(III~IV).  The model of Hipparchus is that 

the sun (or moon) revolves along an eccentric 

circle with a constant speed.  Let this model 

be called “Simple eccentric model”. 
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  According to the Almagest (III.4), the solar theory of 

Hipparchus is as follows.  Hipparchus based on the 

observational data that the period from the vernal equinox to the 

summer solstice is 94½ days, and that the period from the 

summer solstice to the autumnal equinox is 92½ days, and 

determined the eccentric distance ε and the longitude of the 

apogee Π of the eccentric circle (radius = 1).  If the length of a 

year is assumed to be 365¼ days, the period from the autumnal 

equinox to the vernal equinox becomes 178¼ days.  From these 

data, ε and Π can be determined by plane geometry.  In this 

model, the eccentric distance ε is a double of the modern 

eccentricity. 

 

  According to the Almagest (IV), Hipparchus also determined 

the orbit of the moon (with certain error) from the observational 

data of three lunar eclipses. 
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Antikythera mechanism 

 (1
st
 century BCE) 

  Some fragments of the Antikythera mechanism were discovered 

from a shipwreck (1
st
 century BCE) at Antikythera in the 

Mediterranean in 1901.  This is a kind of astronomical machine. 

 

(Marchant, Jo: Decoding the Heavens, first published in Great Britain in 2008 by William 

Heinemann; Paperback: London, Windmill Books, 2009.  Japanese translation: ジョー・マーチャ

ント（木村訳）『アンティキテラ 古代ギリシアのコンピュータ』、文藝春秋、2009) 
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A fragment of the Antikythera mechanism. 

(The above mentioned English paperback edition has coloured pictures, but I quote pictures from 

Japanese translation just for my convenience.) 
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Reconstructions of the Antikythera mechanism. 

(Right:) Derek de Solla Price. 

(Left above:) Allan Bromley. 

(Left below:) Michael Wright. 

 

 

  The above mentioned book “Marchant, Jo: Decoding the Heavens, (『アンティキテラ 

古代ギリシアのコンピュータ』)” is well written, and is recommended to read, 

 

 

 

Philosophical schools in the age of Hellenism 

  Besides Platonism and Peripateticism (Aristoterianism), there were philosophical schools in the 

age of Hellenism, such as Epicureanism, Stoicism, Pyrrhonism (Skepticism) etc. 

  Epicureans developed atomism.  Stoics had their own natural philosophy. 
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V. Greco-Roman Period 
 

Heron of Alexandria (around 60 CE) 

     Applied geometry and applied mechanics. 

     Measuring instruments and machines. 

 

 

Ptolemy of Alexandria 

 (2nd century CE) 

Ptolemy (Claudius Ptolemaeus) was a great 

astronomer, mathematician and astronomer.  He 

established Ptolemaic geocentric planetary system. 

     Ptolemy’s works: 

Almagest (a treatise of astronomy) 

  The firsts English translation is Taliaferro (1952).  A new scholarly translation is Toomer (1998).  

For its Japanese translation, see Yabuuti (1949-58). 

Geography 

See Berggren and Jones (2000), and/or Nakatsukasa (1986) (Japanese translation of the text). 

Harmonics (on musical theory) 

  See Barker: Scientific Method in Ptolemy’s ‘Harmonics’, Cambridge, (2000), and/or Yamamoto 

(2008) (Japanese translation). 

Tetrabiblos (on astrology) 

  (See Ptolemy Tetrabiblos, (Greek and English), Loeb Classical Library, 1940.) 

----- And some other works. 
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Ptolemaic geocentric planetary system 
     Further development of the theories of Apollonius, Hipparchus etc. 

     The most authentic theory of Western astronomy until Copernican theory. 

 

 

Equant model: 

Ptolemy created the “equant” model for the deferent of the 

planetary orbits.  In this model, the distance of the deferent (eccentric 

orbit) is almost the same as the actual elliptic orbit, and the apparent 

diameter of its epicycle is harmonious with the actually observed 

elongation of the planets from the supposed centre of the epicycle.  In 

order to make the revolution of the centre of the epicycle correspond to 

the actual inequality, which corresponds to the equation of center of 

the Keplerian motion, the centre of the epicycle revolves at a constant 

angular velocity around the “equant” (E in Fig.(C)).  It is seen that 

this “equant” model gives a quite good result.  Solar orbit of 

Ptolemywas the same as the simple eccentric model of Hipparchus. 
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  Ptolemy also developed the theory of lunar motion. 

 

  Firstly, the “equation of centre” is explained by an epicyclic model, obtained from three 

observations of lunar eclipses, as follows.  This method is originated from Hipparchus’ method. 

 

 

  Ptolemy further considered the “evection”, and made a model of lunar motion as follows.  This is 

a good model for lunar longitude, but quite inaccurate regarding the distance to the moon. 

 

 

  For detailed mathematical discussion, see Ôhashi, Yukio: “Mathematical structure of the eccentric 

and epicyclic models in ancient Greece and India”, in Yadav and Singh (eds.): History of the 

Mathematical Sciences II, Cambridge, Cambridge Scientific Publishers, 2011, pp.83 – 102. 



 

 

38 

A map based on the Geography of Ptolemy. 

 

(From Berggren, J. Lennart and Alexander Jones: Ptolemy’s Geography, An Annotated Translation of 

the Theoretical Chapters, Princeton, Princeton University Press, 2000.  For the maps based on 

Ptolemy’s Geography, also see 『プトレマイオス世界図』、岩波書店、1978.) 

 

 

 

  The geocentric system of Ptolemy was the most precise mathematical 

astronomy even after the system of Copernicus.  Copernicus used the 

data of Ptolemy, and the accuracy of the theory of Copernicus was 

almost the same as the accuracy of the theory of Ptolemy.  More 

precise theories were created by the assistants of Tycho Brahe ----- 

Longomontanus and Kepler! 
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Diophantus of Alexandria (around 250 CE ?) 

     Diophantus discussed algebraic problems in his 

Arithmetica. 

  (For detail, see Heath: Diophantus of Alexandria, Cambridge, 1885.) 

 

 

 

Pappus of Alexandria (fl. 320 CE) 

   Pappus composed a handbook of Greek geometry. 

 

 

 

Theon of Alexandria and his daughter 

Hypatia (d. 418 CE) 

     Hypatia was a mathematician, astronomer, Neoplatonist.  

She was assassinated by mob of Christians in 418 CE.  This 

is the end of the tradition of Greek mathematics and 

astronomy in Alexandria. 

  (For more detail, see Dzielska, Maria (Translated by F. Lyra): Hypatia of Alexandria, Cambridge, 

Mass., Harvard University Press, 1995.) 
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------------------------------------------------------------------------------------------------------------------------ 

Roman science and technology 

Julian Calendar 

     ----- Julius Caesar (100 – 44 BCE) established in 45 BCE. 

       1 year = 365¼ days. 

     Egyptian solar calendar was utilized. 

     One intercalary day is inserted in every 4 years, 

(regularly inserted since 8 CE (at the time of Emperor 

Augustus)). 

 

  (For the history of Western calendar, see Duncan: Calendar, New York, 1998.) 

 

 

 

Roman technology 

  Vitruvius (1
st
 century BCE) ----- On Architecture. 

        The earliest treatise on architecture and related technology. 

   Mathematics and astronomy were also utilized in architecture. 

(For its English translation, see Vitruvius: The Ten Books on Architecture, (tr. by Morgan), (Latin 

text and English translation), Cambridge, 1914, or Vitruvius on Architecture, 2 vols, (Loeb Classical 

Library), (Latin text and English translation), Cambridge, Mass., Harvard University Press, and 

London, William Heineman Ltd, 1931-1934 (See below.).  For its Japanese translation, see Morita 

(1979).) 
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(The beginning of Vitruvius’ On Architecture (Loeb Classical Library), Vol.1. 

 

 

  And also, water supply was highly developed in Roman Empire. 

(See Frontinus, (ed. and tr. by Herschel), The Two books on the Water Supply of the City of Rome, 

Boston, Dana Estes and Company, 1899, and/or Frontinus, (Loeb Classical Library), 1925, and/or 

Imai (1987) (in Japanese).) 
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