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A

HISTORICAL SURVEY OF THE ASTRONOMY
OF THE ANCIENTS.

Cuarrer T.

PRIMITIVE ASTRONOMY OF THE GREEKS AND
ROMANS.

§1 'IlHE history of sciences has in general been written

with a scientific purpose, and with a view of throwing
light upon the special science of which the origin and progress
are described. In such a work as Dr. Whewell’s History of
the Induective Sciences, the historical form is subsidiary to the
scientific end : it is a book intended for the use and instruction
of the professors of the several sciences which it successively
passes in review. In like manner, Delambre’s elaborate his-
tories of Ancient, Medizeval, and Modern Astronomy,(') are
works, composed by an astronomer, principally for the use of
astronomers. No one can master them who 1s not versed in
the modern mathematical astronomy.

But astronomy has this peculiarity, that it 1s conversant
with subjects which from the earliest ages have attracted the
daily attention of mankind, and which gave birth to observa-
tion and speculation before they were treated by strietly scien-
tific methods. Chronology, moreover, without which political
history cannot exist, is dependent upon astronomical deter-
minations. The year and the month are measured by the

(1) A just character of Delambre’s History of Ancient Astronomy is
given by }t[urtin. Etudes sur le Timée de Platon, tom. ii. p. 424. M,
Martin remarks that the work of Delambre must be considered rather as
materials for the history of ancient astronomy, than as a history itself,
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2 PRIMITIVE ASTRONOMY OF [C HAP. 1.

motions of the sun and moon ; and in order to secure the accu-
racy of the necessary measurements, the assistance of the
astronomer must be obtained. The history of astronomy has
numerous points of contact with the general history of man-
kind ; and it concerns questions which interest a wider class
than professed astronomers, for whose benefit the existing his-
tories have been mainly composed. This remark applies with
especial force to the early periods of astronomical observation
and science, and to the ages anterior to the formation of a
calendar recognised by all civilized nations. It has, in con-
sequence, appeared to the author of the following work that
an attempt might advantageously be made to treat the history
of ancient astronomy, without exclusive reference to physical
science, and without any pretension on his part to that pro-
found and comprehensive knowledge of modern mathematical
astronomy which some of his predecessors in the treatment of
this subject have possessed. The works by English authors on
the history of ancient astronomy are little known, and are not
sufficient to meet the existing demands of historical criti-
cism.(*)

§ 2 Asthe accounts of the Greek astronomy, though often
meagre and fragmentary, afford in general a firm footing to the
historian, and enable him to fix with eonfidence all the prineipal
stages in its progress, it will be desirable to begin with this
branch of the subject, and afterwards to attempt to determine
how far the Greeks derived their astronomical knowledge from
foreign nations, and were learners, instead, as was their eustom,
of being teachers.

(2) The two principal works are—1. The History of Astronomy, with
its application to Geography, History, and Chronology, by the Rev.
George Costard, 1 vol. 4to. London, 1767.—2. An Historical Account of
the Origin and Progress of Astronomy, by John Narrien, 1 vol. 8vo.
London, 1833, There is a life of Mr. Costard in Chalmers’ Biographical
Dictionary. He contributed some papers on questions of ancient astro-
nomy to the Philosophical Transactions. Mr. g-'an'ticn was mathematical
teacher at the Military College of Sandhurst. His work betrays an imper-
fect knowledge of the classical languages, of which some examples are
given in Notes and Queries, 2nd ser. vol xi1. p. 426,



sECT. 2.] THE GREEKS AND ROMANS. 3

The original idea of the earth, as we find it in the Homeric
poems, and as it still eontinued to be entertained, after a lapse
of five centuries, in the time of Herodotus, was that it was a
circular plane, surmounted (*) and bounded by the heaven, which
was a solid vault, or hemisphere, with its concavity turned
downwards. (*)

That the earth was a plane, appeared to result from the
evidence of the senses. The belief that this plane was circular,
seems to have had its origin in two causes.

First, the fact, that whether the spectator is on a high
eminence, or in a large plain, or at sea, the horizon appears
everywhere equidistant from the eye, naturally led, in the
infancy of geographical knowledge, to a rude induction that the
entire earth was ecircular. When geographers began to con-
struct maps, by adding the form and size of one country to
another, they arrived at a different conception of the figure of
the earth. Hence Herodotus, who attempted to solve this pro-
blem by personal observation and inquiry during his travels,
and by subsequent reflection upon the information which he
had thus obtained, ridicules the idea of the circularity of the
earth, and treats it as childish. “Many even now (he says)
commit the ludicrous and ignorant error of drawing a map of
the earth, in which it is represented of a eircular form, as if its
outline were traced with a compass, and the ocean is made to
flow round it.’(*) The ancients (says Agathemerus, in his

S

(3) Paia 0 Tor wpwrov piv tysivaro isov {avry
Qipaviy agrepievtl, tva poy wepi wavra kalivwro.
Hesiod, Theog. 126.7.

(4) Bee Vilcker's Homerische Geographie, pp. 97-101, and the autho-
rities ecited by him. Homer calls the heaven yalrioc, modiyahxog, and
aubfpeoc, I v. 504 ; xvil. 425 ; Od. iii. 2, xv. 328, xvii. 565, which epithets
must express its solidity, though Voleker, p. 5, refers them to its im-
perishableness.  Even Empedocles considered the heaven as solid :
"Epwedoxije arepipyvior slvar rov odpaviy, Stob. Eel. Phys. 1. 23.

(5) yeha G dpewr yis meprotiovs ypayrarras wolhets 8y, kal obdéva rdov
Exovras éfpynodpevor” ol dreavoy Te peovra ypathover wépif Ty YR dotoar ku-
kMoTepea ws amd Taprov, iv. 36. A rdpros was probably a string fastened to
a pin or peg, with which either a circle or a straight line could be drawn on
a flat surface. It is used in the latter sense by Theognis, v. 803. Eurip.
Bacch. 1066, describes a tree bent down to the ground by foree as follows:

B2



4 PRIMITIVE ASTRONOMY OF [cuar. 1.

treatise on geography,) represented the earth with a ecircular
figure: they placed Greece in its centre, and made Delphi the
central point of Greece.(®) The omphalos, or navel-stone,
which marked Delphi as the centre of Greece and of the earth,

£
i

existed in the Delphian temple during the historical period.()
It was illustrated by an etiological legend, that Jupiter sent
out two eagles, one from the east, the other from the west,
and that they met at this spot: thus determining it as the
centre of the earth. (%)

Geminus, a scientific Greek writer upon astronomy, thus de-
scribes the ancient ideas on the subject. ¢ Homer (he says)
and nearly all the ancient poets conceive the earth to be a plane ;
they likewise suppose the ocean to encircle it, as a horizon;
and the stars to rise from and set in the ocean. Hence they

xukdotro 8 deore Tdfor, §i xupris Tpoyds
Tipre ypaiperos mepihopar €Axet Spoucy.

Tépros, in Plat. Phil. § 116, is used for an instrument by which
geometrical figures are described, both plane and solid. 1Ib. § 131, it is
placed in company with the 8wSyrgs and other instruments used in the
work of a carpenter. Hesych. Tdpros, épyuleior rextomxir ¢ ra orpoyyila
oynpara meprypaperar. A sphere 18 described as fashioned by a rdpros in
Pseud-Aristot. de Mundo, e. 2. Theodorus of Samos was the mythical
inventor of the tornus. ¢ Normam et libellam et tornum et clavem Theo-
dorus Samius;’ Plin. vii. 57. ZLibella i3 an instrument for levelling ;
norma 18 a square. A compass used by a geometer is called by Aristo-
phanes, Nub. 178, 8ta8grge. Compare Schol. ad loe. In Latin it is called
cireinuz, See Dr, Smith’s Dhet. of Ant. in v., where there is an engraving
of a compass from an ancient tomb.

Herodotus points out the error as to the size and limits of Europe,
Asia, and Africa in the maps of his day, iv. 42. He states that the
houndaries of Kurope to the west and north were unknown, iv. 45, 1ii. 115,
v. 9. The extent of his geographical knowledge was considerable ; see
Rawlinson's Herodofus, vol. i. p. 116.

Anaximander is said to have made the first map, and to have been
followed by Hecatmus., Agathemer. i. 1; Strab. i. 1, §11; Ukert, Geogr.
der Gr. und Rim., 1, 2, p. 169. Aristagoras of Miletus exhibited at
Sparta in 500 E.c., a brazen plate, on which was designed a map of the
entire earth.—IHerod. v. 49. This event was only sixteen years before
the birth of Herodotus.

(6) i. 1. His exact date iz unknown, but he is subsequent to Ptolemy,
and he is placed at the beginning of the 3rd century after Christ.

(7) Msch. Choéph. 1036; Eum. 40; Soph. (Ed. T. 480-898; Eurip.
Ton. 461; Orest. 331-591 ; Phoen. 237 ; Plat. Rep. iv. § 5, p. 427 ; Livy,
xxxviii, 48; Cie. de Div. ii. 56 ; Ovid, Met. x. 167, xv. 630,

(8) Pindar, Pyth. iv. 131, vi. 3; Strab. ix. 3, § 6; Paus. x. 16, § 2.

Homer makes the island of Ogygia the seat of the dugaiis Sardoanys,
Od. i. 50.




SECT. 2.] THE GREEES AND ROMANS, 5

believed the Athiopians, who dwelt in the remote east and
west, to be scorched by the vicinity of the sun. This belief is
consistent with the ancient conception of the world, but is
irreconcilable with its real spherical form.’(?)

Even in the time of Aristotle, a century later than Hero-
dotus, (1) the error in question was not eradicated; for this
philosopher, in his Meteorologics, speaks of geographers still
constructing maps in which the inhabited world was repre-
sented as cireular in form. He deeclares this notion to be incon-
sistent both with reason and with observation. The measures
obtained by navigation and by land journeys, show (he says)
that the distance from the Pillars of Hercules to India, com-
pared with the distance from /Ethiopia to the Lake Maiotis
and Scythia, is more than 5 to 3.(1)

The other cause of the belief in the cireularity of the earth
was the apparent shape of the heaven, which seemed like a
solid cupola, the hemispherical outline of which defined the
extremity of the earth in every direction. The sun, the moon,
and the stars appeared to move upon, or with, the inner sur-
face of this hemisphere ; and hence, as the ocean was supposed
to flow in a stream round the outer margin of the earth, the
heavenly bodies were believed to emerge from ocean at their
rising, and to sink into it at their setting.(*)

(9) Elem. Astr. . 13.

(10) The birth of Aristotle is exactly a hundred years after the birth of
Herodotus : the latter was born in 484, the former in 384 B.c.

(11) &b kai yehoiwe ypagovar ¥iy Tdc n'{-p.n’u"'m:-!: Tijc yic" }«'pd:ﬁmmn yan
kvedoreoij v oicovpivny. Meteor. ii. 5, § 13. Compare 1. 9. The doctrine
of Eratosthenes, that the entire earth 18 epapesdijc, ody ag ik réprov 8,
ap. Strab. i. 3, § 3, alludes to the words of Herodotus, but has a diflerent
miz:aninj_-;i Eratosthenes considered the earth as a sphere, not as a circular
plane,

(12) See Vileker, ib. pr. 93-97, where the Homeric conception of the
ocean-stream is copiously illustrated. Homer places the sea within the
shield of Achilles, but makes the circumfluous ocean run along the out-
ward rim, Il xviii. 483, 607. Hesiod assigns to it the same position,
Seut. Here. 314, The ocean surrounds the earth, Msch. Prom. 141.
Herodotus rejects the idea of an ocean-siream flowing round the earth,

and he attributes the invention of it to Homer or to some other early
poet, 1. 21, 23, iv. 36.
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Thus Homer deseribes the sun as rising out of ocean, and
ascending the heaven ;(**) again, as plunging into ocean, passing
under the earth, and producing darkness. (") He likewise speaks
of the stars as bathed in the waters of the ocean;(!*) and he
distinguishes the Great Bear as the only constellation which
never sinks into the ocean-stream.(') A fabulous reason
for this immunity was devised by the mythologists: it was
founded upon the metamorphosis of Callisto, and her transfer to
the starry heaven, which was as ancient as the poems of Hesiod.

Other nations, as was natural, entertained a similar belief
with respect to the sun setting in the waters of the far west.
The ancients inform us that the Iberians supposed themselves
to hear the hissing of the sea when the burning sun plunged into

(r3) Il vii. 422; Od.iii. 1, xix. 433. See Volcker, ib. pp. 20-23.

(14) Il wiil. 485, xviii. 239 ; Od. x. 191 ; Hymn. Mere. 68.

The language of subsequent poets gﬂnura.ﬁ_',r followed that of Homer ;
thus Virgil—

¢ Nee quum invectus equis magnum petit ethera ; nee quum
Precipitem oceani rubro lavit eequore eurrum.'—Georg. iii. 358,
‘ Quid tantum oceano properent se tingere soles Hiberni.'
Georg. 1. 481.

Compare Ovid, Met. ii. 68, 157 ; Luean, vii. 1, ix. 625.

Virgil, An. viii. 589, speaks of the morning star as rising from ocean.

‘Taygete simul os terris ostendit honestum

Pleius, et oceani spretos pede reppulit amnes ;

Aut eadem sidus llu;:iena ubi piseis aguosi

Tristior hibernas eeelo descendit in undas.'—Georg. iv. 232-5.
‘Tingitur oceano eustos Erymanthidos Ursm,

JEquoreasque suo sidere turbat aquas.'—Ovid, Trist. 1. 4, 1.

(15) Iliad v. 6. Ovid, Met. ii. 171, deseribing the conflagration of
Phaethon, says :

*Tum primum radiis gelidi ealuere Triones,
Et vetito frustra tentarunt mquore tingi.’

In Trist. iv. 3. 2, he characterizes the two bears as ‘utraque sicca.’
Luean speaks of Carmania as a country situated so far to the south
that the Great Bear partly sets :

¢ Carmanosque duces, gnorum devexus in austrum
JEther, non totam mergi tamen aspicit arcton.—ii1. 250,
(16) Ofy & dupopic tere Mofrpwy wreavoio,

Il. xviii. 489; Od. v. 275. Compare Kruse's Hellas, vol. i. p. 245-273.
Thus, .e},rutuﬂ. V. 48, dperor kvaviov wegulaypivar dxeavoio, and Virgil,
Georg. i. 246:

¢ Arctos, oceani metuentes @quore tingi.’



SECT. 2.] THE GREEKS AND ROMANS. (.

the western ocean.('7) A similar report is mentioned by Tacitus
with respect to the Northern Germans. (')

The Greeks even conceived the sun in the personified form
of a divine charioteer, who drove his fiery steeds over the steep of
heaven, until he bathed them at evening in the western wave.('”)
The story of Phaethon, who aspired to drive the chariot of the
sun, who was hurled by the lightning of Jupiter into the river
Eridanus, and whose sisters, metamorphosed into poplar-trees,
shed tears at his death, which were hardened into amber, is a
poetical figment, belonging to the early Greek mythology,
though apparently later than Homer.(*') The personification
of the sun led to his being regarded as a universal witness, not
only of what could be seen, but also of what could be heard.(*)
It 1s this notion of the sun as an all-seeing witness which
induces Homer to represent him as giving information to
Vulean of the infidelity of Venus;(**) and which causes the
author of the Homeric hymn to represent Ceres as applying to
the sun for information respecting her lost daughter Proser-
pine.(*) In like manner the comic poet Philemon describes
the air as knowing everything, because it is everywhere pre-
sent. (*¥)

In the later classical mythology, Apollo or Phabus had
become the god of the sun, and Artemis, or 1iana, the goddess

&

(17) Posidonins a?. Strab. iii. 1, 5; Cleomed. ii. 1, p. 109, et not. p. 423
ed. Bake ; Flor. ii. 17 ; Juv. xiv. 279; cum. Schol. Stat. Sylv. 11. 7, v.
Auson. Epist. xix. 2; Claudian in Laude Serenwm, v. 52.

(18) Germ. 45. Compare Grimm, Deutsche Mythologie, p. 429.

(19) See Grote, Hist. of Gr. vol. i. p. 465. Ovid represents the god of

the sun as s ﬂg that none of the gods but himself, not even Jupiter, is
able to drive his chariot, Met. ii. 59.

(20) Ovid, Met. ii.—See below, ch. viii. § 4.

(21) "Hildg 0 bc warr' Ipopic kai mavr' imarode,

Iliad, iii. 277, repeated in Od. xi. 109, xii. 323. Respecting the perso-
nification of the sun, see Volcker, ib. p. 26.

(22) Od. viii. 302. Compare the remark of Jupiter to Juno, Il. xiv. 344.

(23) Hom. Hymn. Cer. 69. Xschylus likewise speaks of the sun as an
all-seeing witness, Agam. 632,

(24) Ap. Stob. Ecl. Phys. 1. 10, § 10. Compare Meineke, Fragm. Com.
Gr. vol. iv. p. 31.

L
¥



8 PRIMITIVE ASTRONOMY OF [cHAP. I.

of the moon; but this identification had not been made by
Homer and the early poets.(*®)

The infantine astronomy of the Greeks did not explain how
the sun found his way from the west, after his daily course
throungh the heaven, back to the east and the region of the
dawn. The mythological account of this journey was that the
sun was carried along the external ocean in a golden goblet
fabricated for him by Vulean; and that he reclined during the
night upon this vessel, while he performed the navigation from
his western goal back to his starting-point in the east.(*)

According to Aristotle, many of the ancient meteorologers
believed that the course of the sun was not under the earth,
but that after its setting in the west it travelled round the
north to the east, and that night was caused by the elevation
of the northern part of the earth, which intercepted the sun’s
rays during this transit.(*7)

But however this transport might be effected, the light and
warmth of the sun were supposed to be confined to the upper
surface of the earth. Underneath, all was gloomy and cold.
In this part of the world Hades, the receptacle of the departed
souls, was placed. It was conceived as a subterranean abode,
excluded from the aspect of the heavenly bodies, and therefore
dark, frigid, and cheerless. Its only communications with the
upper carth were through the mouths of caverns.(*)

(25) See below, § 11.

(26) See the passages of Mimnermus, Stesichorus, Eschylus, Phe-
recydes, and others in Athen. xi. pp. 469-70. The words of Pherecydes
are (]llltE distinet : "H.'-'tmg O Sidwmoe anTy :;HEITII]'DH] T0 BETac ro xpvuin'_l!, ]
atroy igdper oy Taic (wwoig, imgy fovy, du@ TOU WKEarol THY viKTa Tpic fw,
o' dvioye o flog.

(27) Meteorol. ii. 1. Compare Avienus, Ora Maritima, v. 647.

. l'{ zfﬁl The descent of Orpheus through the Tenarian cave illustrates this
elief :

‘ Trenarias etiam fauces, alta ostia Ditis,
Et caligantem nigra formidine lucum
Ingressus,"— Georg. iv, 467.

In the Axiochus, p. 371, the earth is described as a plane, dividing the
spherical heaven into two hemispheres. The upper hemisphere belongs
to the celestial, the lower to the infernal gods.

See the declaration of the Sun in Od. xii. 383, and the answer of Ju-
piter, 386.
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Although the ancient Greeks and Romans admitted the
doctrine of posthumous punishment, the predominant idea of
their Hades was simply that of a general receptacle of the souls
of the dead. The hell of the Christian world is a place in
which the wicked are punished with fire ; and hence the modern
Sicilians consider the crater of Etna as a spiracle of hell.(*)
The ancients saw nothing in a burning mountain to remind
them of Hades: they found, however, a mythological explana-
tion for this natural phenomenon, and they supposed that both
Etna and the Lipari Islands were the chimneys of Vulcan’s
"':'.m1th}?, {:H[FJ

§ 3 The sun exercises so decisive and conspicuous an influ-
ence upon the actions of men during every hour of their life,
that all nations, from their earliest existence, must have found
it necessary to watch his movement ; and from their observa-
tions to form certain measures of time. The diurnal course of
the sun, and the alternation of day and night, would be easily
observed, and would lead to simple rules of conduct. The
number of the seasons, and their regular succession, are facts
almost equally obvious, though a longer time is requisite for
their notation and their reduction to a regular series. Hence
the annual course of the sun
motion round its orbit—must have been soon determined

corresponding to the earth’s

within certain narrow limits of error. It must soon have been
perceived that the lengthening and shortening of the days and
nights—such as oceurred in the latitudes of Greece and Western
Asia—was subject to a fixed law; and means must have been
found for determining the recurrence of the equinoxes and

(29) See Brydone's Travels in Sicily, Letter ix. He heard from the
inhabitants of the mountain, that an English queen, Anna, who had made
her husband a heretie, was burning in the interior of the voleano. This
Dantesque idea is a singular counterpart to Gray's couplet :

“"T'was love that taught a monarch to be wise,
And gospel light first beamed from Boleyn's eyes.’

(30) See Callim. Hymn. Dian. 46—61. This fable is rejected in the
Atna of Luecilius, v. 29 (Wernsdorf, Poet. Lat. Min, vol. iv), and a phy-
sical cause is substituted.
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solstices. The points of the compass would thus be given. The
conception of the ecliptic, of a great circle in the heaven formed
by the sun’s annual course, and of its obliguity when compared
with the equator—the great circle deduced from the sun’s daily
course—would be of later introduction, and is not necessary to
the formation of an annual period, and of a rude calendar suffi-
cient for the guidance of agrieulture and navigation, and for the
other ordinary purposes of life.(*!)

Annus was synonymous with enwnufus, and originally meant
a ring or circle, like cirews and cireulus, the former of which
words is identical with the Greek kpikog, or kipkog, a ring.
It denoted a cycle of time; that is, a fixed and recurrent
period.(**)

The succession of the seasons forms a natural cycle,(*) which
must, from the earliest formation of civil communities, have
led to the establishment of a customary annual period, defined
with greater or less exactness. The cultivation of the soil, the
breeding of sheep and cattle, and the hunting of wild animals,
were dependent on the season. The same was the case with
navigation, which ceased during the winter. Amusements in

—

(31) Annus vertens est naturd, dum sol perenrrens duodecim signa
eodem unde profectus est redit. Censorin. de D. N. e. 19.
emavtds, éTos, Swdexdunras xpdvos, fhiov wepiodos, mepeNdivros €& bpav els
&pas Tot eoll, Tov kixkhor Tol dorpov meppapivros.—Pollux, 1. 54
(32) *Ut parvi circuli annuli, sic magni dicebantur circites anni, unde
annus.” Varro, L. L. vi. 8.
Compare Virgil, Georg. ii. 401 :—
Redit agricolis labor actus in orbem,
Atque in se sua per vestigia volvitur annus.
The following verses of Hermippus, a poet of the old comedy, indicate
the recurrent character of the year :—
ikeivig tar orpoyybdog Ty oy, @ Tornpi, 3
fvrog & Eywy mepEpyeTal kUkAp Ta warr fv anty,
Npdc 0 TikTeL TEpiTpEywy THv iy arabamacray”
dvopaleral & iviavroc, Wy O #quﬂﬁzpt}: TENEUTHY
oflepiay obd’ apyny fxe, kvkhov 0 a0 capa
ol waboerar & gpipag doguipar Tpoyalwy.
Ap. Stob. Ecl. i. 8. Meineke, Fragm. Com. Gr. vol. ii. p. 380, The word
puds in v. 3, seems to show that those verses were spoken by a chorus of
Qpar.
(33) See Gen. i. 14 ; viii. 22,



SECT. 3.] THE GREEKS AND ROMANS. 11

the open air, such as national games, must likewise have been
fixed with reference to the weather. War was waged during
the fine part of the year. At a period of semi-barbarism, men
were more dependent on the seasons than at a more civilized
stage of society. Houses were ill constructed, clothing was
scanty, and even scarcity of food was a constantly recurring
evil. Roads and bridges did not exist. Navigation was timid
and unskilful.

The division of the four seasons, though of considerable anti-
quity,(*) is not decisively indicated in nature. The antithesis
between summer and winter 1s obvious; the revival of nature
in spring, after the torpor of winter, is also a marked epoch.(*")
But antumn is a less definite season. Hence a division of the
year into the three seasons of spring, summer, and winter, is
attributed to the ancient Egyptians.(*®) The year of the ancient
Germans consisted only of these three seasons, according to the
testimony of Tacitus ;(*") and in English, the same three seasons
are denoted by Anglo-Saxon words ; whereas the word ¢ antumn’
is borrowed from the Latin.(*) The recurrence of the seasons
at fixed intervals is one of the most remarkable laws of physical

———— e mx mr = w e ——

(34) See Galen. ad Hippocerat. Epidem. i. vol. xvii. 1. p. 18, ed. Kiihn.
The treatize of Hippocrates de Diwta, iii. 68 (vol. vi. p. 594, ed. Littré),
says that the year is generally divided into four seasons: that the winter
lasts from the setting of the Pleiads to the spring equinox; the spring
from the equinox to the rising of the Pleiads ; the summer from the rising
of the Pleiads until the rising of Arcturus; and the autumn from the
rising of Arcturus to the setting of the Pleiads. The treatise De Dimti
is either genuine, or as ancient as Hippocrates, Littré, vol. 1. p. 356.
Manilius, 11. 656, considers the four seasons as marked by nature.

{3‘3} See Macrob. Sat. 1. 12, § 14. Virgil supposes the spring to have
immediately followed the creation of the wor]cr : as being the season of
renewal of vegetable and animal life, Georg. ii. 336.

(36) Died. i. 26. Eschylus, in describing the division of the year by
Prometheus, enumerates only the three seasons of winter, summer, and
spring, Prom. 454—6.

(37)- Germ. 26. Compare Grimm, Deutsche Mythologie, p. 435.

(38) See Dean Trench, Select Glossary of English Words (Lond. 1859),
v. Harvest.

The Hippoeratean treatise mepl é38opadwr distributed the year into
seven seasons. If left the =pring and autumn undivided ; but made the
winter consist of three seasons, and the summer of two, See Galen, ib. ;
Hippocrates, vol. viii. p. 635, ed. Littré,
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nature, and it is often employed by the ancients as a proof of
the superintendence of the world by a divine Governor.(*)

Besides the recurrence of the seasons, and the general phe-
nomena of animal and vegetable life which severally accom-
panied them, there were certain special and local phenomena
which returned at annual periods. Such were certain winds,
called by the Greeks the Etesian, from their annual recurrence,
migrations of certain birds,(*) and the inundation of the Nile;
which last phenomenon was of a peculiarly striking and impor-
tant character, and occupied the attention of Greek observers
and speculators from an early date.(*!)

Homer frequently mentions a definite number of years ; which
he conceives as composed of months, and as recurring in a con-
stant cycle. This fact proves that the year was in his time a
fixed and recognised period of time.(**) Now, the poems of
Homer were at an early period recited and read over every part
of the Greek world. Each Hellenic city and community, from
Sinope to Massilia, must have understood the same period to be

(39) See the celebrated passage of Claudian, at the beginning of the
poem against Rufinus :—

Nam eum dispositi quaesissem foedera mundi,
Prescriptosque man fines, annisque meatus,
Et lueis noctisque vices, tune omnia rebar
Consilio firmata Dei, qui lege moveri

Sidera, qui fruges diverso tempore nasei,

Qui variam Pheeben alieno jusserit igni
Compleri, solemque suo; porrexerit undis
Litora ; tellurem medio libraverit axe.

The mutability of human affairs is contrasted with the stability of the
universe by Manilius, 1. 522—530,

(40) Hesiod speaks of the annual cry of the crane, as marking the time
for ploughing and the winter season. Op. 446. See likewise Aristoph.
Av. xfll‘.].

(41) See below, ch. 2, § 2.

(42) The third and fourth years are mentioned in Od. ii. 89, xxiv.
141-2; four years in Od. nn. 107, xix. 152; five years in Il. xxiii. 833, Od.
xxiv. 300; seven years, Od. xiv. 285, vii. 259; eight years, Od. vii. 259,
261, xiv. 287 ; nine years, 1L ii. 134, 295, Od. v. 107 ; ten years, Il. viii. 404,
418, xii. 15, Od. v. 107, xv. 18 ; eleven years, Od. iii. 391 ; twenty years,
Il. xxiv. 765, Od. ii. 175, xvi. 205, xvii. 327, xix. 222, 484, xxi. 208, xxiii.
102, 170, xxiv. 322: on the year as a recurrent period, Il. 1. 205, Od.
xiv. 204. The word AvkdZas is used for year in Od. xiv. 161, xix. 306, i.c.
‘the course of the sun." That Homer's was the tropical year is held by
Ideler, Chron, vol. i. p. 260,
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designated in his poetry by a year. Each, for example, must
have conceived the siege of Troy to have oceupied ten tropical
years; each must have conceived Ulysses to have passed eight
tropical years in the island of Calypso; each must have con-
ceived the dog Argus to have died in the twentieth tropical year
from his master’s departure for Troy.

It is clear that from an early period there must have been
a measure for the age of man. Husbands and wives must have
known each other’s age. Parents must have known the age of
their children.

Hesiod advises a man to marry about the age of thirty
years.(¥) His wife is to be nineteen years old at her mar-
riage.(*) The same early poet mentions a boy of twelve months,
and also of twelve years.(*)

Homer speaks of Nestor having outlived two generations,
and ruling over the third.(*) Hesiod says that the raven lives
nine generations of man ; the stag four generations of the raven ;
the erow three generations of the stag; the pheenix nine gene-
rations of the crow; and the nymphs ten generations of the
pheenix.(¥7) These passages imply a conventional number of
vears for the duration of a generation of mankind., Mimnermus
and Solon mention the ages of sixty and eighty years.(*) Xeno-
phanes reckons his age at 67 + 25 =92 years.(*) The life of
man is computed by Herodotus, as by the Psalmist, at seventy
vears.(*")

The successive ages of man are enumerated by Solon, who

(43) Op. 694,

(44) Ib. She is to be five years after §3n, which is the age of
fourteen. Pollux, i. 58, explains #3y to be fourteen years. See K. F.
Hermann, Privatalt. der Gr. § 4, n. 19.

(45) Ib. 749, 50. (46) Il. 1. 250.

(47) Fracm. 50, ed. Gaisford.

(48) Mimn. fr. 6, Solon, fr. 20, ed. Schneidewin. They avoid the
number é38apnkorra, because it will not go into elegiae verse. Mr. Glad-
stone, Studies on Homer, vol. iii. p. 441, remarks that all the multiplea of
ten up to one hundred oceur in the Homerie catalogue, except the intrae-
table égdounkorra.

(49) Diog. Laert. ix. 19.

(50) i. 32 ; compare Psalm xc.
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measures them by periods of seven years. He places the per-
fection of a man’s bodily strength in the fourth hebdomad, from
twenty-eight to thirty-five years of age, and the perfection of
his mental powers in the seventh and eighth hebdomads, from
forty-nine to sixty-three years of age. He considers life to
have reached its natural term at the age of seventy. (™)

Even in the rudest systems of jurisprudence and government,
there must have been legal definitions dependent upon age. The
age at which a man became master of his property, could enjoy
hLis civie rights, was liable to or exempt from military service,
must have been defined.(**) Rules as to preseription, more or
less precise, must likewise have found their way, at an early
period, into the judicial practice of all intelligent nations, and
would naturally be founded upon the year. (%)

The accounts of the early history of the Greek States repre-
sent annual magistracies as created immediately after the aboli-
tion of the heroic royalty. Thus the annual prytanes are stated
to have ruled at Corinth from 747 to 657 B.c.; the decennial
archons are stated to have governed Athens from 752 to 634,
and the annual archons from 653 s.c. The Spartan ephors, the
date of whose institution 1s uncertain, were likewise annual
officers. The traditions of annmal Corinthian prytanes and
decennial Athenian archons do not indeed rest on a firm basis ;
but it cannot be doubted that the determination of high ma-
cistracies by yearly measurements was of great antiquity in the
Greek commonwealths. The Roman consuls were not established

(51) Sol. fr. 23 ; Censorin. e. 14; Macrob. Com. Somn. Seip. 1. 5. The
genuineness of these verses has been suspected by some erities.

(52) Concerning the period of 783y, see K. I. Hermann, Staatsalt. der
Gr. § 123; Privatalt. § 35, n. 13, § 56, n. 11. As 1o the Roman law re-
specting puberfas, see Rein, Rom. Privatrecht, p. 113.

(53) The German word for prescription 18 Verjalirung.

The idea of prescription s expressed in the following passage of
ZMschylus, referring to the combat of Eteocles and Polynices :—

aid’ l'EJ‘-'ﬁ!lﬂ'i: ’ﬁp?fimm Hnﬁpzinm: AT

ic yeipag iABeiy alpa yap vabapoo.
avipoiv ¢ opaipny Bavaror wi’ alrokrivec,
OUK £0TL YHjpag ToUGE ToU ACRarog.

Sept. Theb. 679—82.
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till 509 B.c.; but the custom for officers of State to mark the
year by ﬂ-llﬂllﬂl]j’ driving a nail into the wall of a temple, seems
to have been ancient in Italy.(*)

Tyrtiens, whose lifetime is placed, on sufficient evidence, in
the Tth century B.c., speaks of the First Messenian War having
lasted nineteen years, and being terminated by the flight of the
Messenians from Ithome in the twentieth year of the war. (%)
Both ancients and moderns have concurred in understanding
that in this passage ordinary solar years are meant. (%%

Homer does not mention the equinoxes; and he alludes to
the solstices only in a fabulous manner. In the 15th book of
the Odyssey (v. 403), the swineherd speaks of the island of
Syria as situated beyond Ortygia,  the seat of the turns of the
sun.” By Ortygia it has been supposed that Delos is meant ; by
Syria the island of Syros. The Scholiast thinks that the allu-
sion is to a cave of the sun, by means of which the solstices
were noted. (°7)

The solstices are mentioned three times by Hesiod, in his
Works and Days.(**) In the first passage he warns the hus-
bandman to plongh before the winter solstice. In the second,
he speaks of Arcturus rising fifty days after the winter solstice.
In the third, he says that the period of fifty days after the
summer solstice is favourable to navigation.

Thueydides is studious to mark that his chronological nota-
tion is defined by natural periods, and not by any civil calendar.
He determines his year by the seasons—that is to say, his his-
torical year is the solar or tropical year.(*’) Notwithstanding
the absence of any calendar of authority, rccugmm,d by all the

(54) See Miiller’s Etrusker, vol. ii. p. 329; Im]uu_].f into the Cred. of
the ﬁnﬂj Rom. Hist., vol. i. ¢. 5. § 13.

(35) Fragm. 4, ed. Gaisford.
(56) See Grote, Hist. of Gr. vol. ii. p. 563.

(57) Homer describes the island of /Ewa as the seat of the rising of the
gun, Od. xii. 4
{58} See vv. 477, 562, 661.

(59) yéypawran ii equ we Ekaora Lyiyvero carda Bipoc vai yapova, i, 1.
Compare v. 20, on the inaceuracy of reckoning by magistrates. The

annual computation of Thucydides is illustrated by Dodwell, Annales
Thucydidel, § 6, 14.
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Greek States, in the Peloponnesian War, yet the period of a
vear was fixed by usage, and is mentioned as a known period
in treaties between different States made for a definite number
of years.(%)

Biot supposes the points of the compass to have been origi-
nally determined by observing the places of the rising and
setting of the sun on any day. The bisection of the angle
made by lines drawn from these points to the place of the
spectator would give the south and north, with a close approach
to accuracy; and when the east and west points were known,
the equinoxes might be determined by watching the days when
a wall running due east and west cast no shade at sunset and
sunrise. ()

It may be considered as certain that the solar year, with its
solstitial and equinoctial points, was determined without astro-
nomical precision, but sufficiently for practical purposes, at a
remote period, among the Greek communities. (%)

§ 4 A lunation, or synodical month, being the interval be-
tween two conjunctions of the sun and moon, is equal to 29d.
12h, 44m. It was founded on the most obvious determination
of the moon’s course, and furnished the original month of the
Greeks, which was taken, in round numbers, at 30 days.(*) By

(60) A five years’ truce was made between the Peloponnesians and
Athenians in 450 B.c., Thue. 1. 112 ; a thirty years’ truce in 445 B.c., ib.
115; a fifty years’ truce, v. 18, 23 in 421 B.c.; a hundred years' truce,
v. 47; a treaty between the Lacedemonians and Argives for fifty years,
v. 79. The ancient treaty between the Eleanz and a neighbouring state,
preserved on a brazen Flate in the British Museum (Backh, Corp. Inseript.
Gr. n. 11) is for a hundred years.

Solon i said to have enacted his laws for the term of a hundred years,
Plut. Sol. 25.

(61) See Biot, Restes de I'ancienne Uranographie égyptienne, Jour, des
Sav. aolt, 1854; and, Détermination de l'equinoxe vernal effectuée en
Egypte, Jour. des Sav. mai, juin, juillet, 1855.

(62) The celebration of the summer solstice by bonfires is considered
by Grimm as of great antiquity among the northern nations, Deutsche
Mythol. p. 349, 413.

{ﬁﬂ p:r'p- EFri ypover amd suvvalov Emi ﬂ'ﬁll*uEDl", 1 amd marceNiron bl
wavaikygvor, dori 08 abvodoc pév brav iv 7§ alry poipg yivgrad o floe cai 5
aeAfrn” Tobr fori wepi Ty Tpaxada ok, Gemin. c. 6. kaXeirae piy o
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combining the course of the sun with that of the moon, the
tropical year was assumed, at a rough and approximate compu-
tation, to consist of 12 lunations, or 360 days.(™)

The month is often mentioned by Homer, and is treated as
a constituent part of the year.(*) Hesiod gives detailed pre-
cepts respecting the character of its days, and speaks of it as
containing thirty days.(*) The riddle ascribed to Cleobulus,
one of the Seven Sages, or to his daughter Cleobulina, assigns
twelve months to the year, and thirty days to each mouth,

&1.-& truvﬁlﬁma Emi EF{'?l'tln:‘:nrr xlrm'l-'u:t:w a."‘uirr.':jpﬂ, !-.'ui ."l.m'.rrﬁ:l', il flrur:m:r“ﬂr‘”:rp:i-g xp:ir'rr[;,
Cleomed. ii. 5, p. 135. Luna singulos suos menses conficit diebus unde-
triginta circiter et dimidiato. Censorin. D). N. e. 22. Romulus, cum
ingenio acri quidem sed agresti statum proprii ordinaret imperii, initium
ciujusque mensis ex illo sumebat die quo novam lunam contigisset videri.
Maerob. Sat. 1. 15, § 5.

viE piv ody guipa T yiyover oitw kai dut TaiTa, i THC JUic kal gporpwraTyc
EVENTEWE TEQIOCOL" [LEIC 0¢ iraddy sekien mrpredoioa Tor tavrie kekdor v
imcarakafy, fravrie ¢ owdray filiog rov favrov weplely wiedor.  Plat, Tim.
§ 14, p. 39.

(64) Dein morata in coitu solis biduo, eum tardissime, a tricesimi
luee rursus ad eazdem viees exit, hand seio an omnium qua in ecelo pernosei
potuerunt magistra. In duodeeim mensum spatia oportere dividi annum,
quando ipsum toties solem redeuntem ad principia consequitur. Plin. 11, 6.
Compare Petav. de Doctr. Temp. 1. 5.

(65) One month is mentioned in Il i1, 202, Od. x. 14, xii. 325, xiv.
244, xxiv. 118; three months, Od. xvii. 408 ; thirteen months, I1. v. 387 ;
Tou pér fivorros pmpis, Tov & lorapivere, Od. xiv. 162, xix. 306; a vear
consists of months and days, Od. xi. 204, xiv. 203. The moon is called
pipn in T1. xix. 374, xxiii. 455. The Greek word for month was originally
pevs, which form is preserved in the Latin mensis. As the Greek language
did not tolerate this termination, the word pévs was in some dialects
softened into pjv, in others into peis. The word oelgey, derived from
oéhas, denotes the moon's brightness ; because, though less luminous than
the sun, it is devoid of heat. feéhwos or fhwos is allied with &g or iy,
which expresses heat. The Latin luaa is contracted from lucina, which 1s
a derivative of lux or luceo.

(66) Op. et Di. 764; Pollux,i. 63, siates that the month consists of three
decads, or exipepa, and that the last day is called rpiakas. The Athenians
said thirty days rather than a month, Elmsley ad Aristoph. Acharn. 858.

According to Suidas, in yervrae, the ancient Attie tribes were four in
number; each of them contained three ¢parpiac or rperries, making twelve;
and each ¢parpia or rpirrds contained thirty yém, making three hundred
and sixty yerm. Suidas adds, that these numbers were derived from the
four seasons, the twelve months, and the three hundred and sixty days of
the year. This numerical symmetry, however, is probably unhistorieal,
and the reference to the calendar fanciful. See Grote, vol. ni. p. 73.

Strabo, ix. 1, § 20, states that more than three hundred’ statues were
erected to Demetrius Phalereus at Athens, whose administration lasted
ten years from 317 B.c. Nepos, Miltiad. 6, and Plutarch, Rep. Ger. Prae.

C
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making a year of 3060 days.(“") Hippocrates assumes the month
to consist of thirty days. () Herodotus, in like manner,
reckons the month at thirty, and the year at 360 days.(*)
Even Aristotle, in more than one place, gives this duration both
to the month and the year.(") According to Plutarch the
primitive Roman year consisted of 360 days.(7)

The following account of the ancient Greek calendar is given
by Geminus :—

“The system pursued by the ancient Greeks was to de-
termine their months by the moon, and their years by the
sun. The laws of the State and the oracles of the gods con-
eurred in preseribing that sacrifices should be regulated ac-
cording to three established standards—mamely, months, days,
and years. This precept all the Greeks reduced into practice
by distinguishing between their measures of time; and by
regulating the years according to the sun, and the days and
months according to the moon. By the regulation of the year

27. fix the number at three hundred. Varro, ap. Non. ¢. 12 (in luces),
p. 361, ed. Gerlach et Roth.
‘Hic Demetrius mneas tot apin’st,
Quot luces habet annus absolutas.’

Lastly, Diog. Laert. v. 75, sai{a that three hundred and sixty statues
were dedicated to him. The number of statues fluctuates, and the reference
to the days of the year is doubtless faneiful and fabulous.

(67) Diog. Laert. i. § 91; Suidas in KieoBovhivy, Stob. Ecl. Phys.
1. 8, 37; Anth. Pal. xiv. 101. Stobwus has éfjrovra in the second line ; the
other three authorities have tpuikorra. The sense is the same; but rpwa-
kovra destroys the metre. By ééqrorra, thirty days and thirty nights,—
thirty wwyfquepa, are meant. Cleobulus was contemporary with Solon.
The genuineness of this riddle cannot be safely assumed, but it eannot he
disproved. There is nothing in the language or contents inconsistent with
the time to which it is referred. On Cleobulina, see Plutarch, Sept. Sap.
Conviv. 3.

(68) De Carn. vol. xxi. p. 442. ed. Kiihn; he makes 9 months 10 days
= 280 days, and De Epidem. ii. 3. vol. xxiii. p. 454, 9 months =270 days.

(6y) He reckons 35 months as equal to 1050 days, and 70 years as
equal to 25,200 days, i. 32. In iii. 90, he states that the annual tribute
yielded by the Cilicians to Darius was 360 white horses, being one horse
for each day.

(70) Aristot. H. A.ii. 17, states that the ribs of serpents are equal in
number to the days of the month, being 30. He states, in vi. 20, that 60
days is the sixth part of the year; 72 days the fifth part; three entire
months the fourth part.

(71) Num. 18.
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according to the sun was meant such an arrangement as secured
that the same periodical sacrifices should always be performed
to the gods at the same seasons of the year; that the vernal
sacrifices, for example, should always fall in the spring, and the
summer sacrifices in the summer. This accordance of the
sacrifices with the season of the year was considered as accep-
table and gratifying to the gods ; but it could not be brought
about, unless the solstices and equinoxes fell at the same times
of the civil year. The regulation of days by the moon con-
sisted in counting them by the moon’s phases—the last day of
the month being called the friacas, or thirtieth.’(7)

Plato states that the months and years are regulated in
order that the sacrifices and festivals may correspond with the
natural seasons ;(™) and Cicero remarks that the system of in-
tercalation was introduced with this ohject. (™)

“ All nations (says Newton) before the just length of the
solar year was known, reckoned months by the course of the
moon, and years by the returns of winter and summer, spring
and autumn ; and in making calendars for their festivals, they
reckoned thirty days to a lunar month, and twelve lunar
months to a year, taking the nearest round numbers; whence
came the division of the ecliptic into 360 degrees.’(™)

(72) c. 6. Compare Ovid, Fast, iii., ad fin.

‘ Luna regit menses. Hujus guogue tempora mensis
Finit Aventino Luna colenda jugo.’

(73) Leg. vii. § 14, p. 809.

{74) De Leg. ii. 12.

B"pcnking of the Jewish festivals, Michaelis, Comment. on the Laws of
Moses, art. 199, vol. iii. p. 206, remarks:—*The festivals appointed for a
certain day of the moon, had all a reference to the beginning and end of
harvest, and to the viniage, and could not h;.' any means have been
celebrated in an appropriate manner, nor even with the shadow of an allu-

*sion to these seasons, 1f the lunar year [of 354 days] had been allowed to
fall behind (as it really does) about 33 days in the course of 33 moons.’
He proceeds to show that the ancient Jews rectified this defect in their
calendar by a process of intercalation.

Michaelis eites a statement from a traveller, that the negroes in Western
Africa had a year composed of lunations, which they corrected by a
reference to the harvests.

(75) Chronclogy of Ancient Kingdoms, Works, vol. v. p. 55.

o2
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It is stated that Solon made a regulation of the Attic calen-
dar, intended to remedy the inaccuracy caused by treating the
synodical lunar month as exaetly equal to thirty days: whereas
it wants 11h. 16m., or nearly half a day, of that period. This
contrivance consisted in dividing the thirtieth day (which he
called ¥vy kai véa) between the old and new month; and in
making some of the months f#// and others follow : the former
consisting of thirty, the latter of twenty-nine days.(") If this
regulation was synchronous with the legislation of Solon, it
took place about 594 B.c., near the middle of the lifetime of
Thales.

The periodical, as distinguished from the synodieal month,
is the time during which the moon makes a revolution from
any point in the zodiac back to the same point; and it consists
of 27d. Th. 43m.("") Hence a lunar month is sometimes taken
in round numbers at twenty-eight days: and this is <the
length of a lunar month aceording to the law of England.(™)

The lunar year, measured by twelve periodical lunations, is
354d. 8h. 48m. 36s.,, being nearly eleven days shorter than the
solar tropical year,

Allusions to the year and month, as fixed by these lunar
standards, sometimes oceur in antiquity. Thus the passage of the

(76) Plut. Solon, 25; Aristoph. Nub. 1178—97 ; Diog. Laert. 1. § 57,
59. The word évos appears to mean * that which belongs to the former of
two consecutive periods.” Thus it is synonymous with meptowos, * be-
longing to the previous year.' ¢ In the phrase &im kat véa, it means the last
day of the first of two consecutive months, as opposed to the first day of the
second of those months.

Minime videntur errasse, qui ad lun@ eursum menses civiles accommo-
darunt, ut in Graeii plerique, apud quos alterni menses ad tricenos dies
sunt facti. Censorin. e. 22.  Compare Ideler, Chron. vol. i. p. 266.

In the apoeryphal book of Enoch, written about 130 p.c., alternate
months of 30 and 29 days are mentioned, c. 78. v. 15, ed. Dillmann, Leipzig,
1853. Concerning the date of its composition, see pref. p. xliv.

(77) Macrob. in Somn. Scip. i. 6, § 49, gives about 28 da{s to the
periodical lunar month, and 30 days to the synodical lunar month. Cleo-
medes, i. 3, ii. 3, 5, gives 28} days to the former, and 30 to the latter.
Geminus, c. 6, states the duration of the synodical lunar month at 29}
days. :

(78) Blackstone, Com. vol. ii. p. 141.
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Odyssey which describes seven herds of oxen and seven flocks
of sheep, each containing fifty head, in the island of Thrinacia,
as belonging to the Sun, and as tended by Phaéthusa and Lam-
petia, daughters of Hyperion, was explained by Aristotle to
refer to the lunar year of 350 days.(™) This round number
designated the lunar year, as the round number of 360 days
designated the solar year. According to Macrobius, the com-
mon year of the Greeks consisted of 354 days.(*)

The period of child-bearing in women, which is 250 days, is
usually spoken of by the ancient writers as consisting of ten
months. This seems to assume a month of twenty-eight days.
The moderns, who reckon by calendar months of thirty and
thirty-one days, commonly designate this period by nine
months.(*!)

(79) Od. xii. 129, cum Schol. See Nitasch, ad loe. vol. iii. p. 387.
Hower, Od. xiv. 13, says that in Ithaca, belonging to the palace of Ulysses,
were twelve enclosures, each containing fifty breeding sows (= 600). The
males slept outside, and were much fewer, for their number was diminished
by the suitors, to whom the swineherd supplied the fattest : their number
was 360, Mr. Gladstone, Studies on Homer, vol. iii. p. 435, thinks that
this number alludes to the number of days in the year ; but the coincidence
seems merely aceidental,  If the poet had described the consumption of
hogs for an exact year, he might have specified 360, meaning that one was
killed each day, as in the case of the Cihuiam tribute of 360 horses, which,
as Herodotus remarks, iii. 90, was a horse for every day : but the number
in question represents the live hogs which were left after the consumption
of the suitors had been provided for. The word éfjrovra was probably
inserted for the same reason that {38opnkorra was omitted in the Catalogue,
viz. melrical convenience.

(o) Baturn. 1. 12, § 2,

(81) Aristot. Hist. An. vil. 4, states that children are born at the 7th,
Sth, and 9th month, but that most are born at the 10th, some even at the
eleventh.

In Hippoerat. Endem. ii. 3, 17, it seems to be assumed that the period
of gestation is 9 months, or 270 days. But in the Hippoeratean Treatises,
wept énTapnvov, 7, and mept dxrapnrow, 13, it is laid down that the perioed is
geven quarantines, or 280 days, and that the ehildren born at this time are
called ten months’ children. Nevertheless, the month is here taken at 30
days. Bee vol. vii. p. 443, 460, ed. Littré. Compare Galen, vol. xvii. part i.
p- 450, Kiihn.

Menander ap. Meineke, Fragm. Com. Gr. vol. iv. p. 192, yu xvel
dexaunros, followed by Terent. ﬂdﬂllﬂl. ni. 4, 29, iv. 5, 57; Hec. v. 3, 24.
The fabulous story respecting the generation and birth of Orion in Schol.
I1. xviii. 486, alludes to ten months as the period of pregnancy. Ten months
is given as the ordinary period of pregnaney in Iambhich. vit. Pythag, 192.

The Decemvirs stated this period at ten months, Gell. iii. 16 ; Dirksen,
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§ 5 All the authentic evidence which is now extant, and all
the indications contamed in the earliest writers, concur in
proving that there was a general agreement as to the length of
the year and the month from a remote period of antiguity.
The duration of the year, as marked by the apparent course of
the sun, and by the real revolution of the earth in its orbit;
and the duration of the month, as marked by the revolution of
the moon round the earth, and its return to conjunction with
the sun, were determined by the concurrent observation of all
nations., The determination was, however, deficient in accu-
racy, from a want of a scientific knowledge of astronomy, of
scientific instruments for observation, (including a good instru-
ment for the measurement of time,) and of recorded observa-
tions of the heavenly bodies.

Owing to the disagreement in details which this want of
precision engendered, each Hellenic State had a eivil or reli-
gious calendar of its own ; and the years of different national
calendars began at different periods.

Each State, morcover, had a peculiar nomenclature of
months ; and as the commencement of the year differed ac-
cording to the country, each national series of months com-
menced its course from a different day. The calendar, as is
stated in a passage already cited from Geminus, was regulated
with reference to sacrificial observances ; and hence the names
of the months were, as a rule, derived from a god, or from some
public festival or other sacred celebration.(*) In later times,

Zwolf-Tafel-Fragmente, p. 283. Ten months is treated as the time of
Rregnnncy in Dig. xxviii. 2, 29; Cod. vi. 20, 4. See likewise Varro ap.

Von. in spissum, p. 266, ed. Gerlach et Roth (vol. i. p. 203, ed. Bipont);
Virgil, Ecl. iv. 61; Ovid, Heroid. xi. 45; Fast, 1.33; ii. 175, 445 : i 124;
v. 534 ; Met. ii. 453 ; viii. 500 ; ix. 286 ; x. 296, 479, 512.

Tertulhan, de Anima, e. 37: Legitima nativitas ferme decimi mensis
ingressus est, who discovers in this number a connexion with the Decalogue.
He likewise states, ibid., that the Roman goddesses Nona and Decima
derived their names from the months in which the birth usually occurred.
Ausonius, Eclog. de Ratione Puerperii, v. 39, speaks of nine months as the
period of pregnancy. Maerobius, Comm. Somn. Seip. 1. 6, § 66, gives the
game period.

(82) The derivations of the names of the Attic months will throw
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when flattery had introduced the system of apotheosis, the
names of powerful rulers were given to certain months, Thus
the month of Munychion was called by the Athenians Deme-
trion, in honour of Demetrius Poliorcetes.(*) The Roman month
Quintilis was called Julius, in honour of Julius Caesar,(*)
and the month Sextilis afterwards received the name of Au-
gustus, in honour of Augustus Ceesar.(**) Some of the subse-

light on this subject. Hecatombmon took its name from the festival of
Heecatombsea ; Metageitnion from Apollo Merayeiriwos ; Boédromion from
the festival of Boédromia; Pyanepsion from the festival of Pyanepsia;
Memacterion from the festival of Jupiter Mmemactes ; Poseideon from the
god ; Gamelion, probably from a festival of Gamelia ; Anthesterion from a
festival of Anthesteria; Elaphebolion from the festival of Elaphebolia ;
Munychion, apparently from an epithet of Diana ; Thargelion from the fes-
tival of Thargelia ; Seirophorion from the umbrella earried in a sacred pro-
cession. See K. F. Hermann, Gottesdienst. Alt. der Gr., § 54—61. Clinton,
F. H., vol. ii, p. 324,

The number of months which derived their names from gods attests

their origin. Thus there was a month "Amé\\acoc at Delphi and other

laces ; a month *AxoMkenog in Elis, *Apeogin Bithynia, "Aprepiswog in many

tates ; "Agpodisiog in Bithynia and {:}']]'1"1-15: Agpirpoc in Bithynia and
Baotia, Awriewe in Naupactus, Chalecedon, and Tauromenium ; Aiec in
Macedonia, Awesovpoe in Crete, "Eppaioc in Boeotia, 'Hpdrkeaog in Bithynia
and elsewhere ; "Hpaog in Crete, Bithynia, and Delphi ; 'Hgaisrwog in a town
of Asia Minor ; Ioesadiwr in Athens and other places. Kpdwvwog or Kpoviwr
was the original name of the Attic Hecatombmon. In other cases the re-
ference to a festival or g[ld i8 clear ; as "Adakopivoe, 'Amarovplwy, Bovgoviw,
Fepaioriog, Aakwog, Aedgiviog, Awalvee, Edayyihiog, Oerpogapog, Ixmolpipog,
Irwog, Savikic, Mposrargpog.  Coneerning the sacred month Carneus,
see Thue. v. 54.

Galen, vol. xvii. P. 1, p. 21, Kiihn. & doyg roi kar’ fravriv weparog
pnvée.  See Clinton, F. IF,, vol. iil. p. 350, who emends Heperiov. Peritius
ig the third month from Dius; ie. there are two between. See K. F.
Hermann, Griech. Monatskunde, p. 101. The text in Clinton has xa®’
tavroi. Perhaps we should read kar’ iviavroi wipac Tepirion pyric.  This
gives a meaning to Toire yag onuaiver, &c.  Peritius was the fourth month
of the Macedonan year, and was not therefore at its end ; but as it fell
about the time of the winter solstice, Galen may consider it as the end of
the year. It nearly corresponded to the Roman January. It is probable
that Iepirioc was not derived from mépac, but took its name from a Mace-
donian festival. See Hermann, p. 74, who derives the name from wepe-
ivar, and thinks that it was equivalent with the Koman Ambarvalia.

(83) Plut. Demetr. 12. The last day of the month—the &vy kai via—
was also called Demetrias, and the festival of Dionysia was called De-
metria.

(84) See Censorin. ¢. 22; Maerob. Sat. i. 12, § 34 ; Dio Cass. xliv. 5;
Afpian, B.C. ii. 106; Suet. Casar, 76; Plut. Num. 19. This month was
selected becaunse his birthday fell in it. The change took place in 44 B.c.

(85) Suet. Aug. 31; Dio Cass. 55, 6; Macrob. i. 12, § 35; Plut. ib.
The date of this change was 8 s.c.
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quent Roman emperors made similar attempts, but not with the
same enduring success.(*) In Rome the care of the calendar
was considered a religious funetion, and it had from the carliest
times been placed in the hands of the pontifices.(*)

That a civil calendar of months, having a fixed position in
the year, was not recognised in common by the Greeks, even in
the second century after Christ, is clearly expressed in the fol-
lowing passage of Galen.(*) This writer, in a commentary upon
a Hippocratean treatise, takes occasion to remark that Hippo-
crates defines the season of the year by a direct reference to
astronomical facts.

¢ Let me mention, once for all, with reference to the redue-
tion of the time of year into months, that if all nations had the
same months, Hippoerates would not have spoken of Arcturus,
the Pleiades, and the Dog-star, or of equinoxes and solstices ;
he would have been satisfied with saying that at the com-
mencement of the Macedonian month of Dius, for example, (™)

(86) Thus Tiberius deelined a proposal to call September Tiberius,
and October Livius, Suet. Tib. 26. Caligula gave September the name of
Germanicus, in honour of his father, Suet. Calig. 15. Nero ordered April
to be ecalled after his name, Neroneus, Suet. Ner. 55 ; Tae. Ann. xv. 74,
xvi. 12. Domitian changed the name of September into Germanicus, and
of October into Domitianus. Suet. Domit. 13: Maerob. Sat. i. 12, 36;
Martial, ix. 2 ; Plut. Num. 19. Upon this last unsuccessful attempt, Ma-
crobius gays :—* Sed ubi infaustum voeabulum ex omni @®re vel saxo placuit
eradi, menses quogue usurpatione tyranniem appellationis exubi sunt:
cautio postea principum emterorum dirt ominis infausta vitantium mensibus
a Septembri usque ad Decembrem prisca nomina reservavit.” Commodus,
however, made a similar attempt at a later date on a larger scale. Hero-
dian, i. 14; Dio Cass. 67, 4; 72, 15; Suid. in Kéuodos. Lamprid. in vit.
¢.11. The Senate decreed that the months of September and October were
to be ecalled Antoninus and Faustinus, in honour of Antoninus Pius ; but
he declined the honour: Jul. Capit. in vit. Anton. Pii, ¢. 10. The Em-

eror Tacitus ordered the month of September to be called by his name,
opise. in vit. Tae. ¢. 13. See Censorin. ib. ad fin., and compare Grav.
Thes. Ant. Rom. vol. viii. p. 305.
(87) See Becker, vol. iv. p. 233-438.

(88) Gralen was born about 130, and died about 200 .. The lifetime
of Hippocrates extended, according to Clinton, from 460 to 357 e.c. He
therefore preceded Galen by about 500 years.

(8g) Dius was the first month of the Macedonian year, which began
at the autumnal equinox. It nearly eorresponds with Oectober. The
proper form of the name is 6 Alos: it is printed ro Aiov in the text of

o |
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the temperature was in a particular state. But inasmuch as
the month of Dius is intelligible only to the Macedonians, but
is unintelligible to the Athenians and the rest of mankind, and
as Hippocrates wished to write what was useful to men of all
nations, it was best for him to mention the equinox alone,
withont naming any month; for the equinox is a physical
event, affecting the whole world; whereas months are local,
and differ in each nation.’(")

§ 6 Not only were the Greek States without any common
calendar of time, by reference to which days could be deter-
mined, but they had no common chronological era for the de-
signation of years. No trace of any such era appears either in
Herodotus or Thucydides. Both of them denote a series of
vears by stating the interval between the event in question and
their own lifetime: or by stating the interval between the
event in question and some other previons event, the time of
which is assumed to be known. Thus Herodotus informs us
that the Trojan war preceded his own time by 800, the poets
Hesiod and Homer by 400 years.(") The same historian reports
the statements of the Egyptian priests that 900 years had
elapsed between the death of King Moeris and their own
time ;(™) and that 17,000 years had intervened between the time
of Hercules and the reign of Amasis;(") also the statement of
the Tyrian priests, that 2300 years had elapsed since the foun-
dation of Tyre.(*)

In like manner, Thueydides fixes the date of the passage of
the Siceli into Sicily, by stating that it happened 300 years

Galen, but the correct reading is 7o Alov; i.e. 7o dvopa Toi Alov. See
Clinton, Fast. Hell. vol. iii. p. 350.

(po) See Hippoerat. Epid. 1, vol. xvii. part 1, p. 19, ed. Kiihn. The
_Acl:eaua held their annual elections at the rising of the Pleiads, Polyb.
v. d7.

(g1) 1i. 53, 145, (92) ii. 13. (93) ii. 43.

(94) 1i. 44. On the chronology of Herodotus, see Rawlinson's Herodotus,
vol. 1. p. 111.  Mr. Rawlinson, though desirous of doing justice to Hero-
dotus, seems to me not to make suflicient allowance for the helpless posi-
tion of a historian writing at a time when there was no recognised chro-
nological era, and no certain chronological data for distant periods.
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before the foundation of Naxos, which preceded his own birth
by about 550 years:(*¥) he states that the interval between the
legislation of Lycurgus and the end of the Peloponnesian war
was a little above 400 years.(*) He speaks of Melos as having
been founded 700 years before its capture. He likewise
reckons the interval from the building of triremes for the
Samians by Ameinocles of Corinth, and from the sea-fight
of the Corinthians and Coreyrieans, to the end of the same
war respectively at 300 and 260 years.(*”) TFor the Pelopon-
nesian war, the mam subject of his work, he counts from the
beginning of the war, and makes the first year of the war his
era, to which the successive years are referred.

Xenophon adopts a mode of chronological notation similar to
that employed by Thueydides.(*)

An era or epoch is a conventional point of past time, deter-
mined by counting back from the present time, and used as a
fixed point of reference for chronological purposes. The refe-
rence may be made by reckoning the years after it ; as when a
date is fixed by the years after the era of Nabonassar, after the
foundation of Rome, after the birth of Christ, after the
Hegira : or by reckoning the years before it, as when a date is
fixed by the years before the birth of Christ. This simple and
convenient contrivance, by which alone a clear idea can be
formed of the chronological relations of past events, was un-
known to the anecients, until the time when the Greeks at-
tempted to establish an era by counting from the first Olym-
piad, and when the Romans, at a later period, reckoned by the
vears from the foundation of their city. Timzus, who died
about 256 B.c., is stated to have been the earliest historian who
made a systematic use of the Olympic era:(*) it was always

(05) vi. 2.
(g6) i. 18. The date of the last year of the Peloponnesian War is
404 B.c.

(o7) v. 112, 1. 13.
(95) See Schneider ad Xen. Hell. 1. 2. 1.
(9g) See Polyb. xii. 11
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confined to historical and literary writers, and never passed into
use in civil and political life. (')

The era of Nabonassar appears to have been used only for
astronomiecal purposes.

The Greeks frequently reckoned dates from the Trojan war,
assuming it to be a historical event, determined chronologically.
Thus Thucydides states that the Beeotians migrated from Arne
to Beeotia sixty years after the capture of Troy, and that the
Dorians conquered the Peloponnese eighty years after the same
epoch.(1™) All the subsequent Greek writers use the Trojan era
occasionally, as a point of reference. DBut neither the Trojan
war nor the first Olympiad ever became a fixed era for all
Greeks, as the birth of Christ has become to Christian nations,
and even as the Hegira has become to Mahometan nations.

In like manner the Romans reckoned from the foundation of
the city ; and sometimes from the expulsion of the kings or the
(iallic conflagration. In Rome, however, the official mode of
designating the year was by the name of the annual consuls ; a
similar mode of designation was generally adopted in the Greek
states—thus, at Athens, an annual archon, at Sparta an ephor
was epoiymons, that is, he gave his name to the year.(') In
many cases a priest or priestess, or other sacred officer, per-
formed this function ;(') doubtless on account of the connexion
of the civil calendar with periodical rites of the national reli-
gion, to which reference has been already made.

The reckoning of the year by the names of the annual ma-

(100) See Krause's Olympia, p. 58.

(ro1) i.12. Coneerning the Trojan era, see Clinton, F. H., vol. i
p- 123 ; Fischer’s unfinished Griechische Zeittafeln, p. 3.

(102) See Dodwell de Cyclis, p. 320; Manso Sparta, vol. ii. p. 379;
Miiller, Dor. 1. 7, 7.

(103) See the enumeration of eponymous sacerdoial officers in K. F.
Hermann, Gottesdienstl. Alt. der Griechen, § 44, n. 10. Thueyd. ii. 2, fixes
the beginning of the Peloponnesian war by saying that it fell in the
archonship of Pythodorus at Athens, the ephoralty of Enesius at Sparta,
and the 45th year of the priesthood of Chrysis at Argos. The Hierom-
nemon was the eponymous magistrate at Byzantium, Demosth. Coron.
p- 2565 ; Polyb. iv. 52, Compare Miiller, Dor. 1. 9. 10.
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gistrates implied an era, because the registration of the names
was continuous up to a certain point. But the conversion of
the names into a numerical date must have often required refe-
rence or calculation, and could only have been obvious to the
memory for recent years. Yet the Romans appear to have used
this mode of chronological notation not only for civil, but also
for domestic purposes; thus they reckoned the year of their
birth by the names of the consuls; and they marked their wine-
casks, in order to denote the year of the vintage, by the names
of the same officers. (™)

The official or legal practice of designating the year by the
king’s reign—still practised in England—is similar in its na-
ture. It exactly corresponds to the determination by the year
of an officer who was not annual: as when Thucydides states
that the commencement of the Peloponnesian War fell in the
forty-eighth year of the Argive priestess, Chrysis. (1)

———— e B ——— —— — e - .

{1o4) Compare the following passages :
‘ Hie dies, anno redeunte festus,
Cortieem astrictum pice dimovebit
Amphorse fumum bibere institute
Consule Tullo."—Horat. Carm. 1ii. 8.

The ode to the Amphora begins :
* O nata mecum consule Manlio.'—iii. 21.
L. Manlius Torquatus, eonsul in 689 v.c. is meant. He is again alluded
to in Epod. xiii. 6: *Tu vina Torquato move, consule pressa meo.'

¢ Defluat, et lento splendescat turbida limo
Amphora centeno consule facta minor.’—Martial, viii. 45.
¢ Ipze capillato diffusam consule potat
Culeatamque tenet bellis socialibus uvam.'—Juv, v. 30-1.
Where Ruperti says: * Nam cadis inseribebantur nomina consulum,
uibus vinum condebatur.” A person dated his birth by the consuls; as
orace above, and Cie. Brut. 43. Horace dates his youth by a consul.
Carm. iii. 14. Ulpian, Dig. ii. 13, 1, uses the expression °dies et consul’
several times for the day and year. He lays it down that when the
plaintiff’ gives written notice of action to the defendant, he is not to add
the day and year: ‘editiones sine die et consule fieri debent.’ By *the
day ® is meant the day of the month. A complete Roman date expressed
the day of the month and the names of the consuls: for example, the day
of Casar’s assassination would have been dated ‘the Ides of Mareh, in
the consulship of Cigar and Antonius.’

(1o5) The twenty-sixth year of a fabulous Argive priestess, Aleyone (or
Aleinoe), who lived three generations before the Trojan war, was men-
tioned by Hellanicus, Dion. Hal. i. 22. A work upon the series of these
priestesses was written by Hellanicus, Fragm. Hist, Gr. vol. 1. p. xxvii,
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There is no visible phenomenon to mark the beginning or
end of a solar year, as there is to mark the beginning and end
of a lunar month. The sun has always the same appearance :
unlike the moon, it has no phases.('™) The commencement of
the year might therefore be placed at any point: wherever it
was taken, it would necessarily include the four seasons. The
Attie year began at the summer solstice ; and the same rule
was observed in several Tonic states. Sparta, with the other
Peloponnesian States, and Macedon, began their year with the
autumnal equinox: the Beeotian, Delphian, and Bithynian
years began at the winter solstice.('"”) The commencement of
the Roman year appears likewise to have been regulated by
the last-mentioned standard. January was the first month after
that which included the winter solstice.(”®) March, however,
continued to be the beginning of the year for many legal and
domestic purposes among the Romans, after the ecivil year
began with January. (")

In modern states, it is not unusual, notwithstanding the
prevalence of the established calendar, to make nse of a year
which does not begin on the first of January. Thus in England
the year for many municipal and parochial purposes is reckoned
from Lady-day or Michaelmas-day. The tenure of land is
generally computed by the same periods. In Scotland, the
period in contracts of landlord and tenant is often dated from
Lammas or Candlemas. As according to this system, the year
is reckoned between two days determined by the established

(106) See the description of the moon's phases in the verses of Sopho-
cles, Fragm. 713, Dindorf.

(107) K. F. Hermann, Griech. Monatskunde, p. 122-9.

(108) See the remarks of Plut. Quzst. Rom. 19. Simplicius, ad Aristot.
Phys. p. 400, b. ed. Brandis, says that different nations begin their year
at different periods : that the Athenian year begins at the summer solstice,
the year of the States of Asia Minor at the autumnal equinox; the
Roman year at the winter solstiee ; the year of the Arabians and Damas.
cenes at the vernal equinox. The word Mivwes is corrupt, and I am unable
to emend it. The small town of Minoa, in Crete [Murgac] cannot be
meant.

(1og9) Macrob. Sat. i. 12, § 1.
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calendar, no confusion or uncertainty is created by the de-
parture from the ordinary computation.

In the middle ages, the system, derived from the Roman
calendar, of beginning the year with the first of January was,
to a great extent, abandoned; and years commencing at dif-
ferent festivals of the Church were introduced.(™”) The most
prevalent of these was the year commencing on the festival of
the Annunciation of the Virgin, or Lady-day, March 25, which
was generally used in England from the fifteenth century, till
the abolition of the old style in 1752.(1)

§ 7 All credible testimony, and all antecedent probability,
lead to the result that a solar year, containing twelve lunar
months—determined within eertain limits of error—has been
generally recognised by the nations adjoining the Mediterra-
nean, from a remote antiquity. Some statements of ancient
writers, and some conjectures of modern eritics, are, however,
inconsistent with this conclusion, and point to the existence of
divergent years, wholly independent of the course of the sun
through the zodiac, according to the view of the ancients, or of
the periodic time of the earth in its orbit, according to the
Copernican system,

Thus the Arcadians are reported to have used a year of three
months, or four months (for its duration is variously re-
ported) ;('**) and the Carians and Acarnanians a year of six
months. (%) This short year is given as a reason for the fabu-
lous epithet of the Arcadians, which designated them as Prefu-
narians :(11%) 1t 18 stated that they had a year before it was regu-

(110) See Ideler, Chron., vol. ii. p. 325-343. Arago, Pop. Astr. b. 33,
c. 21.

(111) See the short Dissertation ‘On the Ancient Manner of Dating
the Beginning of the Year," in the Annual Register for 1759, vol. ii. p. 410.

(112) Censorin. c. 19, Plin. vii. 48, Maerob. Sat. i. 12, 9, and Solin. i.
§ 34, state the Areadian year at three months. Plut. Num. 15 states it at
four months.

(1i3) Censorin. 19; Augustin, C. D. xv. 12 ; Plut. Num. ib.; Macrob.
ih. . Solin. ib.

(114) spogédproi. See Schol. Apollon. Rhod. iv. 264. Eudoxus is here
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lated in Greece acecording to the moon’s course;('") but this
reason is insuflicient, for if their year consisted of months, it
must have been regulated by the moon. It was the solar year
from which this trimestrial or quadrimestrial period deviated.

A different, thongh not more anthentic, origin for this epithet
of the Arcadians was assigned by Aristotle, in the chapter of his
Collection of Constitutions which related to the Tegeates, an
Arcadian community. The great philosopher thought fit to
inform his readers that Areadia was originally inhabited by
barbarians, who were expelled by the Arcadians in consequence
of a battle fought before the rising of the moon.(%) Mnaseas,
who wrote about the beginning of the second century s.c. re-
sorted to another explanation : he converted the epithet into a
man, and derived it from Proselenus, an ancient king of the
Arcadians. (") In the feeble treatise on Astronomy ascribed
to Lucian, the epithet is explained by the supposition that the
Arcadians despised astronomy, and were ignorant of the
moon. (%)

These abnormal years are designated by Censorinus as ‘in-
volved in the darkness of remote antiquity ;’('?) and the short
yvears attributed to the Arcadians, Carians, and Acarnanians,
are probably not less unreal than the long year of thirteen

quoted as an anthority for the fable that the Arcadians were anterior to
the moon. Compare Ovid, Fast. 1. 469—
Orta prior luna, de se =i creditur ipsi,
A magno tellns Areade nomen habet.
Fast. ii. 287—
Ante Jovem genitum terras habuisse feruntur
Arecades, et luni gens prior illa fuit.

According to Steph. Byz. in "Apkag, Hippys of Rhegium first gave the
epithet of wpooréAnra to the Arcadians. See Frag. Hist. Gr. vol. 1. p. 12.
He appears to have been earlier than Herodotus.

Compare Lycophr. 482.

(115) Censorin. ib.

(r16) Ap. Schol. Apollon. ib.; Fragm. Hist. Gr. vol. ii. p. 133. Com-
pare the dissertation of] Heyne, de Arcadibus luni antiquioribus, Opusecula,
vol. ii. p. 332.353, who is not able to throw much light upon the origin of
the epithet.

(r17) Ap. Schol. Apollon. ib; Fragm. Hist. Gr. vol. iii. p. 150.

(118) De Astrol. 26,

(r1g) Caligine jam profunde vetustatis obdueti, c. 20.
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months and 374 days which is attributed to the Lavi-
uians. (")

§ 8 There are likewise numerous statements respecting a
short Egyptian year, which we shall have occasion to examine
hereafter, in connexion with the general subject of Egyptian
astronomy. (1*!)

Of the testimonies respecting a short Egyptian year, the
only one entitled to much consideration is that of Eudoxus,
who (according to the report of Proclus, a writer of the fifth
century after Christ) stated that the Egyptians designated a
month by the appellation of a gear.(**®) Now it i1s impossible
to suppose that, in the time of Eudoxus, the Egyptians were
unacquainted with the common solar year. The Egyptian
astronomy is, both by ancients and moderns, referred to a re-
mote date ; the Egyptian astronomers and geometers are sup-
posed to have been the teachers of the Greeks, as early as the
time of Thales and Pythagoras. Herodotus states that the
Egyptians were the first of all mankind who invented the vear,
and divided it into twelve parts.(™®) Macrobius affirms that
while other nations had erroncous years of different lengths, the
Egyptian year was always accurate.(***) We are even informed
that the Egyptian year was changed from 360 to 365 days, in
the year of the World 3716. The statement of Eudoxus cannot
therefore be supposed to mean that the chronological period of
a solar year, as received by other nations, was, in the fourth
century before Christ, about thirty years before the foundation
of Alexandria, unknown to the Egyptians,

If therefore the statement of Eundoxus referred to his own
time, the designation of a lunar month by the term year must

(120) Solin. § 34; Augustin, C. D. xv. 2.

(1z21) Below, ch. v. § 4, 7.

{122) el 0 pai & dnrar BEbdofor addgbic, b1t .-'u"_.-'il‘.ﬂ'.'ml Ty pijra Lwmauroy ied-
Aovp, obk v 1 TaEy ToAAGY TovTwy fvavtwy avapipgeg fxou T Yavpaeriv.
Proelus in Plat. Tim. p. 31, F., referring to the passage p. 22, B, & Zéws,
Eohwy, "EANgrec dei maidec ioTE,

(123) ii. 4. By dvodexa pipea, Herodotus must mean months.

(124) Sat.1.12, § 2.
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have been grounded on some peculiar phraseology, or have
been derived from some peculiar origin, as to the nature of
which we are uninformed. If, on the other hand, it referred
to the remote antiquity of Egypt, the statement cannot be re-
garded as deserving of credit; and it may be put on the same
footing as the many wild and extravagant stories concerning
the fabulous ages of that country, which Herodotus had heard
from the Egyptian priests about half a century ecarlier.

The statements of later writers, that the original Egyptian
year consisted of four months, or of three months—the division
being in one case determined by three seasons, and in the
other by four seasons—are apparently of late fabrication. They
are wanting both in external attestation and internal pro-
bability ; they are likewise accompanied with an etymological
legend, which represents the division of the seasons (dpar) as
the work of the Egyptian god and king Horus(™*)—a legend
which iz clearly of Greek origin.

The ancient Egyptians are, morcover, stated by some of the
late chronographers to have given the appellation of year even
to a day.("*) This statement appears to have been devised
merely as a contrivance for reducing the enormous periods of
time assigned to the fabulous antiquity of Egypt. Bailly uses
the same hypothesis for reducing the long periods cited for
the astronomical observations of the Chaldeans.(™™) It
is difficult to understand the meaning of this hypothesis, or
to give it any rational construction. The ancient Egyptians
must have been conscions of that period, consisting of twenty-
four hours of light and darkness, which we call a day, and
which the later Greeks denoted by the more precise name of

(125) Censor. 19, Orus, the son of Osiris, is described by Herodotus
as having been King of Egypt, ii. 144. Diodorus ealls him Horus, and
says that he was the last of the gods who reigned over Egypt, i. 25.

(126) See the Anonymi Chronologica prefixed to Malalas, p. 21, and
Malalas, lib. ii. p. 23, ed. Bonn. Suidas in fMwos. Chron. Pasch. vol. i. p. 81,
ed. Bonn,

(127) Astron. Anc. p. 295, 373, 377.
D
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voxOipepor.('¥)  The word which expressed this simple and
necessary idea must have been appropriated to it. If they had
not carried their observations of the sun’s course so far as to
form an idea of a year, they could have had no name for this
important measure of time. As soon as they formed an idea of
a year, they would naturally give it a name; but this name
must have been different from that by which they signified a
day. (1)

§ 9 The most celebrated, however, of the abnormal years
is the ancient Roman year, attributed to the institution of,
Romulus.

The belief in an original year of ten months was prevalent
among the antiquarian and historical writers of Rome. The
most ancient aunthority cited for it is M. Fulvius Nobilior, (1)
a contemporary of Cato the Elder, who was consul in 189 s.c.:
he had a taste for literature ; he had devoted a pecunliar atten-
tion to chronology; and had set up some fasti in a temple
which he erected to Hercules and the Muses.(’®!) Junius
Gracchanus, a contemporary of the Gracchi, who flourished
about the year 124 B.c., and wrote on legal and constitutional
antiquities, is likewise quoted as a witness to the same fact. (%)
Varro, the great antiquarian, whose lifetime extended from 116
to 28 B.c., is also stated to have accepted the decimestrial year
of Romulus: and the same current article of national faith was
adopted by Ovid, in his Fasti; by Suetonius, who wrote a trea-
tise on the Roman year; and by Macrobius, Gellius, and
others,

(128) It occurs in 2 Cor. xi. 25.

(129) Curtius, viii. 33, states that the Indians used months of fifteen
days. A month of fifteen days, like a year of three or four months, is
doubtless fabulous.

(iz30) Censorin. de D. N. ¢, 20, 22. The work of Censorinus was
composed in 238 A.p.

(r31) He is likewize mentioned as treating of the etymologies of Maius
and -]3 unius, and i3 cited as a testimony to another chmnayfngical point,
in Macrob. Sat. i. 12, § 16; i. 13, § 21.

(132) Censorinus, ib. See Mercklin, De Junio Gracchano Comm. i. ii.
Dorpat, 1840, 1841.
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The accounts of the decimestrial year of the Romans,
delivered to us by the ancient writers, differ not only in
details, but also (as we shall see presently) in fundamental
points ; the following, however, may be considered as an outline
of the most generally received version of the story.

Romulus, at the foundation of the Roman state, instituted a
year of ten months, or 504 days, which he borrowed from Alba,
the mother-city of Rome, and birthplace of his parent Ilia.
He appointed Martius and Aprilis to be the two first months
of this year, in honour of his father Mars, and of Venus, the
progenitress of the Encan race; the name Aprifis heing
referred to agpog, or Aplkrodife.(*™) Having given the place of
honour to the gods of his own family, he named the two next
months from the people whom he was about to govern ; namely,
Maius, from the wmajores, or elders, and Junius, from the
guniores. The remaining six months received no allusive appel-
lations, but were named by him numerically, in their order, from
Quintilis to December. Of the ten Romulean months, April,
June, Sextilis, September, November, and December had thirty
days ; and March, May, Quintilis, and October had thirty-one
days: thus making the sum of 304 days (180 + 124 = 304).(**)

—

(133) The derivation of Apriliz from 'Adpodiry iz attributed to Fulvius
and Gracchanus by Varro, L. L. vi. § 33. Censorin. e. 22, Ovid is copious
upon this courtly theme, Fast. iv. 19—40 :—

8i qua tamen pars te de Fastis tangere debet,
Ciesar, in Aprili quod tuearis habes.
Hie ad te magni descendit imagine mensis,
Et fit adoptiva nobilitate tuuns.
See also iv. 61—4.
Qui dies mensem Veneris maring
Findit Aprilem.
Horat. Carm. iv. 11.
where the epithet marina alludes to the derivation from agpds.

(134) See Censorin. de D. N. 20, 22; Macrob. Sat. i. 12, § 3—5, 38,
Gell. 1. 16. Festus in Martius, p. 150, ed. Miiller. Serv. Georg. i. 43.
Plut. Num. 18, 19 ; Ovid, Fast. i. 27—42, iii. 75—100, 119—122, 149—
50; Solin. i. 35 ; Lydus de Mens. i. 14, 16,

Aunsonius, in two epigrams among his Eclogm, entitled Monosticha
and Disticha de Mensibus, has these verses :—

Martius antiqui primordia protulit anni.
Martius et generis Romani presul et anni
Prima dabas Latiis tempora consulibus.

D 2
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All anthorities seem to have agreed in making the year of
Romulus commence with the month of March; though the
place of that month in the solar year must have been extremely
variable, if the civil year, consisting of only 304 days, was un-
corrected by intercalation. They likewise were unanimous in
supposing, that the numerical names of the six months from
Quintilis to December originated in this fact.(1%°*) But there was
much discrepancy of opinion as to the origins of the names of
the other four months. Some said that Martins was made the
first month of the year, and obtained its name, on account of
the warlike character of the people.(®®*) Others thought that
Romulus had a deeper meaning in the names which he gave to
the first two months. They supposed that he named the first
from the god of slaughter: and the second from the goddess of
generation, by whom the evils flowing from the deeds of man
were repaired. Other explanations were likewise given for the
names of these two months: one found in them a reference to
the zodiac(*®) ; another denied that the name of Venus was
known at Rome under the kings, and derived Aprilis from
aperire, becanse April, the commencement of spring, opened the
life of the year, after the torpor of winter.(*”) The derivation

(135*) Thus Solinus says :— Maxime hunec mensem principem testatur
fuisse, quod qui ab hoe quintus erat, Quinetilis dictus est, deinde numero
decurrente December solemnem cirenitum finiebat intra diem trecentesimum
quartum, i. 35.

(135") See Festus in Martius. So Ovid, in explaining the origin of
the name of this month, says:—

Mars Latio venerandus erat, quia presidet armis ;
Arma fere genti remque decusque dabant.
Fast. 1ii. 85, 6.

(136) Aries was assigned to Mars, and Taurus to Venus. Scorpius
was likewise divided between Mars and Venus. The sting was assigned
to Mars, and the anterior part to Venus—the libra of the Latins and {vyis
of the Greeks—because this goddess united persons in the yoke of matri-
mony.

(137) In this explanation of the name Aprilis, as given by Macrobius,
Cincius the antiquarian, and Varro, L.L. vi. g 33, eoncurred. It 18 alluded
to by Ovid, Fast. iii. 85—90, whose loyalty to the Julian family is, how-
ever, shocked at the idea of rejecting the derivation of April from Venus,
ib. 115—24. Greswell, Origines Kalendarie Italicm, vol. i. p. 161, thinks
that the month Martius derived its name from the planet Mars, and that
the month Aprilis was named from aperire, in the sense of the opening
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of Aprilis from aperire overlooks the fact that with a year of
304 days, April would not always have been a spring month.
The second year of Rome would have begun on October the
31st, so that April would have fallen in December, and have
been a winter month.

The origins assigned for the name Maius are even more
various. The month was said to have been borrowed from
Tusculum, where the chief god was named DMaius. Cin-
cius derived Maius from Maia, the wife of Vulcan. According
to other etiologists, it was derived from Maia, the mother of
Mercury, or from Maia, goddess of the earth, and Bona Dea,
who had numerous titles and attributes. Ovid is perplexed as
to the true origin of the name Maius, and professes himself
as unable to choose among the many explanations proposed. (')
He mentions three as equally probable. 1. Majestas, or sove-
reign power. 2. Majores natu, corresponding with Junius, from
Juvenes. 3. Maia, one of the Pleiads.(1*?)

He is likewise in doubt as to the origin of the name Juuius,
and traces it, 1. To Juno, referring to other examples of the same
name.('*) 2. To Hebe, (Juventas) wife of Hercules. 3. To
Juniores. 4. To the junction of Romulus and Tatius.(**) Others
supposed the month Junius to have taken its name from Junius
Brutus. ()

The original year instituted by Romulus is stated to have
been reformed by his successor Numa. The reform of Numa
1s thus deseribed.('*¥) To the year of Romulus, which consisted

month. But the month Martius was doubtless so called by the Italian
Eatiuﬁs long before they had received the names of the planets from the
reeks.

(138) Fast. v. 1—6. [139} Ib. 11—110.

(140) Fast. vi. 50—63. There was a month "Hpaios in Crete, Bithynia,
and Delphi.

(141) Fast. vi. 1—100.

(142) See Macrob. Sat. i.12; Plut. Num. 19; Serv. Georg. i. 43.
Concerning the names of the ]iﬂmzm months, compare Merkel ad Ovid.
Fast. p. Ixxix.

(143) See Macrob. i. 12, 13 ; Censorin. 20. Ovid, Fast. i. 43, 1. 47,
iil, lal states that Numa prf_iu.ml January and ]ﬂcbruar_',-' to the ancient
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of 304 days, he added fifty-one days; thus making a year of
3565 days. These 355 days he distributed between the ten
existing months and two new months, January and February,
which he prefixed to the year; so that March now became the
third month ; and the months beginning with Quintilis, which
were founded upon a numerical nomenclature, were all mis-
numbered by two. The month Januarius was named from the
god Janus: the month Februarius was named from the god
Februus, who presided over ceremonies of purification. Numa
gave them the place of honour, at the beginning of the year,
and assigned them a priority over the month of Mars, in his
character of a pacific and philosophical king.

As a year of 355 days was shorter than the solar year
by 10} days, Numa sought to bring it into harmony with
the sun by intercalation. He is stated to have effected this
purpose by intercalatimg a month of twenty-two or twenty-
three days in alternate years; which was borrowed from the
Greek system of intercalation, but, being inaccurately applied,
made the year too long.

The Greek system of intercalation to which allusion is
made, is the octaéteric cycle, attributed to Cleostratus. This
system was based upon a year consisting of 12 alternate

ten months. Florus, i. 2, and Eutrop. i. 3, say that Numa distributed the
{mr into twelve months., Vietor, de Vir 1ll. 3, states him to have distri-
yuted the year into twelve months, and to have added to it January and
February. According to Lydus, de Mens. i. 16, iii, 4, Numa made a year
of twelve months, and reconciled the courses of the sun and moon. He
also prefixed January and February to the year: making it begin in the
middle of Capricorn; at which time the day has lengthened by half an
hour since the winter solstice. (In our latitude, the increase of the day
in the ten days from Dee. 21 to Jan. 1, 18 sixteen minutes.)

The popular belief that the year of Romulus consisted of ten months,
and that it began with March, was referred to at Rome in interpretation
of a Sibylline prophecy, in the time of Belisarius, 537 Ao.p. Procop. de
Bell. Gotib. i. 24.

Serv. Georg. i. 43, states that the original Roman year consisted of ten
months, and that March was its first month. Tibullus, iii. 1, 1, says that
March was originally the first month of the year.

Suidas, in Novpag Hopmiliog, says of Numa : éviavréy e wparog elparo,
élg Cudea pijvag Ty ghaskgy caraveipag wepiolor, YUIny 7€ kai arararoreg
warrawadse pe atrov wapd Pwpaiowg pepopirny,
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months of 29 and 30 days, and therefore containing 354 days.
The difference between this year and the solar year, being
11} days, was multiplied by 8, in order to avoid fractional
parts of a day, and to produce a number of days convenient for
intercalation. The intercalation obtained by this method for
an octennial period was 90 days, which was distributed into
3 months, and these were intercalated at convenient intervals.
According to the system aseribed to Numa, an equal number
of days was intercalated in a period of eight years, namely, two
months of 22 and two months of 23 days. But as his year
consisted of 355 instead of 354 days, there was an excess of
8 days in S years.

On the other hand, the intercalation aseribed to Numa is
more accurate than the most ancient method of intercalation
which Censorinus attributes to the Greeks. His statement 1s
that the Greeks, observing that the moon was sometimes at
the full twelve times and sometimes thirteen times in a solar
year, thought that lunar and solar time could be reconciled by
intercalating a month every other year. This period was, by
reckoning the two extreme years inclusively, called a tri-
eteris.('**) But the intercalation in question produced an
error of 71 days in excess of the true time for each biennial
period ; and deviated further from the truth than the interca-
lation attributed to Numa. Unless, therefore, we make the
comparison with the improved octaéteric system of Greek
intercalation, the method of Numa was less defective than the
primitive Greek method,

A somewhat similar account of the intercalation of Numa
is given by Plutarch ; but he arrives at it by an entirely dif-
ferent road. Plutarch mentions, indeed, the tradition which
assigns ten months to the year of Romulus; but he adopts
another version of the story, according to which the original
Roman year contained 360 days, distributed into months of

(144) e. 18. Compare Ideler, vol. i. p. 270. The difference is between
738 and 730} days.
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very unequal length, some having less than twenty days, some
having thirty-five days and even more: January and February
were the two last months of this year. Plutarch says that
before Numa the Romans were ignorant of the difference
between the lunar and solar years, and only sought to bring
the year to 360 days; but that Numa knew the true lengths
of these years to be respectively 354 and 365 days, with a
difference of eleven days, and that he introduced an intercalary
month, Mercedinug, of twenty-two days, in every alternate
year, by which the calendar was kept in harmony with the sun.
Numa likewise prefixed the months January and February to
the reformed year, probably, as Plutarch thinks, on account of
their vicinity to the winter solstice.('°) The difference between
the account of Censorinus and Maecrobius on the one hand,
and that of Plutarch on the other, with respect to the opera-
tion of Numa, is that the former supposes the year to which
the intercalation is applied to consist of 355 days, and the
intercalation to be of a month alternately of twenty-two and
twenty-three days; whereas the latter supposes the year to
consist of 354 days, and the intercalary month to consist uni-
formly of twenty-two days.

According to Plutarch’s supposition, the Roman calendar,
as reformed by Numa, would have exactly resembled the
Egyptian calendar, as assumed by the Sothiac period. With
the correction of the bienmial intercalary month, it took the
solar year at 365 days, and therefore lost one day in four years.
This is a nearer approximation to the truth than the method of
intercalation ascribed to Numa by Macrobius and Censorinus,
according to which there was an annual error of a day.

Valerius Antias, the author of a voluminous history of
Rome, who lived at the time of Sylla, declared Numa to have
been the author of the system of intercalation in the Roman

~ (145) Num. 18,19 ; Quest. Rom. 19. The passage at the end of e. 18,
%1 the Life of Numa, is repeated by Zonaras, vii. 5; vol. ii. p. 21, ed.
onn.
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calendar.('*f)  Cicero speaks of the system of intercalation
having been established by Numa on a scientific basis, but
as having been subsequently maladministered by the Pon-
tifices. (147)

Livy’s statement is, that Numa first divided the year, ac-
cording to the moon, into twelve months; and that, in order to
bring it into harmony with the sun, he arranged intercalary
months, so that the days coincided after a period of twenty-four
years.('*¥) This cycle of intercalation is not mentioned by any
other ancient writer with reference to Numa. Macrobius, how-
ever, states that it was introduced as a correction to Numa’s
calendar. His account (as we have already stated) is that the
intercalation of Numa was founded on the Greek octaéteric
system, by which ninety days were intercalated in eight years
of 354 days. But as the year of Numa contained 355 days,
there was an error of eight days in excess at the end of each
octennial period. In order to correct this error, the intercala-
tion in each third octennial period was afterwards reduced from
ninety to sixty-six days ; so that at the end of twenty-four years
the error was adjusted by the deduction of twenty-four days.('*)
The motive for committing an error in order to correct it sub-
sequently, seems to have been the desire of producing an inter-

(146) Antias libro secundo Numam Pompilinom sacrorum causi id
invenisse contendit. Maecrob. Sat. 1. 13, § 20.

(147) De Leg. ii. 12.

(148) i. 19. Livy does not mention the year of Homulus. Dionysius
mentions neither the year of Romulus nor the reform of Numa.

Livy seems to be ignorant of the meaning of solstitium, and to make
solstitialis in this guaaage equivalent to solaris. A similar misapplication
of the word is cited from Servius, ad Fn. iv. 653. The word solstitium is
lgméuonlj used by the Latin writers to denote the summer solstice: thus

vid—
Longa dies citius brumali sidere, noxque
Tardior hiberna solstitialis erit.
Ep. ex Pont. ii. 4, 25-6.

The phrase exortus solstitialis is used by Pliny, N. H. ii. 46, to denote
the north-east., Solstitialis orientis meta iz used by Gell. ii. 22, in the
8ame sense.

(r4g) Sat.i. 13, § 9—13.
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calary period which admitted of convenient distribution into
months. According to the plan described, three months of
thirty days apiece were intercalated in each of the two first
octaéterids ; and two months of thirty-three days each, or two
months of thirty days each, and six additional days, were inter-
calated in the third octaéterid: whereas if eighty-two days (which
would have been the correct number) had been intercalated
in each octaéterid, it would have been difficult to digest this
number into months. If the Roman year ever consisted of
355 days, it is not unlikely that this mode of intercalation was
applied to it ; but the conflicting accounts of Livy and Macro-
bius do not point to any certain historical result.(**)

An entirely different and peculiar account of the measures
consequent upon the original reform of Numa, by which the
year had been lengthened to 355 days, is given by Solinus.
He states that when it was perceived that the solar year con-
sists of 3651 days, they added 10} days to the reformed
year.(**)  This method, he says, was approved thronghout the
world, and various schemes of intercalation were devised on
account of the odd quarter of a day. The Greeks introduced
the intercalary eycle of eight years, which the Romans at first
adopted ; but the method was after a time disused, as the regu-
lation of the calendar was transferred to the priests, who admi-
nistered it corruptly, in order to suit the interests of the
farmers of the revenue; and it fell into confusion, until it was
reformed by Julius Czesar.(1*?)

(150) Siceama de Vet. anno Romuli et Nums, Graev. Thes. vol. viii.
p-83, supposes the Romulean year to have consisted of 354 days, and twelve
monthg, of which Mareh was the first, and January and February the last.
He supposes further that Numa altered this year by adding a day, and by
prefixing January and February to the beginning.

(151) Solinus supposes this to have been done for the purpose of pre-
serving the odd number of days, in obedience to the precept of Pythagoras:
whom he therefore connects with Numa. See below, n. 173.

(152) i. 39—44. Compare the commentary of Salmasius upon this pas-
sage, in his Plinianse Exercitationes. Salmasius points out the improba-
bility of the statement of Solinus, that the Roman year before the reform
of Uresar consisted of 365} days. .
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The version of the original institution of the year by
Romulus was not universally received by the Roman historians.
Licinius Macer, a contemporary of Cicero, who wrote a history
of Rome from the foundation of the city,('*) and is cited hy
Livy as having made researches into authentic docnments, (')
stated the primitive Roman year to have consisted of twelve
months ;(1*") and Fenestella, who lived about half a century
later, and likewise wrote a history of his country in at least
twenty-two books, shared this opinion.(1*%)

Plutarch likewise rejects the common account of the deci-
mestrial year of Romulus. He supposes the primitive Roman
yvear to have consisted of twelve months and 360 days, but to
have begun with March, and to have ended with January and
February.

The utmost discordance of testimony likewise exists with
respect to the introduction of intercalation into the Roman
calendar. Licinius Macer, who held the primitive Roman year
to consist of twelve months, stated that Romulus was the
author of intercalation. Junius Graechanus, who assumed
a primitive decimestrial year, supposed this corrective to have
been introduced by Servius Tullius. () Cassius Hemina and
Sempronius Tuditanus, two historians who lived in the second
century B.c.,('%%) stated it to have been first established by the
Decemvirs, in 451—49 B.c.; while Fulvius Nobilior placed its
introduction even as late as the consulship of Manius Acilius
Glabrio, 191 B.c., only two years before his own consulship.(*?)

(153) See Krause, Vit. et Fragm. Hist. Rom. p. 234.

(134) Livy, iv. 7, 20, 23. (155) Censorin. e. 20.

(150) Censorin. ibid.

(r57) See above, p. 34.

(158) Concerning Hemina and Tuditanus, see the anthor’s work on the
Credibility of the Early Roman History, vol. i. pp. 29, 30. Diﬂni‘ﬂluﬂ n-
cludes Sempronius among the Aoyiwraror rév "Popaior cvyypagiov, 1. 11.

(150) These statements respecting the origin of intercalation at:e‘in
Macrob, Sat.i. 13, § 20. Varro confuted the statement of Fulvius, by eiting
an ancient law engraved on a brass tablet, of the consulship of Pinarius Ellldd
Furius (472 B.c.), which was dated by a reference to intercalation. This
was also prior to the Decemvirate.
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Ovid likewise, in his Fasti, aseribes the introduction of interca-
lation to the Decemvirs.(!®) All that he assigns to Numa, is,
the conversion of the decimestrial year into a year of twelve
months, with January and February at its head.

This discordance of testimony, or rather of statement, (for
none of these writers, except Fulvius Nobilior, can be regarded
as witnesses) shows that no authentic account of the introduc-
tion of intercalation into the Roman calendar had descended to
the times of the historians. The earliest of these writers were
separated from the supposed reign of Romulus by 550, and from
that of Numa by 500 years. There is, morecover, no reason
for supposing that Gracchanus had access to better information
than Fulvius Nobilior respecting the introduction of intercala-
tion ; or that either of them knew more of the year of Romulus
than Licinius Macer.

The details of the intercalatory operation of Numa are like-
wise described by the different writers with irreconcilable
diversity. Censorinus and Macrobius differ from Livy, and all
three differ from Plutarch; while Solinus gives an account
different from all four. Whatever may have been the system
of the early Roman calendar, it is incredible that the regulators
of it could have possessed a scientific method of intercalation,
implying a tolerably accurate knowledge of the length of the
tropical year, in the eighth century before Christ, long before
the time when similar methods began to be applied to the
Greek calendars.

If it is admitted that the intercalation—which is an essential
part of the operation ascribed to Numa—is unsupported by
credible evidence, all that remains is the decimestrial year
of Romulus, beginning with March ; and the addition of
January and February at the commencement of this year, by

(160) Postmodo creduntur spatio distantia longo
Tempora bis quini continuasse viri.
Fast. ii. 53-4.
The meaning of this obscure couplet seems to be, that the Decemvirs
harmonized, or equalized, the years which were of different lengths.
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Numa. Now this part of the story has all the appearance of
a legend invented partly on verbal or etymological, and partly
on religious grounds. The numerical names of the months
from Quintilis to December, which were manifestly counted
from March, naturally suggested the notion of a decimestrial
year. It was thought that if the primitive year had contained
twelve months, the nomenclator would not have stopped at
December, but would have denoted the two remaining
months by the names of Undecember and Duodecember. But
there is no good reason why this system of numeration (which
seems to have been peculiar to the Roman ecalendar) should
have been carried consistently through all the months. The
numerical naming was capricious, it began at the fifth month;
why should it not stop at the tenth? January and February
may have been the last, instead of the first months of the
year; as indeed Plutarch states them to have been. Cicero
plainly declares that February had in ancient times been the
last month of the year.('") A fragment of Varro also alludes to
some ancient time when March was the first and February the
last month of the year.('®) Ovid declares that February was the
Jast month of the ancient Roman year. () The Terminalia,
which were considered the last in the series of festivals, were cele-
brated on the 23rd of February; and after this day the inter-
calary month was inserted in years of intercalation ; (***) that is

(161) Sed mensem, eredo, extremum anni, ut veteres Febrnarium, sic
hic Decembrem sequebatur. Ciec. de Leg. ii. 21.  The rest of the passage
is mutilated, but the meaning of these words is clear and certain.

(162) Varro, Epiﬂl.. (Juzest. ap. Serv, Gearg. i. 43. Other fragu:.euta
from the same work are in Varro, vol. i. p. 194, ed. Bipont.

(163) Sed tamen, antiqui ne nescius ordinis erres,
Primus, ut est, Jani mensis et ante fuit,
Qui sequitur Janum, veteris fuit ultimus anni:
Tu quoque sacrorum, Termine, finis eras.
Primus enim Jani mensis, quia janua prima est:
Qui sacer est imis manibus, imus erat.
Ovid, Fast. ii. 47—52.
(164) The intercalation was after the 23rd of February, between the
Terminalia and the Regifugium, Maerob. i. 13, § 15; Censorin. 20,
Terminalia, quod is dies anni extremus constitutus ; duodecimus enim
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to say, it was added near the end of the final month of the year.
Macrobius remarks that the custom of making the intercalation
in February proves it to have been the last month.(1%) There
was nothing which necessarily fixed a month of a certain name
to a particular place in the series. Ovid mentions the place of
March in various Italian States; it was third, fourth, fifth, sixth,
and tenth in different calendars.('%)

Starting from this explanation of the mames of the num-
bered months, the historical etiologist would naturally assign
the origin of the decimestrial year to the founder of the State ;
and he would complete the scheme by ascribing the reform of
this rude and primitive calendar to Numa, the founder of
sacred rites and institutes, because the calendar was considered
a matter of religious concern, intimately connected with the
times of sacrifices and festivals, and consequently placed under
the control of the priests.

The whole story may therefore be considered as an expla-
natory legend, invented to account for the places in the calendar
occupied respectively by January and February, and by the six
months bearing numerical names. The notion of the founder,
Romulus, a warlike youth of eighteen, establishing a calendar,
belongs to fable, not to history; the month Martius, which
Romulus is supposed to have named from Mars, and to have
placed, in honour of his divine parent, at the head of the year,
was not peculiar to Rome. There was a month of the same
name in the calendars of Alba, Faleri, Aricia, Tusculum,

mensis fuit Februarius; et gnum intercalatur, inferiores quinque dies duo-
decimo demuntur mense. arro, L. L. vi. 13.

According to Augustin, C. D. vii. 7, January was dedicated to Janus,
and February to Terminus, ¢ propter initia et fines." He seems to consider
February as having at one time been the last month of the Roman year.

(165) Sat. 1. 13, § 14,

Philargyrius ad Georg. iii. 304, likewise considers February as the last
month in the year, of which March was the first month. He makes this
statement in explanation of the Fasﬂage of Virgil, in which he speaks of
Aquarius as marking the end of the year. This constellation sets in
February.

(166) Fast. iii. 87—96.
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Laurentum, Cures, the /Equicoli, the Hernici, the Peligni, and
the Sabines.(*?) The Bithynian year likewise had a month
*Apsoe.(*®)  Moreover, even if the derivation of Aprilis from
Aphrodite were true, it would not prove any connexion with
the /Eneade and the Alban race of kings, for a month
Aphrodisius was extant in several Greek calendars.() The
existence of Venus as a Roman deity in early times was like-
wise denied by the antiquarians, Cincius and Varro.('"°) Both
the original institution of Romulus, and the reform by his
successor Numa, are, like the other measures attributed to the
agency of these mythical kings, destitute of authentic attesta-
tion. The story is, moreover, delivered to us with the wide
and insoluble discordance which is the characteristic of legen-
dary tradition. In particular, the introduction of intercalation,
by which the defects of the rude primitive year are supposed to
have been rectified, is related with every variety of circum-
stance. It was attributed to Servius Tullius as well as to
Numa ; it was also ascribed to the Decemvirs; and the earliest
and apparently the best authority placed it as late as
191 B.c.(!™) Even those who supposed a primitive year of ten
months were not unanimous in assigning the introduction of
the twelve month year to Numa; for Gracchanus considered
this important change to have been made by Tarqguin.('")
With respect to the method of intercalation which Numa is
stated by Macrobius to have borrowed from the Greek system,

(167) Ovid, Fast. iii. 89—98.

(168) Hermann, Griech. Monatskunde, p. 47.

(16g) Ibid, p. 48.

(170) See Varro, L. L. vi. § 33 ; Macrob. Sat. 1. 12, § 13.

(r71) A singular story respecting the origin of the short duration of
February is told by Dio Cassius, and is repeated by later writers. The
accuser of Camillus is stated to have borne the name of Februarius, and
when Camillus returned to Rome after his exile, he curtailed the month
which bore his accuser’s name, in revenge for the injury done him. See
Dio Cass. Fragm. 27, ed. Bekker; Suid. in ®e8povdpioc and Bpijproe, Ma-
lalas, p. 183, ed. Bonn ; Cedren. vol, i. p. 203, ed. Bonn.

(172) Censorin. e. 90, who does not specify which Tarquin is meant.
It is probably Tarquinius Priscus.
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but to have applied incorrectly, it may be observed that the
invention of this system is attributed to Cleostratus, a Greek
astronomer who was posterior to 500 p.c., whereas the reign
of Numa is placed by chronologers at 715-673 B.c., at least a
century and a half earlier. The derivation of the intercalation
of Numa from the octaéteric system of Cleostratus involves,
therefore, an equal anachronism with the derivation of his
philosophy from that of Pythagoras.('*)

The inferiority of the Romans to the Greeks in astronomy,
as well as in other departments of physical science, is fully
recognised by the Latin writers. Virgil expressly includes
astronomy among the subjects in which he proclaims the pre-
eminence of the Greeks, while he vindicates to Rome the
mastery in the art of government.(™) The Romans were the
tardy pupils of the Greeks in astronomical and mathematical
science ; and it may be safely assumed that while the astrono-
mical science of the Greeks was in its infaney, that of the
Romans had scarcely an existence. .

The acecount of Numa’s intercalation, whether it be in the
form of a month of twenty-two days in alternate years, or of
sixty-six days in an octaéteris, assumes that his year consisted
of 355 days. There is, however, a record of a statue of Janus,
dedicated by Numa, which was furnished with symbols of 365
days, representing the year.('”) Whatever may have been the
date of this statue, the inventor of the story of its dedication

(173) See the author’s Inguiry into the Cred. of the Early Rom. Hist.
vol. i. p. 431 ; Schwegler, R. G. vol. i. p. 560.

(174) An. vi. 848. Compare Ovid, Fast. iii. 101—120, which assage
contains a singular pun upon the word sigaum, which signified both a con-
stellation and a military standard. The comparative recency of astronomy
among the Romans is stated by Seneca :—* Nondum sunt anni mille quin-
genti ex quo Grmeia stellis numeros et nomina feeit. Multeque hodie
sunt gentes, qua tantum facie noverint eccelum, que nondum sciant, eur
luna deficiat, quare obumbretur. Hoe apud nos quoque nuper ratio ad
certum deduxit.” Nat. Quest. vii. 25.

(175) Plin. N. H. xxxiv. 16. The statue of Janus, with its allusive
symbols, but without the mention of Numa, is deseribed by Maerob. Sat.
1. 9,§10; Lydus, de Mens. iv. 1; Suidas, in 'Tavevdpiog. Ideler, Chron.
vol. 1i. p. 34, thinks that the right reading in Pliny is 355.
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by Numa could not have recognised Numa’s year of 355 days
and the method of intercalation by which it was supposed to
have been rectified.

The improbability of a year differing from the true solar
year by 611 days is felt by Macrobius, who supposes that even
in the reign of Romulus, and before the reform of Numa, a
number of days, undigested into months, was added to the year
of 304 days, =0 as to bring it into harmony with the sun and
the course of the seasons.('"*) This correction, however, would
have been only one mode of intercalation; and if 1t was con-
stantly applied, there could be no reason why the sixty-one days
should not be distributed into two months, even if no provision
was made for the fraction of a day; and such a provision
could easily be made if the true length of the solar year was
known at Rome at the time attributed to Romulus, This sup-
position of Macrobius, while it betrays his consciousness of the
improbability of the Romulean year, entirely destroys the
essence and meaning of the traditionary account, because it
supposes the year of ten months to have been virtually a year
of twelve months. Ovid adheres to the spirit of the legend,
and makes the ancient Roman year really consist of only ten
months, He thus describes its length :

Ergo animi indoeiles et adhue ratione carentes
Mensibus egerunt lustra minora decem.

Annus erat, decimum cum luns receperat orhem.
Fast. iii. 119—21.

If the lustrum, or period of five years, was ten months too

(176) Sed eum is numerus [viz. 304 days] neque =olis cursui neque
lung rationibus conveniret, nonnunguam usu ven irﬂmt ut frigus anni wes-
tivis mensibus et contra calor hiemalibus proveniret : quod ubi contigisset,
tantum dierum sine ullo mensis nomine patiebantur absumi quantum ad 1d
anni tempus adduceret quo ewli habitus instanti mensi aptus inveniretur.
Sat.i. 12, § 39. It should be observed that, in a year of 304 days, there
could be neither winter nor summer months without intercalation. For
example, if, in the first year of Romulus, the year began at the same time
as our March, Quintilis or July would have been a summer, and Decem-
ber a winter month: but, in the third year, Quintilis would have held
1;{1& same place as our March, and December the same place as our
ugust.

E
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short, each year must have consisted only of ten months, and
there could not have been any interealation of undigested days.
On the other hand, the later chronologers, who assigned a
definite number of years to the reign of Romulus, and con-
nected them with the series of years reckoned from the founda-
tion of the city,('””) must have considered the years of Romulus
as ordinary solar years, and have disregarded the tradition of
the decimestrial year.

The account of the natal theme of Rome, cast by Li. Tarutius
Firmanus, an eminent astrologer, contemporary with Varro and
Cicero, likewise implies that the years of the reign of Romulus
were ordinary solar years, like those of the succeeding kings. Ta-
rutius fixed the conception of Rhea Silvia at the first year of the
second Olympiad (772 B.c.), the third hour of the twenty-third
day of the Egyptian month Choeak, and the birth of Romulus
at sunrise on the twenty-first of Thoth. By adding eighteen
years, the supposed age of Romulus at the time of the founda-
tion of Rome, we obtain exactly Olymp. VI. 3 =753 B.c., the
Varronian era for the foundation of Rome, from which the
received reckoning proceeds uninterruptedly in solar years.('7)

The Romulean year of ten months and 304 days is rejected
by Scaliger as incredible.('™) The year of 304 days is likewise
rejected by Dodwell, but he retains the ten months, by sup-
posing that they were not regulated according to the moon,
and were of sufficient length to make up an ordinary solar

(177) The reign of Romulus is reckoned by some ancient authors at
thirty-seven, by others at thirty-eight years : see Schwegler's Rom. Gesch.
vol. 1. p. 517.  Cieero, Livy, Dionysius, and Plutarch agree in the former
number. The seven kings of Rome are stated to have reigned 244, or, in
round numbers, 240 years, See the author’s Inquiry into the Early Roman
History, vol. 1. p. 527.

(r78) See Plut. Rom. 12 ; Solin. i. 18; Cic. de Div. ii. 47 ; Lydus, de
Mens. i. 14. Compare the author’s work on the Cred. of the Early Rom.
Hist. vol. i. p. 393. The 23rd of Choeak corresponds to Dee. 20, and the
21st of Thoth to Sept. 18, in the Julian Calendar, according to the table in
Ideler, vol. ii. p. 143. The pregnaney of Rhea was therefore reckoned by
Tarutins at nearly nine calendar months,

(179) De Emend. Temp. lib. ii. p. 172, ed. 1629.
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year.('®) This last hypothesis, it may be observed, destroys
the essence of the traditionary account, which supposes the ten
months to be ordinary lunar months, and connects them indis-
solubly with the number of 304 days, wanting sixty days, or
two ordinary months, to complete the number 364, Merkel, in
his Prolegomena to Ovid’s Fasti, considers the story of a deci-
mestrial year ending with December, and of the subsequent
addition to it of the months January and February, as apo-
cryphal.(1°1)

On the other hand, Ideler, though he abstains from dog-
matizing upon details, holds that there is no valid ground for
doubting of the existence of a decimestrial year in early
Rome;(***) and Mommsen, whose authority upon a subject of
Roman antiquity is of much weight, considers the primitive
Roman year of ten months and 304 days as a reality and no
fiction, though he admits that the accounts of it may have
descended to us in an inaccurate and imperfect form.(1%)

Mommsen calls to his aid the decimal argument, (***) to which
Ovid and Lydus had previously had recourse, for the purpose
of explaining the number of months in the Romulean year.(')
This, however, is a merely fanciful and arbitrary analogy, and
proves nothing. It would be as reasonable to use the duode-
cimal division of the Roman As, or of the day, as an argument

(180) De Cyeclis, x. § 108, p. 672.

Lord Macaulay, Hist. of Engl. ¢. xiv. vol. iii. p. 461, says of Dodwell :
‘He had perused innumerable volumes in various languages, and had
acquired more learning than his slender faculties were able to bear. The
small intellectual spark which he possessed was put out by the fuel.” Dod-
well was a man of great learning, and great logical acuteness, but was
destitute of judgment and good sense. ¢ Felicis memori®, expectans judi-
cium." I question whether his intellect was nmressﬂd by his knowledge.
On the contrary, his opinions would probably have been still more extra-
vagant, if he had known less of positive facts, and of the opinions of others.

(r81) Pref. ad Fast. p. Ixxvii. (Berlin, 1841.)

(182) Handbuch der Chron. vol. i1. p. 27.

(183) Die Rimische Chronologie bis auf Cesar (Berlin, 1858), p. 47.

(184) Ib. p. 50. Upon the universal use of the denary scale of arith-
metic in antiquity, see Aristot. Problem. xv. 3.

(185) Ovid, Fast. i, 31—6, iii. 121—6; Lydus, de Mens, i. 15.
E 2
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in favour of a year of twelve months. More weight may
appear to be due to the legal and customary periods of ten
months, which were in use at Rome during the listorical age,
and which the defenders of the decimestrial year regard as a
relic of the ancient calendar. Thus the mourning of widows
for their husbands was fixed by usage at ten months;(**) and
women are stated to have mourned a similar period for their
nearest relations. The rule with respect to children is stated
to have been that there was no mourning for children under
three years of age; that the mourning for children between
three and ten years of age was of as many months as the child
was years old ; and that the mourning for children above ten
years of age was of ten months.(*") The same period of ten
months is likewise stated by Plutarch to have applied to the
mourning for a father and a brother.(*®) Therule laid down by
Paulus, who flourished about 200 A.p., is that the mourning for
parents and children above six years of age is a year; for chil-
dren below six years of age a month ; for a hushand ten months ;
and for kindred of less degree eight months, (%)

The ancient customary period of ten months for mourning
cannot, however, be considered as proving the existence of a
primitive decimestrial year. It may more probably have arisen
from the period of pregnancy, which was commonly assumed
as equal to ten months, and it may have been extended from
the mourning for husbands to the mourning for other near rela-
tions. It appears that by the ancient Roman law a widow was

(186) Cicero, pro Cluent. 12; Ovid, Fast. i. 35. iii. 134; Seneca ad
Helv. c. xvi. § 1. Mﬂ_iiﬂres decem mensium spatium lugentibus viros dede-
runt. IDionysius speaks of the Roman matrons mourning a year (émadaig

parvoc) for Brutus and Publicola, as for their nearest relations, v. 48.
{‘]utamh, Publ. 23, makes the same statement respecting Publicola. Plu-
tarch, Num. 12, says that Numa fixed the longest period of mourning at
ten months, and that this was the period for widows. He repeats this
statement in the Life of Coriolanus, Cor, 39, Dionysius states that the ma-
trons mourned a year for Coriolanus, viii. 62. Seneca, Epist. 63, § 11,
states that the time of mourning anciently fixed for women was a year ; but
that men did not mourn.

(187) Plut. Num. 12. (188) Plut. Cor. 39.

(189) Sent. Recept. lib. i. tit. 21, § 13.
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prohibited from marrying within the ten months next after her
husband’s death.('™) This prohibition was extended to a year
by a law of the Emperors Gratian, Valentinian, and Theo-
dosius, in the year 381 a.p.(") Custom seems to have like-
wise extended the time of mourning for widows to a year in
later times; but the writers who speak of the period of a year
for mourning in early times merely use round numbers, and
do not allude to a decimestrial year. It should be observed
that mourning was limited to women at Rome: it was not
customary for men to mourn.('”) The period of mourning in
antiquity seems to have been short; in Sparta it was twelve
days; in Athens a month ; and in other Greek states it did
not exceed four or five months.('¥) The ten months’ credit
given for oil and wine, according to Cato, cannot be regarded
as evidence of an ancient decimestrial year ;(*) and the same
may be said of the term of ten months after the father’s
death, within which the furniture settled on a daughter was to
be supplied.(”) The hypothesis of Niebuhr that the twenty
years’ truce between Rome and Veil consisted of decimestrial
years is destitute of foundation. (')

An attempt has been made by some modern writers to prop
up the year of 304 days by a hypothetical substratum which

(19o) See Plut. Num. 12. Antony married Oectavia within ten months
of the death of her first husband Marcellus; but for this purpose it was
necessary for him to obtain a deeree of the Senate dispensing with the law.
Plut. Anton. 31. Compare Drumann, Geschichte Roms, vol. i. p. 424,

(191) Cod. Theod. iii. 8, 1; and see Cod. Just. v. 9, 1.

(192) Sen. Ep. 63, § 11. At the death of Augustus, a decree of the senate
commanded that men should mourn a few days, and women a year. Dio
Cass. Ivi. 43. The attendants at a Roman funeral were dressed in black,
Horat. Ep. i. 7, 6.

(193) Hermann, Privat-alterthiimer der Griechen, § 39, n. 34—6.

(194) De R. R. . 146—8.

(195) Polyb. xxxii. 13. The dos was payable within three years : there
is no ground for the supposition of Niebuhr, Rom. Hist. vol. iii. n. 107,
that eyclie years are meant ; though it is adopted by Rein, Romisches
Privatrecht, p. 194. By ‘ eyelie years’ he means years of ten months.

(196) See the author’s work on the Credibility of the Early Roman
History, vol. ii. p. 287.
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requires examination. Acecording to Censorinus, Macrobius,
and Solinus, the Romulean year consisted of four full, and
six hollow months, the former of which had thirty-one and
the latter thirty days (124 + 180 =2304) ; and at the reform of
the calendar this number was increased to 355 days. As the
additional fifty-one days were not sufficient to make two new
months, a day was taken from each of the six hollow months,
and the fifty-seven days thus obtained were assigned to the
two new months ; January having twenty-nine, and February
twenty-eight days.(**") The account given by the only three Ro-
man writers who describe the Romulean year in detail—the two
former of whom are learned and intelligent antiquarians—
therefore supposes that it was founded on a division of months,
by which the number of its days was determined.

The hypothesis above alluded. to proceeds from a rejection
of the constitution of the Romulean year, as described by
Macrobius and Censorinus, and finds an origin for it in the
nundinal, or eight-day period of Rome. The author of this
conjecture was Puteanus, a Dutch philologist of the sixteenth
century, who pointed out that 304 is a multiple of 8 (38 = 8 =
304). () Pontedera, an Italian writer of the eighteenth cen-
tury, added the remark that six years of 304 years nearly
coincide with five years of 365 days (1825 and 1826 days). (%)
This conjectural explanation of the Romulean year has been
developed by Niebuhr, and has been presented by him in a
more elaborate form. This historian adopts the derivation of
the Romulean year from thirty-eight nundinal weeks, which
measure of time he supposes to have been borrowed from the
Etruscans ; he likewise applies to the seculum of 110 years
the supposed Romulean lustrum of six years, corresponding

(197) Censorin. e. 20. Macrob. Sat. i. 12, § 3, 38; i. 13, § 1—7.
Solin. 1. 37—S8.

(198) See his Dissertation de Nundinis Romanis, ¢.5, 7, in Grev. Thes.
Ant. Rom. vol. viii ]]}. 653, 655. Concerning Puteanus, who lived from
1574 to 1646, see Bayle, Dic. in v, ; Biog. Umv. art. Dupuy (Henri).

(199) See Ldeler, vol. ii. p. 25. Pontedera lived from 1688 to 1757.
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with the ordinary lustrum of five years. Hence he obtains a
sieculum of 132 Romulean years. He next assumes that a
month of twenty-four days, or three nundinal weeks, was twice
intercalated during aseeculum of 132 Romulean years.(**) The
result is, that if the solar years be taken at 365} days, as in
the Julian calendar, a seeulum of 110 Julian years is less exact
than a s@culum of 132 Romulean years; for the latter makes
the solar year too short by Sm. 23s.: while the former makes
it too long by 1lm. 15s.(*") Hence Niebuhr thinks it pro-
bable that the Etruscans had fixed the tropical year at 365d.
bm. 40s.; that the FEtruscans, in the primitive ages of
Rome, were profoundly versed in astronomical seience; and
that the results, though not the scientific foundations, of this
science were handed down by tradition among the Ktruscan
priests. (***) Dr. Greswell, in his learned work, printed at the
Oxford University press, entitled Origines Kalendarize Italice,
has likewise attempted to prove, by copious argument, that the
Romulean year was founded upon a nundinal cycle. He con-
ceives that a nundinal year consisted of nine months of thirty-
two days, and of a tenth month of sixteen days ; but adverting to
the numerical coincidence pointed out by former writers, that six
years of 304 days are only one day less than five years of 365
days, he holds that the nundinal and solar years could be
adjusted to one another. (")

Upon this conjectural scheme of Niebuhr, Ideler remarks,
that 360 1s not less a multiple of § than 304 ; and that 110

(200) Niebuhr, with his usual confidence in his own conjectures, lays it
down that the Roman antiquarians were mistaken in two of their sup-
ositions, viz., that the calendar of ten months was originally the only one
n use, and that it was afterwards entirely abandoned. Hist. of Rome, vol.
i. p. 282, Engl. Tr.

(2o01) Niebuhr assumes the seulum of 110 Julian years, upon Scaliger’s
calculation, at 40,177 days. A smculum of 132 Romulean years, with 43
intercalary days, makes 40,176 days (132 x 304+ 48—40,176).

(202) Hist. of Rome, vol. i. p. 275—9, Engl. Tr. The hypothesis of
I‘}Tinhl.llllg 18 adopted by Ukert, Geogr. der Griechen und Romer, vol. i, part
Z, p- 163,

(203) Vol. i. p. 136, 142, 153,
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years of 360 days, together with twenty-four intercalary months
of twenty-four days, equally make up the sum of 40,176
days.(**) Miiller likewise, in his work on the Etruscans, re-
gards the hypothesis as too uncertain for adoption into a state-
ment of historical facts.(**) It may be added that nothing is
gained by the gratuitous assumption of a smenlum composed of
132 Romulean years; and that if the solar year of 365}, or even
of 360, days was known to the primitive Romans, there could
be no adequate inducement for forming so eapricious and in-
convenient a period as a year of 301 days, even although 304
days was a multiple of 8. The profound astronomical seience
supposed by Niebuhr to have been possessed by the Etruscans
in the eighth century B.c., is moreover opposed both to evidence
and probability. The Etruscans never made any advance in
physical and mathematical science, or even in historv and litera-
ture. Their nearest approach to astronomy consisted in their
observation of lightning for purposes of divination. (*")

We may therefore conclude that the Romulean year of 304
days derives no real support from the modern hypotheses
devised as props to the tottering structure; that it probably
never had any real existence, and was merely a fiction con-
trived to account for the numerical names of the Roman
months,

Dionysius describes Romulus as the author of the nun-
dinze ;(*'7) which was a market held at Rome every eighth day,
or, as the Romans expressed it,(*") every ninth day: reckoning

(zo4) Chron. vol. ii. p. 27.

(205) Etrusker, vol. ii. p. 329.

(206) See Miiller's chapter on the Calendar and Chronology of the
Etruscans, b. 4, ¢. 7, and his necessarily meagre chapter, b. 4, ¢. 8, upon their
seience and mental cultivation. Concerning the fulguratory discipline of the
Etruscans, see Miiller, vol. ii. p. 31, 41, 162-178. Compare the author’s
work on the Cred. of the Early Roman Hist. vol. i. p. 200.

Seven names of Etrusecan months, with their Roman equivalents, have
been preserved. See Mommsen, Rom. Chron. p. 278.

(207) Dion. Hal. 1i. 28.
~ (208) See Dion. Hal. vii. 8, where he says that seven complete days
intervened between each two successive nundinge.
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both days inclusively, in the same manner that the French
call a week eight days, and a fortnight fifteen days. Cassius
Sempronius Tuditanus, a well-informed historian of his country,
who flourished in the second century before Christ, referred the
origin of this institution to the arrangement made by Romulus
when he formed the joint kingdom with Tatius; and did not
therefore include it among his original institutions at the foun-
dation of the city.(*”) Cassius Hemina, a historian of the second
century B.c., and Varro ascribed its establishment to Servius
Tullius.(*'%) Other writers considered the observation of the
nundinge as a market-day to be subsequent to the expulsion of
the kings ; and to have originated in the honours paid by the
plebs to the manes of Servius, the plebeian king, on every
eighth day.(*'') It is clear that those Roman antiquarians who
attributed the origin of the nundine to Servius, or to the be-
ginning of the Commonwealth, could not have connected this
eight-day period with the constitution of the Romulean year.

The market-day at Rome seems to have been fixed at in-
tervals of eight days from motives of convenience.(*"*) There
is no valid reason for supposing that the nundinal period had
any connexion with the determination of the civil year, and of
the months into which the year was divided. The week, on
the other hand, as observed by several oriental nations, and as
ultimately adopted from them by the Romans, was an astrono-
mical division, being the fourth part of a periodic lunar
month. (*13)

(209) Ap. Macrob. Sat. i. 16, § 32.

(210) Ib. § 33, and e. 13, § 20.

(211) Ib. § 33. Macrobius, who attributes this opinion to Geminus,
appears to mean Geminus Tanusius, who was contemporary with Augustus.

(212) The nundine was a market-day, and was sacred to Saturn. Plut.
Quzst. Rom. 42 ; Cor. 19.
Compare Virgil's Moretum, v. 79-81 :—
Nonizsque diebns
Venales olerum fasces portabat in urbem,
Inde domum cervice levis, gravis mre, redibat.
There is a short title de Nundiniz in the Digest. L. 11.

213) Maerobius, Comm. in. Somn. Seip. i. 6, § 52, conceives the lunar
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§ 10 Besides the determination of the courses of the sun
and moon for the regulation of the calendar, astronomical ob-
servation in Greece was, at an early period, directed to the
fixed stars. Homer, in a passage which occurs, with slight
variations, both in the Iliad and Odyssey, specifies by name the
Pleiades, the Hyades, Orion, Bodtes, and the Bear, which last,
he adds, is also called the Wain ; alone, of all the constel-
lations, it remains constantly in sight, being never submerged
mn the waves of the ocean, and it keeps watch upon Orion.(*'*)
No reasonable doubt can exist that the constellations thus
designated by Homer were the same as those known by the
same names in later times. In particular, the Great Bear is
clearly defined by its relation with Orion, by its double name
of the Bear and the Wain, and by its never sinking below the
horizon.

Those who, in the days of Greek literature and erudition,
occupied themselves with the interpretation of Homer, sought
to find a satisfactory reason why the poet should have said that
the Bear aloine was never bathed in the ocean. Aristotle thinks
that he thus characterizes it, as being the best known among
the stars which never set.(**®) The solution of Strabo is
similar : he supposes that by ‘the Dear,” Homer designates all

month of {wenty-eight days as founded upon the septenary number. See
Bailly, Astr.'Anc. p. 32 ; ldeler, vol. i. p. 60, 87, 450-2, 'i'u]".rii, 175 ; Arago,
Pop. Astron. b. 33, e. 3; Winer, Bibl. Real Wirterbuch, art. Woche. Ac-
cording to Porphyr. de Abstin. iv. 7, the seasons of purification observed by
the Egyptian priests were sometimes of forty-two days [6x 7], and never
less than seven days. The division of the week is attributed by Gareilasso
to the ancient Peruvians, but erroneously. See Humboldt, Vues des Cor-
dilleres (Paris, 1816, 8vo.), vol. 1. p. 340.

(214) Iliad, xviii. 485-9; Od. v. 272.5. The difference consists in the
first verse, which in the 1liad is—ITAniadac 8" "Yadag e 70 re affivog "Qpiwvog,
and in the Odyssey is—IlApiafag 7" toopavre kai ifd ddovra Bowrnr.

The last verse is translated by Virgil, but is applied to both the Bears:

¢ Arctos, Oceani metuentes squore tingi.'—Georg. 1. 246.

The passage in the Odyssey is also imitated by Virgil, /En. ni. 516.

As to the meaning of the words 'Qpiwva doxel &, see Ldeler, Sternnamen,
p- 208. Concerning the origin of the constellations, see Buttmann, iiber
die Entstehung der Sternbilder, Berl. Trans. 1826.

(215) Kaird'eig &' dppopeg’ kard peragopdy® 70 ydp yrwpypwraroy povor,
Poet. c. 25.
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the arctic portion of the heavens.(*'®) One grammarian altered
the reading on conjecture, in order to save the poet’s astrono-
mical reputation ;(*'") while another thought it better to admit
that Homer erred through ignorance.(*') The most probable
supposition seems to be that the Great Bear was the only por-
tion of the arctic sky which, in Homer’s time, had been reduced
into the form of a constellation. (*'?)

The epithet ‘ tardily-setting,” applied to BoGtes, alludes to the
fact that his disappearance, inasmuch as the constellation is in
a perpendicular position, ocenpies some time ; whereas, as Aratus
signifies, his rising is rapid, being effected in a horizontal
position.(**)

Homer likewise designates Sirius, as being called the ¢ Dog
of Orion,” as appearing in the early autumn, as being a star of
peculiar brightness ; and as being of evil omen, because it
brings fever to mankind.(*!)

(216) i. 1, § 6.

(217) Crates read ofog &' dppopéc ior. Ap. Strab. ubisup. Iisemen-
dation 1s mentioned by Apollonius, but his text is corrupt.

(218) Apoll. Lex. Hom. in dpgopor. & 8 "Hhiolwpic ¢noe Bikreor Néyew
6re fyvder,  For 'HMwélwpog Heyne reads "Hpédwpog; but the name Helio-
dorus is correet. The Scholia on v. 489, suggest another explanation ;
viz., that the Bear is the only constellation mentioned in these verses
which never sets. Compare Heyne, Hom. vol. vii. p. 525. Nitzsch, Od.
vol. ii. p. 41. Schaubach, Geschichte der griechischen Astronomie, p. 15-
23 ; Delambre, Hist. de 1’ Astr. Ane. vol. i. p. 341; Ideler, Untersuchungen
iiber die Sternnamen (Berlin, 1809), p. 4-32.

(219) ‘ Apparemment il compte pour rien le Dragon et la petite Ourse,
parce que ces étoiles n'avaient pas de nom,” Delambre, ib. p. 342.

(220) The same peculiarity is alluded to by Catullus, Ixvi. 67, where the
Coma Berenices says :—

Vertor in occasum tardum dux ante Boiiten,
(Qui vix sero alto mergitur Oceano.
Ovid, Fast. 11i. 405, and Juv. v. 23, call him ¢ piger Boiotes.” Ovid, Met.
1. 178, calls him “tardus.” Claudian, de Rapt. Pros. ii. 190, piger. See
Ideler, Sternnamen, p. 49.
Quum jam
Flectant Tearii sidera tarda boves.
Prop. 1. 23, 24.
Cur serus versare boves et plaustra Bootes.
Prop. iii. 5, J5.
On the sudden rising of Bobtes, see Arat. 609, et Schol.

(221) Iliad, xxii. 26-31. Compare v. 5, where the same star is alluded

to. An oihwe dorijp is mentioned xi. 62. The obscure phrase vvkrog dpolyg
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Homer describes Ulysses as steering his course by the stars
in the open sea; and therefore the pole round which the starry
heaven turns must have been before his time identified with
the north : but he does not refer to the stars as indicating the
season of the year. Hesiod, on the other hand, in his Didactie
poem, frequently refers to them for the latter purpose. He
appears to be ignorant of any calendar of months by which the
time of year can be described. Thus he advises the husbandman
to begin cutting his corn at the rising of the Pleiads, and to
plough at their setting. He says that they are invisible for
forty days and nights, but reappear at the time of harvest.(**?)
He dates the early spring by the rising of Arcturus, sixty
days after the winter solstice (Feb. 19) ; which is soon followed
by the appearance of the swallow:(***) and he designates
this as the proper season for trimming the vines: but he
adds that as soon as the snail emerges from the ground, and
the Pleiads have risen, the care of the vines must cease.(**%)
He speaks of Sirius as characterizing the greatest heat of
summer.(***) He lays it down that the rising of Orion is the
season for threshing: he points to the time when Orion and
Sirius are in the mid heaven, and Areturus is rising, as proper
for the vintage : and he directs the husbandmen to plough at
the setting of the Pleiads, Hyads, and Orion.(***) He warns
the navigator to avoid the dangers of the sea at the time when
the Pleiads, flying from Orion, are lost in the waves.(**’) The
seasonable time for navigation ig, he says, sixty days after the

appears to be correctly rendered by ‘the dead of night,” by Buttmann in
his Lexilogus.

The passage in the twenty-second book of the Iliad is imitated by
Virgil, An. x. 274

(222) Op. et Di. 381—5.

(223) v. 562.

(224) v. 569.

(225) v. 585. Imitated by Alemus, Fragm. 39, Bergk. Sirius is twice
mentioned in the Hesiodean poem of the Shield of Hercules, as charac-
teristic of the heat of summer, Seut. 153, 397.

(226) v. 506, 607-615. (227) v. 616-27.
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summer solstice, when the heat of summer has come to an
end (Aug. 20).

There is reason to believe that the heliacal rising of Sirius
was observed as an epoch at an early period by the Egyptians.
It had a peculiar importance in Egypt on account of its coin-
cidence with the annual inundation of the Nile.(**®) The
Egyptian year began with the month of Thoth, which fell at
the time of the rising of Sirius; and this cireumstance gave a
name to the celebrated Canicular period, of which we shall have
occasion to speak hereafter.

It is clear that the annual motion of the stars, with respect
to their risings and settings, was known in the time of Homer
and Hesiod. Their nocturnal motion could not fail to be
observed almost as soon as the motion of the sun during the
day. It is alluded to by Homer as affording a measure of time
during the night.(**)

The ancients not unfreguently speak of the ¢ dances of the
stars.’(**°) This comparison is drawn from the circular dances

e

(228) See Ideler, vol. i, p. 125, 129, 328. ZEeipeog, or oupdc, 8 an adjective
signifying hot, scorching ; hence seiprog dorip is used for the sun by Hesiod,
Op. 415. oeipiog alone iz used by Archilochus and others for the sun,
fr. 42, Gaisford, with Jacob'snote, Hesych. in v. Eeipwog signifies the dog-
star in Hesiod. Eschylus, Ag. 967, and Soph. fragm. 941, have eeipiog xvw,
Compare Eurip. Hee. 1102; Iph. Aul. 7. Virgil, En. x. 273, has the
expression ‘ Sirius ardor,” where he imitates the Greek in making Sirius
an adjective. Comp. Porphyrius de Antro Nympharum, e. 24.

(229) Iliad, x. 251-3 :—

paka yap voE daverar, iyyub & s,
dorpa T (i) wpdifnes, Tappyneer 08 wAiwy pOE
roy (b0 potpawy, Tpirary ¢ £re poipa MENawra.
Od. xiv. 483 :—
al\' bre & Tpiya vukTog ey, pera & dorpa BeBnee.

The setting of the moon and the Pleiads is used to mark the middle of
th3 night in the fragment of SBappho, fr. 58, Bergk. Compare Anaereont.
Od. iii.

(230) xopeiar of the stars, Plat. Tim. p. 40, xopeior of the stars, Cen-
sorin. ¢. 13, dorpwr v ailépor xopoi, FKurip. El. 467. Dances of the planets
are mentioned in Manil. i. 669. Chorus astrorum, Stat. Achill. i. 643.

The following eouplet occurs in Darwin :—

Onward the kindred Bears, with footsteps rude,
Dance round the pole, pursuing and pursued.

Econ. of Veget. canto 1. v. 521.
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of the Greeks, and alludes principally to the motion of the
circumpolar stars,

The planets, on account of their motion among the other
stars, and the consequent irregularity of their risings and set-
tings, were not observed in early times. No planet is alluded
to by Hesiod, who uses the stars merely as a calendar.

Venus, the most brilliant among the heavenly bodies after
the moon, is mentioned by Homer under the names Hesperus,
as the fairest star in the heaven ;(*!) and also of Eosphorus, or
the morning star.(**) Hesperus is likewise alluded to by
Sappho, in some extant verses, as putting an end to the toils
of the day.(*®) The early Greeks did not identify the morn-
ing with the evening star. The discovery of their identity
is variously attributed to Pythagoras, Ibycus, and Par-
menides. (**)

§ 11 The religion and mythology of the early Greeks had
scarcely any reference to astronomy, or to an adoration of the
heavenly bodies. The worship of the powers of Nature, which
some modern historians have attributed to the Pelasgian, or
Prehellenie, period of Greece,(***) may have once existed ; but
its existence rests upon hypothesis, not upon testimony. It
was not till a comparatively late period that the god Helios was
identified with Apollo, or that Diana became the goddess of the

(231) Iliad, xxii, 318.

(232) Tliad, xxiii. 226 ; Od. xiii. 93. In the latter passage the morning
gtar 18 ealled dorijp gadvraroe. According to Varro, the star of Venus
guided Aneas from Troy to Latium, Serv. /An. ii. 801,

(233) Fragm. 96, Bergk.

(234) Diog. Laert. viii. 14, ix. 23 ; Stob. Ecl. Phys. i. 24; Plin. ii. 8.
Pliny dates the discovery by Pythagoras in Olymp. 42, 142 v. c. (=612
B.c.). Achill. Tat. e. 17, assigns the identification to Ibycus, who is placed
about 540 .c. Compare Karsten, Phil. Gr. Rel. 1. 2, p. 249, 255. The
authority cited by Stobzus for its being a Pythagorean doetrine is Apollo-
dorus in his treatise mepi fewv ; see Fragm. Hist. Gr. vol. i. p. 428,

{ﬂ_%,:;} See Miiller's Hist. of the Lit. of Anc. Greece, ¢. 2, § 3. Plato,
Cratyl. § 31, p. 397, eonjectures that the ancient Greeks, like many of the
barbarians, worshipped the sun, the moon, the earth, the stars, and the
heaven; hence he derives feoi from #eiv. But this is not a historical
testimony. Herod. iv. 188, says that the nomad Africans sacrifice only to

the sun and moon.
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moon.(*%) The sun and moon, though they were conceived as
celestial beings, driving their chariots across the vault of
heaven,(*) held quite a subordinate rank in the primitive
Pantheon, and were not included among the Olympian gods.
When certain stars had been formed into a constellation, and
designated by a certain name, the fancy of the mythologist
supplied a story to illustrate the name. DBut Otfried Miiller,
in his Treatise on Mythology, has shown clearly that the astro-
nomical mythi of the Greeks formed an unimportant part even
of their mythology, and were for the most part wholly uncon-
nected with their religion. (*%)

(236) Miller, Dor. ii. 5, 5. Eschylus identifies Apollo with the sun,
Sept. Theb. 859, and Diana with the moon, Xantr. fragm. 158. Dindorf.
In the fragments of the Phaethon of Euripides, Apollo is deseribed by
Merope as the esoteric name of the sun :—
& kahhieyyes "HAC, ds p' andleras,
kai Tovd . "AmdAdaw 8 év Bporois o dplas kaket,
Gorris T4 oydrT ovdpar olde Sapdvar.
This is a play upon the word *AmdAwy, on account of its resemblance in
sound to droMwwar, But in the story of Phaethon, Helius, not Apollo, is
treated as his father, and his sisters are called the Heliades.

Later writers identify :'Lllmllﬂ with the sun, and Diana with the moon.
See Cie. de N. D, ii. 27 ; Plut. de Orac. def. 7; Macrob. Sat. i. 17 ; Serv.
Mn. iii. 73; Augustin, C. D. vii. 16; Nonn. x1. 401. Ovid, Met. ii. 25,
makes Phabus not only the god of the sun, but also of the seasons and of
the calendar.

(237) Neither the sun nor the moon drives a chariot in Homer. But
Kos or Aurora has a chariot in a passage of the Odyssey, xxiii. 244-6, and
the names of her horses, viz., Lampus and Phaethon, are given.

The chariot of the sun is mentioned by Soph. Aj. 845; Eurip. Ton.
1148; Plut. Sept. Sap. Conv. 12. It is also an essential part of the story
of Phaethon, which 1s as early as Hesiod. The god of the sun is called
irmovdpas, Aristoph. Nub. 572. Alschylus speaks of the Aevkimwlos fuépa,
Pers. 386. The chariot of night oceurs in Eurip. Ton. 1150, and Andromed.
fragm. 1; Dind. : see likewise Theocrit. ii. 163, where in v. 166, dvrvf vvkros
means the ‘ vault of night,” not the chariot, as it is incorrectly rendered by
the Scholiast. In Mosch. 1d. ii. 38, dvrvé juiropos 18 the semicircular dise
of the moon ; its shape when it is in dichotomy.

The Roman poets are more frequent than the Greek poets in their
allusions to the chariot of the moon. BSee Owid, Fast. 1i. 110, iv. 374,
v. 16; Rem. Am. 258; Manil. i. 667; Claudian. Rapt. Pros. iii. 403 ;
Auson. Ep. v. 3. According to Manilius, the chariot of the sun has four
horses, that of the moon only two, v. 3. Nonnus, vii. 234, mentions the
chariot of the moon as drawn by mules.

(238) Proleg. zu einer Wissenschaftlichen Mythologie, p. 191 (p. 130
Engl. Tr.).
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The nature of the astronomical mythology of the Greeks
will best appear from a few examples.

The constellation of the Great Bear seems to have received
its name from its resemblance to the shape of an animal ; but
when it had acquired that appellation, it was connected with
the story of Callisto, a nymph loved by Jupiter, to whom she
bore Arcas, the mythical progenitor of the Arcadians. She
was first metamorphosed into a bear by Diana, as a punishment
for her breach of chastity, or by Juno from jealousy; and
afterwards being pursued by hunters, was saved by Jupiter,
and transferred to the skies as an asterism near the north
pole.(**¥) The mythologists accounted for the constant appear-
ance of the Great Bear above the horizon, by saying that the
ocean deities prevented their pure waters from being polluted
by the presence of the concubine of Jupiter. (*1)

A different explanation is given by Aratus: he supposes
both Bears to have been transferred from Crete to the heavens
by Jupiter, during the year when he was concealed by the
Curetes in the Idwean cave.(**)

(239) See Hesiod, Fragm. ed. Marckscheffel, p. 353 ; Ovid, Met. ii.
401-530 ; Callimachus ap. Schol. Il. xviii. 487.

(240) The following are the words of Juno to her former nurse Tethys,
in Ovid, Met. 1. 527-30 :—

At vos si leswe tangit contemptus alumnee,
Gurgite ceeruleo septem prohibete Triones,
Sideraque in ecelum stupri mercede recepti
Pellite, ne puro tingatur in quore pellex.

The explanation of Hyginus, Poet. Astr.ii. 1, is similar. * Hoe signum,
ut complures dixerunt, non oceidit. Qui volunt aliqui de causi esse insti-
tutum, negant Tethyn Oceani uxorem id recipere, cum reliqua sidera eo

erveniant in occasum, quod Tethys Junonis sit nutrix, eui Callisto sueccu-
I];uvrit ut pellex.” Hygin. fab. 177, cites some verses referring to the same
point :— :
Tuque Lycaoniz mutate semine nymphze,
Quam gelido raptam de vertice Nonaerino
(Oceano prohibet semper se tingere Tcﬂl}r.ﬁ,
Ausa suwe quia sit quondam suecumbere alumnsze.

Suecumbere here means to supplant, in a sense derived from suecuba.

(241) v. 30-4. Compare Diod. iv. 79, 80. This fable is inconsistent
with the natural history of the island ; for the ancients testify that Crete
never contained any bears or other noxious animals. See Aristot. Mir.
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The Pleiads evidently took their name from the verb
wAeiv,(**) because their rising was synchronous with the be-
ginning of the season fitted for navigation in the Greck
waters, while their setting marked its termination. They
were supposed to be the danghters of Atlas, and the sisters of
the Hyades, and to have been changed into stars.(*®) The
imagination of poets, by playing upon the name, conceived this
constellation as a flight of doves (we)efad) :(**) Aschylus, em-
ploying a privative epithet to eircumseribe and explain his me-
taphor, called them doves, but doves devoid of wings.(**)

The constellation of the Pleiads consists, according to
Ideler,(***) of one star of the third magnitude, three of the
fifth, two of the sixth, and many smaller stars. It is therefore
searcely possible for the best eye to discern more than six.(*!7)
The ancients, from some numerical faney, thought fit to desig-

Ause. e. 84 ; Diod. iv. 17 ; Ahan, N. A. v. 2 ; Plin. vini. 58; Solinus, e. 11,
§ 11; Plut. de Cap. ex Host, util., ¢. 1. Compare Pashley’s Travels in
Urete, vol. ii. p. 261. The Daunian bear in Tamblich. Pyth. 60, Porphyr.
Pyth. 23, is a fiction, for Italy never contained wild bears. The * Cale-
donius ursus’ in Martial, de Speet. 7, i3 a merely poetieal epithet.

(242) See Miiller, Mythol. p. 191 (131, E. T.). Other fanciful etymolo-
gies are given by Schol. Tliad, xviii. 486 ; Schol. Arat. 254.

(243) Hesiod gives them the epithet of 'Arhayerveis, Op. 383. Henee
Virgil, Georg. i. 221, ealls them Atlantides. Compare Schol. Il. xviii. 436 ;
Hygin. Poet. Astr. ii. 21.

The Homeric and Hesiodean form is IAnguadies, derived from wAéw, which
verh is never contracted in Homer. Its ancient form seems to have been
wAéFw ; the trace of the digamma 1s preserved in the future mhevow.

(244) The substitution of Mekewifes for Mhewides occurred in the astrono-
mical poem attributed to Hesiod. See fragm. p. 352, ed. Marckscheffel.
The same lengthened form is used ]‘Jj." Pindar, Nem. 1i. 16, and numerous
instances of it are cited by Athen. xi. e. 79, 80, including one from
Simonides.

(245) ai & & ﬂr'r “Arharros maides o ml-'np.ﬂﬂ'pwm

ﬂn:'rpm Pe'ytt,r'nw uf}luk m.rpumuﬂ‘}r:;

n}-.:::smmr,r, évfla wﬁ:'rfpwu tharrarparor

éxouae poppas anrepor Hehewades.—Ap. Athen. p. 491 A.
(See Blomf. ad Alsch. Ag. 81, Gloss.) This passage is ﬂlludccl to by Schol.
Il xviii. 486. .rLschyIua assigns their griet for their father's labour in
earrying the world, as the cause of their metamorphosis.

(246) Sternnamen, p. 145.

(247) Hipparch. ad Arat. Phen. i. 14, affirms that seven stars can
really be perceived in a clear nmnulnss mé,hl;

¥
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nate the Pleiads as a constellation of seven stars;(**%) and they
gave a fictitious reason for the fact that only six were visible.
Some said that the seventh Pleiad had been struck by light-
ning: others that it had been removed into the tail of the Great
Bear :(**) the reasons assigned by Ovid(**") are either that one
of the seven daughters of Atlas was dishonoured by a marriage
with a mortal, whereas each of the six others ascended the bed
of a god ; or that Electra, the wife of Dardanus, was so over-
whelmed by the capture and destruction of Troy, that she
veiled her head in token of grief.(*') This constellation was
called Vergiliz by the Romans, because it rose after the
spring. (**%)

As the Pleiads derived their name from navigafion, so the
Hyades derived their name from rain (beav).(**®) The Hyades,
like the Pleiads, were the daughters of Atlas: they were sup-
posed to have been metamorphosed into stars on account of
their grief for the death of their brother Hyas.(*"') Some de-

(248) -Called émramdpos by Eurip. Iph. Aul. 6; érrdorepos, by Eratosth.
e. 14, 23, Quee septem diei, sex tamen esse solent, Ovid, Fast. iv. 170;
Arat. 257 ; Germanicus, Arat. 259.

(249) Schol. Arat. 254, 257.

(250) Fast. iv. 171-8. The former of those reasons appears in Eratosth.
e. 23; Hygin. Poet. Astr. 21: Schol. Il. xviui. 486.

(251) It wasa sign of grief among the Greeks to muffle the head, Hom.
Od. viii. 85 ; Tur. Hee. 432 ; Orest. 42, 280; Suppl. 122. Weeping seems
to have been congidered as of bad omen, and was therefore concealed.

(272) Eas stellas Vergilias nostri appellaverunt, quod post ver exoriun-
tur, Hygin. P. A. e. 21. The rising of the Pleiads was in the middle of
May, Festus, p. 372, Vergilie dicte quod earum ortu ver finitur, mstas
ineipit.

(253) Ora micant Tauri geptem radiantia flammis,

Navita quas Hyadas Graius ab imbre vocat.
Ovid, Fast. v. 165-6.
Virgil, En. 1. 744, iii. 516, calls them ° pluvie Hyades ;7 Horace, Carm.
1. 3, ‘ tristes.’
Yifies Te vavriows
rapéararor ayueiov.—Kurip. Ton. 1156.

Where "Yas lengthens the first syllable, which Homer and other poets
shorten.

(254) Hygin. fab. 192; P. A. 1. 21; Ovid, ubi sup. The names of
five Ii rades were enumerated in the astronomical poem  attributed to
Hesiud{ p. 353, ed. Marckscheflel. Their number was variously stated.
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rived the name of the constellation from the letter Y, to which
its form bears a resemblance.(***) The Romans called it Su-
eule ; which Cicero considers an etymological blunder, founded
on a confusion with ve.(*%) 1t is, however, more probable that
this was a native Latin word, formed from snecus, and that, like
the Greek vac, it alluded to the moisture which accompanied
the rising of this constellation.(*7)

Orion was conceived as a warrior and hunter, who was
transmuted into a constellation. From his position in the
heavens, he was said to fly from the Pleiads,(**®*) as he, in his
turn, was said to be watched by the Great Bear. Various
fables were connected with his translation into the sky.(**")

One of the stories relative to the Dog-star derived its name
from the dog of Orion.(**) The time of its rising connected
it, at an early period, with the idea of intense summer heat;
and Miiller conjectures that it was so called on account of the
prevalence of canine madness at this season. The ceremonies
of the Greek and Roman worship, in several places, alluded to
the connexion between the dog and the star in question.(*%!)

There were likewise similar fabulous stories explanatory of
the name of the constellation Boiites, also called Arctophylax
and Arcturus.(***) Arcturus, as he declares of himself in the
prologue to the Rudens of Plautus, was, on account of the

— e ——

(255) Schol. I1. xviii. 486 ; Schol. Arat. 173 ; Hygin. fab. 192.

(250) Cie. de N. D. ii. 43. Nostri imperite suculas; quasi a suibus

essent, non ab imbribus nominate. This remark recurs in a passage cited
by Gell. xiii. 9. Compare Plin. ii. 39.

(257) This etymon is given in Serv. An. i. 744,
{2*8} Hesiod. Op. 619; Pind. Nem. ii. 11.
50) See Meineke, Analecta Alexandrina, p. 133 ; Hygin. Astr. ii. 34.
Drmn za called a stormy wnstc’tlutmu, in allusion to its se tting in the late

nutzulnu Virg. /n. i. 535, iv, 52 ; Horat. Ep. xv. 7 ; Ideler, Sternnamen,
p- 219.

(260) Hygin. fab. 130; Astr. ii. 4, 36; Eratosth. 33. Another story
connected the star with the dog of Tearius.

(261) See Ideler, Sternnamen, p. 238; Notes and Queries, vol. vii.
p. 431.

(262) See Ideler, Sternnamen, p. 47.
F 2
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times of his rising and setting, considered a stormy constel-
lation. (*%)

The constellations of the heavenly sphere seem to have been
gradually formed by the Greeks. Those which are mentioned
by Homer and Hesiod are doubtless the most ancient.(***) Tt
was not till astronomers had observed the oblique path of the
sun, in its annual progress, that the zodiac was marked out.

The division into twelve parts took its origin in the number of

lunations, which nearly corresponded with the solar year.
When the ecliptic had been divided into twelve parts, astro-
nomers perceived that the motions of the moon, and of the
planets visible to the naked eye, were all within a certain dis-
tance of the ecliptic. They included this space within parallel
circles of the sphere; and adopted the constellation which
coincided with each twelfth part as a sign. Hence as these
constellations were represented by edia, (**) or figures, on the
celestial sphere of the ancients, this circular band was called
the zodiae, and the constellations which encircled it were called
the signs of the zodiac. Aristotle is the earliest extant writer
who mentions the zodiacal cirele ; it is likewise mentioned by
Autolyeus.(*®) About a century later, Aratus, in his astronomical

(263) Inerepui hibernum et fluctus movi maritimos.
Nam Areturus signum sum omnium acerrumum,
Vehemens sum exoriens ; cum occido, vehementior.
Prol. v. 69-71.

(264) Grimm, Deutsche Myth. p. 416, thinks that the Great Bear,
Orion, and the Pleiads, were the three constellations first formed.

(26z) The word {wdiov is used by Herod. i. 70, to denote seulptured
figures “of animals upon a goblet. The xix\os {mﬁmnur means the circle of
h-run:-s represented in p.tmtmﬂ' or seulpture. Among the figures of the
zodiae four were not animals, and the German Thierkreis is an inaccurate
translation of the word. No diminutive of the form diww is ever used in
epic or tragic poetry, and therefore it may be inferred that the name
of the zodiac had not a poetical origin. Diminutives of this form do not
belong to the early language, see Hul,tnmnn, Ausfiihrl. Gr. Gramm. vol. ii.

“].l.‘-"‘ The word xmﬁmv hu::-luu. coriint, which is an old Latin word, used
B_',r Cato and Plautus.

{zﬁﬁ} & KUKAOS TGN QPB:WP, Aristot. ‘-Ictvor 1. 6. 6.1. 8. 3. & raw {wiior,
jh i. 8, 14. 6 dua rév pévwr Tar fwdlwr (kixhos), Metaph. xi. 8. Coneern-
ing .r‘:;lu,t,u:]_-gt cus, see Delawbre, Hist. d’Astr. Ane. vol. i. p- 29. According
to Eudemus, (Enopides was the discoverer of the zodiac.

T e
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poem, names the zodiacal circle, and enumerates its twelve signs.
He states, morcover, that six of the signs rise, and six set,
every night.(*7) The zodiac was doubtless known to Eudoxus,
whose Phenomena was versified by Aratus.

On the whole, the mythology of the Greeks has little con-
nexion with the heavenly bodies, and the mythical stories which
have an astronomical reference are of comparatively recent
origin. Sometimes a narrative received from later writers an
astronomical application, which it wanted in its primitive form.
Thus the story of the sun turning back his chariot, and con-
cealing his light, at the sight of the erime of Atreus, who had
feasted Thyestes with the flesh of his own murdered chil-
dren, (**) was softened into the rationalized version, that Atreus
had discovered the proper motion of the sun, from west to
east, contrary to the general motion of the heavens;(**?) or that

(267) Arat. 541-58.

(268) For a full deseription of the disappearance of the sun, becanse he
is shocked at the unnatural crime of Atreus, see Sen. Thyest. T53-884.
Seneca supposes that when the sun disappears during the l:?n_‘,.', the moon
and stars do not become visible. He coneeives the latter heavenly bodies
as peculiar to the night, and as not being ready to shine before their
usnal time. :

Ipse insueto novus hospitio
Sol auroram videt Ucuiq}{uu:ﬂ,

Tenebrasque jubet surgere, nondum
Nocte paratd. Non suceedunt

Astra, nee ullo micat igne polus,

Nee luna graves digerit umbras.—v. 820-5.

Where Lipsius says: © Ecce autem sol sese condens noctem inducebat, et
surgere jubebat ante tempus, ideogue imparatam.” It does not seem to
have occurred to the poet that the moon and stars were in the heaven
during the day as well as during the night; and that they were only
rendered invisible by the superior light of the sun. Digero in this passage
means to dissipate, to scatter, as in GGeorg. iii. 357 :

Tum sol pallentes haud unquam diseutit umbras.

(269) Polybius, ap. Strab. i. 2, 15 (p. 1120, ed. Bekker), says that the
benefactors of mankind and the authors of useful inventions became kings
and gods. Among these he instances Atreus, who first taught that the
course of the sun was contrary to that of the heaven. Lueian, ﬁ.s;ml, 12,
has the same statement respecting Atreus. Euripides, ap. Achill. Tat.
Isag. c. 1, spoke of Atreus as discovering the proper motion of the sun:

atf&ls‘ T?lp lfurpmu 'J'l‘?ln" t-'ymrr;:w Oficie
dnpovs T écwea, kai ropavvos i{ippr.—Cress. fragm. 14.
This passage means Seifas Ty &80v 7ol fHAiov évavriay oloav Tis Taw
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he had discovered the method of predicting a solar eclipse.(*")
Plato gives a different turn to the fable. He supposes
Jupiter, in his horror at the erime of Atreus, to have changed
the quarter where the sun rises from east to west.(*"') Another
fabulous interpretation traced the erratic motion of the planets
to the same caunse.(*”?) These explanations are evidently phi-
losophical figments, foreign to the supernatural character of
the old legend.

§ 12 As the religion and mythology, so the divination of
the early Greeks had little connexion with the heavenly bodies.
The Greeks sought to penetrate into the future by means of
oracles and dreams, by the entrails of vietims, and by the flight
of birds.(**) To these the Romans added the interpretation of
lightning, which they borrowed from Etruria.(*"*) DBoth also
drew prognostics from prodigies; that is to say, from rare
natural appearances ;(**) among which comets, meteors, and
eclipses held an important place.

derpor. It is misunderstood by Achilles Tatius, p. 73, 82, 95, ed. Petav.
The conversion of the sun's course from west to east, in consequence of
the crime of Atreus, is mentioned by Euripides, Orest. 1000; Iph. T.
816. Manilius, 1ii. 18, says that the sun turned back at the mé,ht. of the
impious feast, and that darkness ensued.

(270) Quae sol ne videndo pollueretur, radios suos ab ei civitate de-
torsit.  Sed veritatis hoc est: Atreum apud Mycenas primum golis
eclipsin invenisse, eni invidens frater urbe discessit tempore quo ejus pro-
bata sunt dicta. Serv. /En. i. 568. Repeated in Hygin. fab. 258. The
former explanation refers to the sun turning back in his course ; the latter
to the darkness eaused by the sun’s disappearance. Compare Grote, Hist.
of Gr. vol. i. p. 220,

(271) Politie. p. 268.

(272) Achill. Tat. p. 96, ed. Petav.

273) See JEsch. Prom. 492.508. Compare the enumeration in Her-
mann, Gottesdienstlichen Alterthiimer der Griechen, § 37, 38, and in the
elaborate article, Dhvinatio, in Pauly's Real-Encyclopadie.

(274) See Miiller's Etrusker, b. 3, e.1,2. The ¢proyera equara in
ZEsch. Prom. 507, do not refer to |11r||1‘.l11[|g' Lightning was unnmdered by
the Greeks as the weapon with which Jupiter punished the wicked. See
Aristoph. Nub. 397.

(275) €id kai ovd” oi pavrag siwbaee ToiTo kpivEwy we TEpac’ To yap elwbic ol
riac. I'hegphra:.:t de Plant. v. 3. Compare Hermann, ib. § 38, n. 16.

Herod. i1. 82, says of the Egyptians: ripara di whiw oge dvedpyra
i} Toioe dAAowat dmao avfpdmoume yevopivow yap réparog puhdomovoe ypagopevor
ramoBaivoy, kai ijy KoTE DoOTEpOY TapaTAOWOY TOUTE YErnTal, KATE TWUTO Vopi-
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But although the Greeks and Romans agreed with the less
civilized nations of antiquity in viewing eclipses, comets,
meteors, and other extraordinary appearances in the heaven,
with alarm, as being marks of the divine displeasure ; yet they
drew no prognostics from the ordinary movements of the hea-
venly bodies: they had no astrological science, or system of
astrological prediction.(*7%)

For this deceitful and seductive art the Greeks were, as 1t
appears, indebted to the Chaldeans, who introduced it among
them after the time of Alexander.

It was never cultivated with fondness by the Greeks, though
they made it an adjunct to their scientific astronomy, and ad-
mitted it into that strange mixture of mystical philosophies
which prevailed in the third and fourth centuries after Christ.
We shall have occasion to consider the Chaldean astrology, in
a future chapter, in connexion with the astronomy of the Baby-
lonians and Egyptians. (*77)

e — T e - —

=

Zovor awofioesfa.  The method here deseribed is one of strictly scientifie
induetion ; if it had been rigorously observed, the Egyptians would either
have discovered the vanity of divination from prodigies, or they would
have founded it on a seientifie basis. Concerning the meaning of répas in
Homer, see Nagelsbach Homerische Theologie, p. 146. The ordinary
Roman prodigies are enumerated by Claudian, Eutrop. i. 1-7, ii. 40-4.
(276) The later Greeks, who discovered the germS of all arts and
geiences in Homer, found even traces of his astrological science. BSee
Heyne ad Il. xwii. 251, vol. vii. p. 467 ; Marsham, Can. Crit. p. 480.
Euripides deseribes Hippo, the daughter of Chiron, as predicting the
future from the risings of stars:
i} wpiora pév ta Oeia mpovpavreiaaro
Xpmopoioe cahégw arTeper €x drrolais.
Melanipp. Sap. Fr. 1ii. Dindorf.
She was supposed to have learnt astronomy from her father Chiron.
See below, ch. 1. § 1. Archdeacon Hare, Phil. Mus. vol. i. p. 25, thinks
that the predictions of Hippo intended by Euripides, *relate only to the
art of foretelling the weather from the helacal rising of the stars.’

(277) See below, ch. v. § 10.



CuarreEr 1I.

PHILOSOPHICAL ASTRONOMY OF THE GREEKS
FROM THE TIME OF THALES TO THAT OF
DEMOCRITUS.

§1 HERE is, as we have seen in the preceding chapter,

no trace of any scientific astronomical knowledge in
the remains of early Greek literature, or in the authentic
accounts of the primitive times of Greece and Rome.

Some of the stories of the Greek mythology, indeed, as
reduced and rationalized by the later historians, attributed the
origin of astronomy to the fabulous ages of Greece. Thus
Atlas 1s said to have discovered the doctrine of the sphere, and
even to have been the author of astronomy ; he is further re-
ported to have communicated this knowledge to Hercules, who
imparted it to the Greeks.(!) According to another story, the
sons of Helius in the island of Rhodes were distinguished by
their knowledgg of astronomy ; they also made improvements
in navigation, and arranged the seasons. Actis, one of the
Heliadw®, emigrated to Egypt, and tanght astronomy to the
Egyptians, The knowledge of astronomy was afterwards

(1) Diod. iii. 66, iv. 27 ; Plin. N. H. vii. 57 : Herodorus ap. Clem. Alex.
Strom. i. 15, § 73 (Fragm. Hist. Gr. vol. ii. p. 34); Serv. Xn. i. 741 ;
I[Ell‘mslit. de Incred. 4. Diogenes Laertius, Prooem. 1, makes him a philo-
gopher.

p]}iudums likewize makes Uranus, king of the Atlanteans, the first
astronomer, and describes him as the ancestor of the sun and moon, iii.
56, o7. The fable of Atlas bearing the heaven on his shoulders (of which
the story in the writers above cited is a rationalized version) is of great
antiquity. See Hom. Od. i. 52; Hesiod, Theog. 517; Asch. Prom.
347, 430; Aristot. de Mot. Animal. 3. Hesperus is fabled to have been a
son of Atlas, remarkable for his piety and justice. He used to observe
the stars on the top of Mount Atlas, but was carried away by a violent
wind, and never reappeared. His subjeets gave him divine honours, and
called the most beautiful star in the heavens by lus name.—Died. iu. GO.
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obliterated in Greece by a deluge, which destroyed nearly all
the inhabitants; and the Egyptians thus obtained the credit of
having been the authors of this science. (%)

A third story represented Hyperion as having been the first
systematic observer of the movements of the sun, moon, and
stars, and of the seasons determined by their course, and as
having taught this knowledge to mankind; whence he was
called the father of the sun and moon.(?)

Uranus, again, King of the Atlanteans, was called the first
astronomer, and the sun and moon were said to be his de-
scendants. (*)

Sophoeles considers Palamedes in the light of a civilizer,
and as the author of numerous inventions, among which he
ineludes a knowledge of the movements of the stars, and of
their use in navigation.(®) The treatise on astronomy ascribed
to Lucian speaks of Orpheus as having taught that science to
the Greeks.(®) The fable of Prometheus chained to the rock,
on Caucasus, was likewise interpreted by late writers to contain
a concealed reference to the observations of a solitary astro-
nomer upon lofty mountains.(7)

Newton, in his treatise on Ancient Chronology, has assigned
the origin of astronomical science to the heroie ages of Greece.
His argument rests upon three hypotheses :—

. That Chiron delineated the constellations, and was a

(2) Diod. v. 57.

(3) Diod. v. 67. Compare Hesiod, Theog. 371-4.

(4) Diod. iii. 56, 57.

(5) Fragm. 379, ed. Dindorf. The third line appears to be spurious.
Palamedes 18 desecribed as the inventor of dice in i’aus i. 20, § 3 ; x. 31,

§ 1. Philostratus, Heroic. ¢. 11, makes him the inventor of the divisions
of time, money, weiglits and measures, arithmetic, and alphabetical writing.

(6) e. 10.

(7) Nee vero Atlas sustinere ceelum, nee Prometheus affixus Caueaso,
nee stellatus Cepheus eum uxore, genero, filid traderetur, nisi ccelestinm
divina cognitio nomen eorum ad errorem fabule traduxisset. Cie. Tusr:.
Disp. v. 3. Concerning Prometheus as an astronomer, see below, ch.

§ 1. Cepheus, his wife Cassiopea, his daughter Andromeda, and his son-
m-law l‘t.rseus, were converted into stars.
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practical astronomer. 2. That Museus, the son of Eumolpus,
and master of Orpheus, made a sphere; and that he was re-
puted to have been the first among the Greeks who made one,
the time at which it was made coinciding with that of the
Argonautic Expedition. 3. That the people of Coreyra attri-
buted the invention of the sphere to Nausicaa, daughter of
Aleinous, King of the Pheeacians ; and that she appears to have
obtained her knowledge of it from the Argonauts, who, on their
return home, sailed to that island, and made some stay there
with her father.(®)

Chiron, a centaur, was the son of Saturn and the sea-nymph
Philyra ;(*) and thus, as Xenophon remarks, he was the brother
of Jupiter.(”) Saturn was fabled to have changed himself into
a horse in order to conceal his amour with Philyra from his
wife Rhea; hence the mixed form of Chiron. Homer calls him
“the most just of the centaurs,” and designates him as the
teacher of Achilles, in reference to his knowledge of the re-
medies for a wound.(!) Pindar, likewise, describes Chiron as
having given instruction in medicine to Jason and /Esculapius.(*?)
A family which had an hereditary knowledge of the medicinal
virtues of plants, and which was said to be descended from
Chiron, dwelt near Mount Pelion in late times.(¥) The Mag-

(8) Chronology of Ancient Kingdoms amended, Horsley's Newton,
vol. v. p. 63-6. Compare p. 17.

(9) Hesiod, Theog. 1001 ; Pindar, P}rtll. vi. 22; Apﬂﬂﬂﬂ. 1 2, 4;:
Apollon. Rhod. i. 554, ii. 1231-41, and Pherecydes ap. Schol. Virg. Georg.
iii. 93. Xenoph. de Ven. i. 4, deseribes Philyra generally as a Naid.
Seriptor Gigantomach. ap. Schol. Apoll. Rh. i. 554. Ovid, Met. vi. 226.

(10) Xen. ib. § 3. Xenophon points out that Chiron was long-lived,
for that, while he was the brother of Jupiter, he lived long enough to be
the teacher of Achilles.

(r1) Il. xi. 830-2. Compare /Elian, Hist. An. i1.18. According to
"‘rHEHdiDd’ Theog. 1001, Chiron reared Medeus, the son of Jason and
Medea.

(12) Nem. iii. 53. Compare Schol. Apoll. RRh. i. 554 ; Schol. Arat. 436.

(13) Dicmarch. de Pelio, § 12; Fragm. Hist. Gr. vol. ii. p. 263. The
spear of Achilles was made of an ash from Pelion, and was given by
Chiron to Peleus, Il. xvi. 143, xix. 390. Chiron was supposed to inhabit
Pelion, and there was a cave on this mountain ecalled the Chironian cave.
Pelion was the scene of the amour of Saturn and Philyra.
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nesians also offered sacrifices to Chiron as the author of
medicine. ('#)

An epic poem which bore the name of Hesiod contained the
precepts which Chiron imparted to Achilles.(’?) They were
regarded as of a religious and ethical character: Pindar parti-
cularly specifies the worship of Jupiter as the first of Chiron’s
lessons to his celebrated pupil.(**) Xenophon says that Apollo
and Diana selected Chiron, on account of his justice, for instruc-
tion in the art of hunting ; and that he afterwards taught this
art to numerous heroes.('") Besides these subjects, Chiron
is deseribed as instructing Achilles in music and the use of the
lyre.(*)

In the Achilleid of Statius, Achilles gives a detailed account
of his instruction by Chiron. The subjects are hunting, mili-
tary exercises, playing on the lyre, treatment of wounds, and
medicine. He likewise receives lessons of justice. No allusion
is made to any branch of astronomical science.(!?) Aeccording
to Ovid, divination was not among the arts tanght by Chiron. (*")
The ancients do not in general mention astronomy, or any

(14) Plut. Symp. iii. 1, 3. His medical skill iz alluded to by Virgil,
Georg. 1. 548, and by Ovid, Fast. v. 401, 410. He eured the eyes of
Phenix, Propert. ii. 1, 60. Hyginus, fab, 274, says that he invented the
art of surgery from herbs. Before [Alsculapius, Chiron was acquainted
with the medicinal virtues of herbs, according to Galen. Introd. vol. xiv.

. 675. Kithn. Some herbs used in medicine were named Chironion and
Eent&ureum, from Chiron, Plin. xxv. 13, 14 ; Theophrast. Hist. Plant. ix.
11,1. The Chironion grew upon Pelion, Dioscorid. iii. 57. The Schol.
Iliad, iv. 219, makes him the inventor of medicine.

(15) Hesiod, fragm. p. 175, 370, ed. Marckscheflel.

(16) Pyth. vi. 21; Hesiod, fr. 206. ib. Apollo is deseribed as seeking
eounsel from Chiron in Pyth. ix. 29. Compare Eurip. Iph. Aul. 709.

(17) Cyneg. c. i. § 1-4.

(18) See Ovid, Fast. v. 335 ; Philostrat. Heroic. e. 10; Imag. ii. 2.
According to Plutarch de Mus. 40, é coddrares Xeipoy was HOVTUIKTS TE
dpae kai Swmortis kai larpens Silarkakos.  Pindar, Nem. iii. 53, calls him
Bafupnms. His instruetion in music is alluded to by Horace, Epod. xii. 11.
Ausonius, Id. iv. 20, speaks of the gentleness of Chiron's discipline.

(19) 1. 382—453. Compare 1. 38.

(20) Met. ii. 638. Concerning Chiron, see the essay of Welcker,
¢ Chiron der Phillyride,” Kleine Schriften, vol. iii. p. 3; Fabrie. Bibl. Gr.
vol. i. p. 13, ed. Harles.
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kindred science, among the subjects which were supposed to
have been included in the lessons of Chiron. An anecdote is
preserved respecting Diogenes, that, being reproached for
his ignorance of geometry, he replied that it was permitted to
be ignorant of a subject which not even Chiron taught to
Achilles.(*) The evidence of Chiron’s astronomical knowledge
is discovered by Newton, in a fragment of the Cyclic Titanoma-
chia; the interpretation of which is dubious, and which pro-
bably has no reference to astronomy.(**) DBut, whatever may
be the true meaning of the verses in question, it is certain that

= = —

(21) Parallela of Joannes Damaseenus, ad cale. Stob. Phys. p. 740.
ed. Gaisford. ad cale. Stob. Anth. vol. iv. p. 206, ed. Meineke.

(22) & 8¢ Bypimos "Epuurmos Xetpova Tor Kévravpor aohiv kalet, ép’ ol kai
¢ mir Teravopayiay ypdvas gmaiv ws mpoTos oltos

eis e Sukaroovvny Oenraw pévos fyaye, Seifas
gprovs kai Bugias iNapas kai oxquar’ "Olipmov.
Clem. Alex. Strom. 1. 15, § 73, p. 132, ed. Sylburg.

By oyxfuar’ 'OMpmov, Newton understands the ¢ constellations of
heaven." "OMlvpmos in the Greek writers seems never to signify the heaven
in a physical sense ; though it may express the aggregate of the Olympie
gods. In the Latin writers Olympus iz sometimes equivalent to coelum :
as in Virg. Georg. i. 450, 1i1. 223. It has been proposed to read oquar’
"OAipmov, in the sense of ‘signa divinm voluntatis.’

Welcker, Ep. Cyelus, vol. ii. p. 411, thinks that the ancient musician
Olympus is referred to, and conceives that the dances invented by Olympus
are intended. It is elear from the context that something considered by
the Greeks as having an ethical influence is meant. Chiron, it is said, first
turned mankind to justice, by teaching them the use of oaths and saeri-
fices. The third subject of his instruetion can hardly be the forms of the
constellations, which have no connexion with morality. It is possible that
“the dances of the gods,” as connected with sacrifices, are signified.
Zxipa was used for a figure in daneing. See Aristoph. Vesp. 1485,

It must at the same time be admitted that Clemens appears to have
understood the verses of the Titanomachia in the sawe manner as New-
ton : for he proceeds to say that Hippo, the daughter of Chiron, having
become the wife of olus, instrueted him in physics, which she had learnt
from her father.

. The Titanomachia was aseribed to Arctinus or Eumelus. See Welcker,
ib. p. 5a6.

Letronne, Analyse eritique des Représentations zodiacales de Dendéra
et d'Esné, Mém. de I'Acad. des Inseript. tom. xvi. part 2, p. 103 (1850),
understands the dances, or movements, of the stars.

The word exfjuara was used by late writers with reference to the po-
gitions of the stars for astrological purposes. Bee Gothofred ad Cod.
Theod. vol. iii. p. 144.
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the Centaur Chiron is a purely fabulons being, and that the
fragment of the cyclic poem cannot be regarded as a historical
testimony.

Staphylus, in his work on Thessaly, related that Chiron,
being a wise man and skilled in astronomy, desired to make
Peleus celebrated ; that for this purpose he sent for Philomela,
the daughter of Actor the Myrmidon, and circulated a report
that Peleus was about to marry Thetis, with the consent of
Jupiter, and that the gods would attend the wedding in a storm
of wind and rain. Having waited for a season when there was
about to be tempestuous weather, Chiron married Philomela to
Peleus ; whence the belief arose that Thetis was his wife.(*)
The age of Staphylus is not known ; but this attempt to ration-
alize the marriage of Peleus with the goddess Thetis is probably
of late date. Ie is quoted by no writer earlier than Strabo.(*)
In this story, the astronomieal skill of Chiron is supposed to be
evinced in his power of predicting the weather. The Latin
Scholiast to the Aratea of Germanicus, reports that Chiron in-
structed Hsculapins in medicine, Achilles in musie, and Her-
cules in astronomy.(*) The principal connexion of Chiron with
astronomy is that he is reputed to have been converted by
Jupiter into a constellation, and to have become one of the
signs of the zodiae.(*)

The statement of Diogenes Laertius, in the second century
after Christ, that Musseus was the first who composzed a theo-
gony, and invented a sphere,(*) is undeserving of serious atten-
tion. DMus:eus, like Orpheus, belongs exclusively to mythology.

(23) Schol. Apoll. Rhod. i. 558; iv. 816; Frag. Hist. Gr. vol. iv.
p- oU5.

(24) Daimachus, who lived about 270 B.c., stated that Peleus married
Philomela, Frag. Hist. Gr. vol. iv. p. 442,

25) Ap. Arat. vol. ii. p. 87, ed. Buhle.

(26) Eratosth. Catasterism. 40; Hygin. Astr. ii. 38; Ovid, Fast. v.
381-414 ; Schol. Arat. 436; Hermippus, ap. Frag. Hist. Gr. vol. iii. p. 54

(27) Procem. 3. Compare Suid. in Moveaios.
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The astronomical knowledge ascribed by Newton to Nau-
sicaa rests on a singular error. It seems that a female gram-
marian of Coreyra, named Agallis, or Anagallis, attributed the
invention of the ball to Nausicaa, the daughter of Alcinous.(*®)
This patriotic figment was founded upon a passage of the
Odyssey, where Nausicaa is described as playing at ball with
her maidens.(*®) The Greek language borrowed its technical
terms from common life, and the same word denoted both dalf
and sphere : hence the confusion in question.(*")

§ 2 The earliest historical name with which we can con-
nect the scientific pursuit of astronomy in Greece, upon satis-
factory evidence, 1s that of Thales. Thales, the founder of the
primitive Tonic school of philosophy, (*') was a citizen of Miletus.
By Herodotus his family is stated to have been of Pheenician
origin ;(**) by others he was reported to have descended from an
indigenous noble stock.(*) His lifetime is said to have extended
from 639 to 546 B.c., according to which determination he died
at the age of ninety-three years,(**) and survived the usurpation

(28) Athen.i. p. 14 D. Suidas in ';\un}ruh?nlr, spxnuis, et ogaipa,

(29) Od. vi. 115. The identity of Phmacia and Coreyra was assumed
by tlm later Greeks, on the authority of Thue. i. 25. Bophocles intro-
duced Nausicaa playing at ball in a tragedy, Fragm. 3589, ed. Dindorf.

(30) See the arguments of Schaubach against Newton's proof of the
antiquity of the Greek astronomy, Gesch. der Griech. Astr. p: 362,

For a refutation of the arguments of Newton respecting the epoch of
Chiron, see Fréret, (Euvres, vol. x. p. 132. He cites largely from a work
of Whiston against Newton's chronology.

(31) Speaking ﬂf the Eﬂllj Epouﬂntmns concerning Nature, Aristotle
gays: dila Gﬂhm ,uﬂr 0 Tijs_ TOW@UTT)S upxq}m; ?th;wnpmr, &e. Hctaph P
doxet &€ o upi]lp oUTOS clg & rrj--; PLAogodias, Kal T QUTOU 1 ]qurunj Hl.‘:.ll:ﬂ'l.i T [HFT] -
yopeify, Plut. Plac. Phil,i. § 3. A similar statement in Galen, Hist. Phil.
c. 2.

Origenes, Philosoph. i. procem. p. 5, ed. Oxon. says: Aéyerar ©alijy miw
Mtl};ﬂ'lﬂlli £ TﬂJIr' F'FI'Tﬂ ﬂ'fi#ﬁmi’ TP(I.IIT'HI-" Erlxix!i}"}inﬂ:lt qJI}I.Hﬂ'HI;'HI'II-' {;:I'Uﬂ'“ff}l.l'

Thales Milesius, qui primus de talibus rebus quesivit, aquam dixit esse
initium rerum. Cic. de N. D. i. 10,

(32) i. 170. The Pheenician family to which Thales belonged was
said to have been named the Thelide, Diog. Laert. i. § 22.
(33) Diog. Laert. ib.

(34) He is aaid to have died, of heat, thirst, and weakness, while he
was present, as a spectator, at gymnastic games, Diog. Laert. i. 39. It
may be obse ned however, that there is a disposition to attribute extraor-
dinary longevity to the w.rI} Greek philosophers. Aristotle stated that
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of Pisistratus. Iis life nearly coincides with the reigns of
Ancus, Tarquinius Priscus, and Servius, in the received Roman
chronology.

Various particulars mentioned respecting Thales agree with
the statements of the ancient chronologers as to the time of his
life. Thus he is said to have predicted an eclipse of the sun,
which put an end to the battle between the Medes and Lydians
under Cyaxares and Alyattes respectively. The reign of Cyax-
ares is placed from 631 to 594 B.c.; that of Alyattes from 617
to 560 B.c.; and the solar eclipse in question has been fixed by
modern astronomers at various dates from 625 to 535 B.c.
He is reported to have lived in the time of Thrasybulus of
Miletus,(*) who was contemporary with Sadyattes and Alyattes,
and also with Periander (about G25

585 B.c.) There is a uni-
versal agreement that he was one of the Seven Wise Men ;(3%)
and he is said to have been renowned for his philosophy in the
archonship of Damasius, 550 B.c.(*) According to Herodotus, he
advised the Tonians to form a federal council, and to establish its
seat at Teos, before the subjugation of Ionia.(*) He is reported
to have suggested to Creesus a contrivance for placing his army
beyond the Halys in the last year of his reign,(**) which lasted
from 560 to 546 B.c.; and to have advised the Milesians not to
make an alliance with Creesus: a policy which saved their city
when Creesus was conquered by Cyrus.() There is likewise a

Empedocles died at the age of 60; but others made him live to 109,
Diog. Laert. viii. 74.

(35) Diog. Laert. i. % 27. A certain Minyes, of whom nothing is
known, is cited as the authority for this statement.

(36) Cic. de Leg. ii. 1 says Thales, qui sapientissimus in septem fuit.
According to Plut. Solon, 3, he was the only one of the Seven \E’isc Men
who explored the region of Physics.

(37) See Clinton ad Ann.

(38) 1. 170. This advice is alluded to by Alian, V. H. iii. 17. Mr.
Grote, vol. iii. p. 346, supposes this advice to have been given before the
conquest of Ionia by Creesus.

{ﬁg} i. 75. The story about the Halys was aflirmed by the Greeks, but
was disbehieved by Herodotus. It is repeated by Diog. Lacrt.i. § 38, and
Lucian, Hippias, ¢. 2.

(40) Diog. Laert. 1. 25. This statement is inconsistent with Herod. 1. 141,
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story, repeated with many variations, of a gold cup given by
Craesus as a prize to the wisest man, which came into the hands
of Thales.(!) A philosophical rivalry is reported to have existed
between Thales and Pherecydes ; the latter of whom seems to
have flourished about 544 B.c.(**) The opinions of Thales were
controverted by Xenophanes,(*) who flourished 540—500 ».c.
On the whole, though all dates for Grecian history at this period
are uncertain, the active part of the life of Thales may be re-
ferred with confidence to the first half of the sixth century s.c.

He is said to have made a visit to Egypt, and to have de-
rived his scientific knowledge, both geometrical and astrono-
mical, from the lessons of the Egyptian priests.(*) Hieronymus,
a disciple of Aristotle, reported him to have measured the pyra-
mids by the length of their shadows. (*) We are told, moreover,
by several writers, that he speculated concerning the annual
inundation of the Nile, and attributed it to the resistance of
the Etesian winds.(*) With respect to his astronomical know-
ledge, the following notices have been preserved.

and iz probably unfounded. It assumes that Miletus was not reduced
by Creesus, which seems to he inconsistent with the fact.

(41) Diog. Laert. i. 20; Diod. ix. 7. Bekker, Phoenix ap. Athen. xi.
p- 495 D. ; Plut. Solon, 4; Val. Max. iv. 1. ext. 7 ; Schol. Aristoph. Plut. 9.

(42) Diog. Laert. i 122 ; ii. 46. Suid. in $epexidns. Diogenes recites
letters between Pherecydes and Thales, 1. 43, 122, Concerning the life-
time of Pherecydes, see C. Miiller, Fragm. Hist. Gr. vol. i. p. xxxiv.

(43) Diog. Laert. ix. 18.

(44) The spurious letter from Thales to Pherecydes in Diog. Laert.
i. 44, speaks of his intention to visit Egypt, in order to confer with the
priests and astronomers of that ecountry. Josephus, contr. Apion, i. § 2,
states it to be universally admitted that the earliest Greek speculators upon
astronomical subjects, such as Phereeydes of Syros, Pythagoras, and
Thales, were scholars of the Egyptians and Chald®ans, and left little in
writing. Plut. Sept. Sap. conv. 2, mentions his visit to Egypt. Plut.
Plae. Phil. 1. 3 says that Thales, having studied philosophy in Egypt, mi-
grated in his old age to Miletus. Clem. Alex. Strom. i. 15, § 66, p. 130,
Sylb., states that he had conferences with Egyptian priests. Compare
Euseb. Praep. Ev. x. 4.

Pamphila declared that he learnt geometry from the Egyptians, Diog.
Laert. i. 24. Pamphila was a learned Egyptian lady, who lived in the
time of Nero. Phot. Biblioth. Cod. 175.

(43) Diog. Laert. i. 27. The story is repeated by Pliny, xxxvi. 17. It
is differently told by Plut. Sept. Sap. conviv. 2.

(46) Athen. ii. 87, ed. Dindorf.; Diod. i. 38; Diog. Laert. i. 37;
Seneca, Qumst. Nat. iv. 2, 31 ; Galen, ib. 23 ; Plut. Plac. Phil. iv. 1.
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He is stated by Herodotus to have predicted the eclipse of
the sun which separated the Median and Lydian armies under
Cyaxares and Alyattes. He is reported to have discovered the
seasons, and to have fixed the year at 365 days, having learned
this fact from the Egyptian priests:(*) to have predicted the
solstices, and to have determined the course of the sun from
solstice to solstice ;(*¥) also to have divided the heaven into five
parallel zones, with a meridian cutting them from north to
south, and with an oblique zodiac passing through the three
interior zones;(*") and to have first called the last day of the
month the #riacad, or thirtieth. (")

He is further said to have held that the sun, the moon, and
the stars were all of an earthy, or solid, substance, but that the
stars were likewise of a fiery nature ; and that the moon derived
its light from the sun. He attributed an eclipse of the moon
to the interposition of the earth between the sun and the moon ;
and an eclipse of the sun to the interposition of the moon be-
tween the sun and the earth.(*!) In accordance with his tenet
that water is the principle of all things,(**) he taught that the

(47) Diog. Laert. i. 27. (48) Diog. Laert. i. 23, 24.

(49) Plut. Plac. Phil. ii. 12 ; Galen, Hist. Phil. ¢. 12 (vol. xix. ed.
Kiihn) ; Stob. Ecl. Phys. i. 23, p. 196, ed. Gaisford. Eudemus, in his His.
tory of Astronomy (ap. Theon. Smyrn. c. 40), stated that Thales ex-
plained a solar eclipse, and showed that the cireuit of the sun through the
solstices is not always equal.

(30) Diog. Laert. i. 24,

(31) Plut. Plaec. Phil. ii. 13, 24, 28; Galen, Phil. Hist. 13, 15; Stob.
Ecl. Phys. i. 24, 25, 26, p. 214, 216. Stobaus, p. 205, has the following

assage : Oalys yeoedy [read yewdy] rov fheor exheimew ¢ alriv ths gelqys
vmepxopans kara kaberov, olions duoews yewbovs Bhemerda de TotTo kaTomTpt-
ks vmorifépevor 79 Siokw. In the corresponding passages, Galen, e. 14,
and Plutarch, ii. 24, have imorfeperw. Wyttenbach ad Plut. corrects adrijy
for totro and dmorilfepérmp. The meaning of the passage thus emended
would be, ‘ and the moon is seen by reflexion, being in a direct line with
the sun's disc:’ which is not intelligible. On the meaning of the word
kdromrpor, see Galen, ib. e. 25 ; Plut. ib. iv. 14.

The words in Stobeseus appear to be right, and the sense to be: that
the shadow of the moon’s Elmc is projected on the sun. According to
Cleomedes, ii. 5 p. 134, the most ancient of the physical philosophers and
astronomers of Greece knew that the moon derives its light from
the sun.

(52) See Brandis, ib. p. 113.
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fire of the sun and stars is fed by aqueous exhalations.(**) He,
moreover, determined the magnitude of the moon as the 720th
part of the sun. (™)

Thales, likewise, in his old age, determined the ratio of the
sun’s diameter to its apparent orbit. e communicated this
discovery to Mandraytus of Priene, who offered him any reward
which he might demand. Thales requested only that when
Mandraytus published the discovery to others, he would attri-
bute the merit of it to its true aunthor. ()

Thales supposed the earth to float upon the water, like a
plank of wood, or a ship: he is even stated to have explained
earthquakes by the fluctuations of the underlying water.(*)
Aristotle remarks that Thales conceives the earth to be sup-
ported by water ; but that he does not explain how the water
is supported. Hence it is apparent that the doectrine of the
sphericity of the earth is erroneously ascribed to Thales.(57)
The doctrine that the earth floats upon water is stated to have
been brought from Egypt by Thales. (*)

IHe is reputed to have taught his countrymen to imitate

(53) Plut. Plac. Phil. 1. 3.

(54) In the passage concerning the ghm;es and eclipses of the moon, in
Stob. p. 217, where Thales is mentioned, his name is omitied in the corre-
sponding passages of Plut. ii. 29, and Galen, e. 15.

(55) This anecdote is related by Apul. Flor. iv. 18, 6.

(56) m &' b’ vBaros kelofar Tnv'.rou yiip apxmwm'nu -rmpn?lnjgbapfﬂ TOV luya:l,
ov gacw elmewy H-rl?'ujv rov Mooy, s Sut 70 TAwTY elvar pevovray OoTep
Eidor §f T TowvTor érepor.  Aristot. de Cel. il. 13, 13. Qua sequitur,
Thaletis inepta sententia est. Ait enim terrarum orbem aqui sustineri,
et vehi more navigii, nmlnlltatm ue e‘!us fluctuare, tune quum dicitur
tremere. Seneca, Nat. Quast. iii. lé‘r Thales Milesius totam terram sub-
jecto judicat humore portart et innatare: sive illud oceanum vocas, sive
magnum mare, sive alterius nature simplicem adhue agquam et humidum
elementum. Huc. inquit, undi sustinetur orbis, velut aliquod grande
navigium grave his aquis quas premit, ib. vi. 6. He argued that the earth
was too heavy to be supported by air. This notion is mentioned in Schol.
Iliad, xiii. 125.

57) See Plut. Plae. iii. 10 ; Galen, e. 21. In Plut. iii. 11, if is stated

that the followers of Thales piaced the earth in the middle of the
universe.

(38) Simplicius, Schol. ad Aristot. p. 506 b. ed. Brandis.
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the Pheenicians in steering by the Little instead of the Great
Bear.(*)

The anecdote of Thales falling into the well, with the con-
sequent saying of the Thracian female slave, that in trying to
discover things in heaven, he overlooked those beneath his feet,
which is related by Plato, proves his popular reputation as
an astronomer and stargazer.(”) Aristophanes, in the Clouds,
names Thales as the abstract type of the geometer and astro-
nomer :() and Timon the Sillographer, about 280 B.c. relaxed
the customary severity of his satirieal poetry in order to com-
mend the astronomiecal attainments of Thales. (%)

According to Pamphila, he first solved the problem of in-
geribing a right-angled triangle in a circle: (¥¥) and he is
deseribed in general terms as the founder of geometrical science
in Greece. (")

The death of Thales preceded the manhood of Herodotus by
about a century, and his birth preceded it by nearly two cen-
turies. He left nothing in writing; a work on ¢ Nautical
Astronomy,’ attributed to him, was considered the production
of Phocus or Phocas, a Samian.(**) Hence the accounts hoth

(30) Callimach. Fragm. 94; Diog. Laert. i. 23; Schol. Il. xviii. 487;
Hygin. Poet. Astr. i1. 2. See below, ch. viii. § 1.

(6o) Plat. Thewtet. § 79, p. 174, repeated by Diog. Laert. i, 34, Origen.
Philos. p. 5, and alluded to by Tertullian de Anim. ¢. 6.

Marana, xiii. 20, alludes to the anecdote of Thales in speaking of
Alfonso, king of Castille, the author of the Alphonsine Tables. ° Erat
Alfonso sublime ingenium, sed incantum, superbse aures, lingua petulans,
literis potius quam civilibus actis instruetus, dumque celum considerat,
terram amisit.” Compare Bayle, Dict. art. Castille, note G.

(6r) Nub. 180, where the Scholiast speaks of Thales as ra mept riv
otpardr mpatos efevpar. Av. 1009,
(62) Diog. Laert. i. 34. An elegiac inseription under his statue, in
ifhir:h his astronomical fame is commemorated, is recited by Diogenes.
bid.
(64) Apul. Flor. iv. 18, 5. Compare Brandis, ib. p. 110.

- (65) Navruen 'Aorpodoyia, Diog. Laert. i. 23. The name Phocus occurs
in Plut. Solon, 14. It is possible that the 200 hexameter verses ascribed
by Lobo the Argive to Thales (Diog. Laert. i. 34) refer to this produetion.
Compare Brandis, Griech. Rom. Phil. vol. i. p. 111. He was likewise
gtated to have written a treatise concerning the solstices and equinoxes,

G 2
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of his life and doctrines which reached the earliest historians,
were confused and inaccurate, or alloyed with fable.

It is difficult to draw any certain conclusions, respecting
the astronomical science of Thales, from such loose and inco-
herent notices as have descended to us. His visit to Egypt,
like other journeys to foreign countries, attributed to Greek phi-
losophers and lawgivers, is probably apoeryphal ; and if Thales
profited by the lessons of the Egyptian priests in geometry, it
is not likely that he should have taught them a mode of mea-
suring the height of the pyramids. The opinion that the
annual inundation of the Nile is produced by the Etesian
winds is mentioned by Herodotus, but is not ascribed to
Thales. (")

Even if Thales had expressed this opinion respecting the
cause of the annual inundation of the Nile, it would not prove
that he had visited Egypt. This phenomenon had at an early
period roused the curiosity of the Greeks, and had become a
favourite subject of speculation among their writers. There
were two circumstances in it which excited the wonder of the
Greeks. 1. Their rivers swelled in winter, and were nearly
dry in summer :(°) whereas the Nile rose in the greatest heat
of summer, at the rising of the Dog-star. 2. The Greek rivers,
being torrents, were destructive by their inundation ; whereas
the productiveness of Egypt depended on the inundation of the
Nile.(*) Accordingly, many of their philosophers and his-
torians advanced theories upon it.(*)

Diog. Laert. i. 23. Plutarch speaks with doubt as to the genuineness of
the treatise on astronomy ascribed to Thales, De Pyth. Orac. c. 18.

(66) Herod. ii. 20.

(67) See Kruse's Hellas, vol. ii. p. 207 ; Grote’s Hist. of Gr. vol. ii.
p- 286. Lucan says of the Nile:

‘ Inde etiam leges aliarum nesecit aquarum ;
Nee tumet hibernus, eum longe sole remoto
Officiis caret unda snis: dare jussus iniquo
Temperiem ccelo, mediis mstatibus exit.'—x. 228-231.

(68) See Pauly, Real-Lex. vol. v. p. 645. The Romans considered the
inundations of rivers as unfavourable omens, Virg. Georg. 1. 481 ; Horat.
Carm. i. 2.

(6g9) See Herod. ii. 19; Diod. i. 88; Athen. ii. e. 87, ed. Dindorf;
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If the statement, attributed to Eudemus, that Thales pre-
dicted the solstices,(") means that he determined the exact
times of their recurrence, he must have known the true length of
the tropical year, without being indebted for this information
to the Egyptian priests. The same conclusion would likewise
follow from his determination of the sun’s path in the zodiac.
Whether he approximated so nearly to the true length of the
year as to fix it at 365 days, is uncertain ; it is still more doubt-
ful whether he departed so far from the original notion as to
conceive the earth to be an immovable sphere in the centre of
the universe. The statement that he ¢ discovered the seasons,” is
absurd : it supposes the Greeks of the sixth century B.c. to be
in a state of childish ignorance.

§ 3 The alleged prediction of the solar eclipse by Thales
has given rise to a great variety of opinions., The account of
Herodotus (') is that while Cyaxares was king of Media, and
Alyattes was king of Lydia, these two neighbouring nations
were engaged in a war, which had lasted, with alternate for-
tune, for five years: and that in the sixth year a battle took
place, during which the day sudaenly became might. Hero-
dotus designates the battle as a ® night battle ;’ and he adds
that this change was foretold to the Ionians by Thales, who
fixed the year of the battle as the period within which the
eclipse would ocecur. The narrative proceeds to relate that
when the Medes and Lydians saw that night had taken the
place of day, they desisted from the combat, and were eager to

Schaubach, Anaxagor. p. 170 ; Mullach, Democrit. p. Eﬂa Strab. xvii. 1,

ia Schol. Apoll. Rhod. iv. 269 ; Seneca, Nat. i,]u..mt iv. 2; Lucau x. 219;
ralen, Phil, Hist. ¢. 23; Plut. Plac. Phil. iv.

(70) Diogenes professes to cite it from the History of Astronomy by
Eudemus, i. 23.

(71) i. 74. Alluded to by Diog. Laert. i. 23. Mr. Rawlinson holds that
authenuc “E‘dlﬂl] history begins with Cyaxares, Herod. vol. i. p. 410, 416.
Respcchn;, the series of Lydian kings, see Raw 11113-.:111, ib. p. 353 ; Clinton,

H. vol. ii. p. 266. Respecting the series of Median Lmtrs, Clinton,
ﬂ}l 1. p. 257, gtraho xvil. 1, § 18, states that Cyaxares was contemporary
with Psammetichus. According to the Egyptian chronology, Psammetichus
reigned from 670 to 616 n.c. This synchronism does not agree with the
calculated dates of the eclipse.
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make peace with one another: that peace was made through
the mediation of Syennesis the Cilician and Labynetus the
Babylonian, and that it was cemented by the marriage of Ar-
venis the daughter of Alyattes, with Astyages the son of
Cyaxares.

The statement that this eclipse was predicted by Thales was
repeated by Eudemus in his History of Astronomy.(™) It
recurs in Cicero,(”) Pliny,(™) and Themistius.(™)

Historical testimony to this occurrence may be considered
as resolving itself into the account of Herodotus. It is highly
improbable that Eudemus, who wrote about 300 s.c., should
have had any independent information on the subject; and the
other later writers doubtless followed the Herodotean narrative,
either at first or second hand. The Lydian origin of the Etrus-
cans, reported by Herodotus, is in like manner repeated by
numerous ancient authors, and it even became an article of
national faith; but their repetition, as Schwegler has remarked,
adds nothing to the authority of the original statement. (")

Now Herodotus was born in 484 g.c., and may be supposed
to have begun the collection of the materials for his history
about 455 n.c. If we suppose the eclipse to have taken place
in 585 B.c., the interval would be 130 years: if we suppose it
to have taken place in 610 B.c., the interval would be 155 years.
This period is within the possibility of accurate oral transmis-
sion : but the chances against the preservation of the exact
truth during so long a time without contemporary registration
are preponderant.

The account of Herodotus consists of two parts: 1. The

———

(72) Ap. Clem. Alex. Strom. i. 14, § 65, p. 130, Sylb.; referred to by
Diog. Laert. i. 23 ; and see above, note 49.

(73) De Div. i. 49, who names Astyages instead of Cyaxarcs, by an
error of memory. In Rep. i. 16, he states that the true nature of eclipses
was understood by Thales.

(74) N. H.ii. 9. He fixes the date at Olymp. 48. 4, 170 v.c.=585-4 B.C.
in the reign of Alyattes.

{75) Orat. xv.

(70) Rom. Gesch. vol. i. p. 253.



—

SECT. 3.] TO DEMOCRITUS. 87

occurrence of the eclipse, and of its historical accompaniments.
2. The prediction of the eclipse by Thales.

The time of this eclipse has been variously determined both
by ancients and moderns; but the limits of divergence are
not wide. Pliny fixes it at the year 585 B.c.("7) Clemens of
Alexandria places it about the fiftieth Olympiad, 550 B.c.(7)
Eusebius assigns it to Olymp. 48. 2, 583 B.c. Among the
moderns, Petavius and others place this eclipse in 597 B.c. ;(™)
while Oltmanns and Baily, with the approbation of Ideler, fix
it at Sept. 30, 610 B.c.(*?) The Astronomer Royal, Mr. Airy,
in a recent investigation has determined its date at May 28,
585 B.c.;(™) which date nearly agrees with those of Pliny,
Clemens, and Eusebius, and had been previously adopted by
Scaliger, Des Vignoles, and others.

A solar eclipse, if the sun’s disc were partly visible, and the
event happened during a battle, would be sufficient to terrify
both armies, and to cause them to believe that the gods sig-
nified their anger at the conflict. But unless the eclipse is
total, the mere diminution of light is not sufficient to create
alarm ; and the totality of a solar eclipse is of short duration.
It ean never exceed four minutes. In the eclipse of the sun
which oceurred on 18th July, 1860, and which was total in the
north of Spain, the totality lasted three minutes, and it was
only during this short period that darkness prevailed.(**) The
expression of Herodotus, ¢ a night battle,” which implies that
the darkness was of some duration, must be inaceurate.

An event so striking as the occurrence of a visible eclipse of

(77) ii. 12, He fixes the time by two dates, viz., Olymp. 48. 4, and

(78) Strom. 1. 14, § 65.
(79) Doct. Temp. x. i.

(80) Berlin Transactions. 1812, and Philosophical Transactions, 1811.
Compare Ldeler, Chron. vol. i. p. 209.

(81) On the eclipses of Agathocles, Thales, and Xerxes, Phil. 'I:rans.
1853, p. 179. Compare Costard, on the Eelipse of Thales, Phil. Trans.
Abridg. vol. x. p. 310 (1758).

(82) Compare Delambre, Hist. d"Astron. Moderne, vol. i. p. 601.
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the sun during a battle, (especially if it were total, or nearly
total,) could not fail to make a profound impression at the
period in question; and its preservation by oral tradition until
the time of Herodotus is not inconceivable, or even impro-
bable. At scasons of war and danger the minds of men are
peculiarly susceptible of superstitious fears ;(*) as we may per-
ceive in the measures of Nicias respecting the eclipse of the
moon at the siege of Syracuse.

The connexion of Thales with the eclipse is subject to
greater doubts than the ocewrrence of the eclipse itself. ()

Herodotus states that Thales merely predicted the year
within which the eclipse was to occur. Now if he was able to
predict the eclipse at all, it seems ineredible that he should not
have been able to predict it within narrower limits than a year.
He is likewise reported to have predicted it to the foniaus.
If he had predicted it to the Lydians, in whose country the
eclipse was to be total, his conduct would be intelligible: but
1t seems strange that he should have predieted it to the Ionians,
who had no direct interest in the event. Other predictions of
physical occurrences, which exceed the powers even of modern
seience, and which are certainly fabulous, were also aseribed by
ancient authors to Thales. Thus he is related to have known
from his astronomical science in winter, that there would be a
large crop of olives in the ensuing year; and having been
taunted with the inutility of his philosophy, to have hired all
the oil-presses in Miletus and Chios(*®) at a low rent, and to
have made a large profit by letting them when the olive-crop

—

(83) Livy says of the first year of the Second Punic War: * Roma
aut eirca urbem multa e hieme prodigia facta; aut (quod evenire solet,
motis semel in religionem animis) multa nunciata et temere credita sunt.
xx1. 62.

(84) Martin, Timée de Platon, tom. ii. p. 109, thinks that Thales pretended
to have predicted the eclipse, after it had oceurred, or that the story of his
predietion was invented after his death. The prediction of Thales is like-
wise doubted by Lalande, Astron. § 184, 201,

(8z) It is difficult to understand why Chios should be named. Samos
1s nearer than Chios to Miletus ; but neither island belonged to Miletus
in the time of Thales. The words xai Xiw appear to be corrupt.
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was gathered.(*) In a fabulous account of the preservation of
Creesus from death by fire, in the remains of Nicolaus of
Damascus, the storm which extinguished the flames is declared
to have been foretold by Thales.(") The fall of a large aérolite
at Agospotamos in Thrace is, in like manner, stated to have been
predicted by Anaxagoras;(**) who is also said to have foretold
the fall of a house, and the oceurrence of a storm of rain during
the celebration of the games at Olympia.(*) Democritus saved
a portion of the harvest of his brother Damasus by the timely
prediction of a violent storm of rain.(")

It is, moreover, stated that Anaximander predicted an
earthquake at Sparta; which shortly afterwards occurred, and
was accompanied by the fall of a part of Mount Taygetus upon
the town. Pherecydes of Syrosis likewise reported to have
predicted an earthquake from a draught of water from a
well.("!) Other marvellous powers over nature are attributed
to the early philosophers. Thus Empedocles is stated to have

(86) Aristot. Pol. i. 11. Aristotle does not indeed give entire credit
to this story ; he says that it is a contrivance of general application which
is attributed to Thales on account of his wisdom. The story was repeated
by Hieronymus, in his {moprijpara, about 250 8.c. Diog. Laert. i. 26 (see
Fragm, Hist. Gr. vol. ii. p. 450), and is also shortly narrated by Cie. de
Ihv. 1. 49. Pliny, N. H. xviii. 68, tells it of Democritus: he says that
Demoeritus predicted the abundant olive-crop from the rising of the
Pleiads, and that he bought up all the olives.

(87) Fragm. Hist. Gr. vol. iii. p. 409. Nicolaus lived in the age of
Augustus,

(88) See Schaubach, Anaxag. Fragm. p. 41. The prediction of this
occurrence is expressly mentioned by Plut. Lysand. 12; Diog. Laert. ii.
10; Plin. N. H. 1. 59, who doubts the possibility of the prediction, as
%}Eing beyond the reach of the human mind. Ammian. Marcell. xxii. 8,

5.
(89) Philostrat. vit. Apollon. i. 2, § 2. Philostratus also_mentions the
%redi::tiun of an eclipse, as well as of the fall of stones at JEgospotamos.
or a story of Simonides receiving a divine warning of the fall of a house,
see Cic. de Orat. i1. 86.

(o) Plin. xviii. 78 ; Clem. Alex. Strom. vi. 13, § 32.

(p1) Plin. N. H. ii. 81. Plautarch mentions that in the earthquake
which occurred at Sparta, in the fourth year of the King Archidamus IL
(464 B.c.) some pinnacles of Taygetus were shaken down, Cimon, 16. The
same earthquake is alluded to by Thue. i.101. The prediction of the
earthquake from putealis aqua is attributed to Aunaxagoras by Ammian,
Mareell. xxii. 16.



90 ASTRONOMY FROM THALES [cmap. 11

moderated the destructive violence of the Etesian winds- by
forming a screen of asses’ skins on the hills; whence he
obtained the epithet of Wind-averter (xwAveaviuac).(™)

§ 4 The legislation of Solon is placed in 594 B.c., and he
was one of the Seven Wise Men whose flourishing period is
referred to the year 5586 s.c. He may be regarded as the con-
temporary of Thales.(*) Ile is stated to have reformed the
Athenian calendar, by bringing the length of the lunar month
into harmony with the sun; and by calling the thirtieth day
of the month fvy kai véa, becanse it belonged partly to the
preceding and partly to the succeeding month.(**) The meaning
of this reform appears to be, that, whereas the Athenian year
had previously consisted of twelve months, of thirty days each,
the result of which was that the months did not coincide with
the moon, Solon made the year consist of alternate months of
twenty-nine and thirty days; so that the year consisted of
354 days, and thus coincided, within about nine hours, with
the true lunar year; and each two successive months were
equal to two periodical months within about 1} hour.(*) The
reform of Solon, as reported to us, was limited to the month ;
it was intended only to make the months harmonize with the
moon. It is not stated by what method of intercalation Solon
brought a year of 354 days into agreement with the sun:

(p2) Diog. Laert. viii. 60; Suid. in ’Epmelor)is, "Aptchar et dmvovs,
Plutarch de Curios. 1, cont. Colot. 32 ; Hesych. in kwAvoavépas. Clem. Alex.
Strom. vi. 3, § 60, p. 267, Sylb. ; Porphyrius and Tamblichus, in their lives
of Pythagoras, state that he was called akefdavepos ; Tamb, § 136 ; Porph.
§29. Compare Sturz, Empedocles, p. 48 ; Karsten, Phil. Gr. Rel. vol. i1
p- 21. Martin, Etudes sur le Timée de Platon, tom. ii. p. 109, remarks :
*Les écrivaing grece les plus graves ont repété des contes populaires
oii ces premiers philosophes ¢taient considérés comme des especes de
sOrclers,’

(93) Clinton conjectures that the life of Solon may have extended from
638 to 558 p.c., F. H. vol ii. p. 301 ; but the exact times both of his birth
and death are uncertain. Ispurious epistle from Thales to Solon is in
Diog. Laert. i. 44.

(94) Plut. Sol. 25 ; Diog. Laert. i. 57 ; Proelus in Tim. i. p. 25 ; Schol.
Aristoph. Nub. 1131; Varro, L. L. vi. 10, on the expression €vg kai ¥ea a8
nppliug to the moon, see Plat. Cratyl. 24, p. 409,

(95) See Ideler, Chron. vol. i. p. 266.
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though it cannot be doubted that some method, more or less
precise, was employed for this purpose at the pericd in ques-
tion. As we shall see below, the earliest system of interca-
lation practised by the Greeks in order to rectify the year of
twelve lunations was the insertion of an intercalary month in
every second year.(*%)

The reform of Solon rendered the year less accurate than it
had previously been. He reduced it from 360 to 354 days,
and thus, finding it 5} days too short, he made it six days
shorter. His object was not to make the year coincide with
the sun, but to make the months coincide with the moon. It
appears not to have been attained in practice, owing to the
imperfect knowledge of astronomy at this period.(") Hence
the reform of Solon, while it failed in adjusting the eivil
months to the moon—an object of no real importance in a
calendar—caused the civil year to deviate more widely from
the natural year as measured by the sun.

§ 5 The next after Thales in the series of Ionic philo-
sophers was Anaximander of Miletus. His birth is placed at
610, and his death at 547 B.c.(*) He is reported to have been the
leader of the Milesian colony which founded Apollonia, on the
Euxine Sea: (") but this statement is inconsistent with the date
assigned by the ancients for the foundation of Apollonia,
namely, 609 B.c.(1™)

He is called both the disciple and companion of Thales, (1)
and was his junior by about thirty years. He left a statement

(96) Compare Clinton, F. H. vol. ii. p. 336 ; Ideler, ib. p. 270.

(97) See Clinton, F. H. vol. ii. p. 336, note e, and below, ch. iv. §5;
Thue. 11, 28, uses the expression vovunvia kard celjump, in order to designate
the time of a solar eclipse. This marks that the vovunria of the calendar did
not always agree with the real new moon.

[38} Apollodorus, ap. Diog. Laert. ii. 8. Plin. N. H. ii. 8, agrees as to
the date.

(99) Elian, V. H. iii. 17.

(100) Clinton, ad Ann. Compare Clinton in Philol. Mus. 1. p. 89;
Miiller, Hist. of Gr. Lit. vol. i. p. 321.

(ro1) Brandis, ib. p. 123.
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in prose of his philosophical doctrines ; having been the first
Greek who resorted to this method of communieation.(?*?) He
is said to have written on geography, and on the fixed stars,
and to have framed a celestial sphere, or representation of the
starry heaven, as well as a map of the earth.('””) He is like-
wise stated to have invented the gnomon, or sun-dial, and to
have set up one at Sparta, which showed the time, the seasons,
the solstices, and the equinoxes. (1%

Anaximander held that the stars were attached to move-
able spheres, whence their motions were derived :(1*°) likewise
that the fiery ether of the heaven, by the velocity of its circular
motion, carried up stones from the earth, and converted them
into stars.('”) He conceived, moreover, that the stars were
circular bodies of condensed air, containing fire, which escaped
through certain apertures : that the sun occupied the highest
place in the universe ; that after him was the moon ; and that
the fixed stars and planets came next in order. (1)

(ro2) Brandis, ib. p. 124,
(103) Suid. in *Avafipardpos; Strab. i. 1, 24; Diog. Laert. ii. 2; Aga-

themer. i. 1.

(104) Dmg Laert. ii. 1; Euseb. Preep. Ev. x. 14; Plin. vii. 56. Pliny
attributes the invention of tlm > gnomon, and the establishment of the sun-dial
ab ""pmt.a‘l to Anaximenes, ii. 76, apparently mnfoundmg the names. Suid.
in "Avafipardpos, r';nhmrpdﬂﬂp, and yropar.

(105) Stob. Phys. i. 24, p. 201, Gaisf. ; Plut. Plac. Phil. ii. 16; Galen,
¢. 13. flh(: words U’ &y éxaoros ﬁeﬁq:e appear to imply the existence of
more than one sphere.

(106) Galen de l‘hil. Hist. e. 13.

(10%) Plut. Plac. ii. 15; Ga]en Phi] Hist. e. 13. ’Awvalipardpos kai
Mi}-rpu-ﬁmlrmg 6 Xios km Kprlms' AraTaT® pEY ru;-rmp TOY ﬁlmu ﬁraxﬁm per’
abrov 8¢ Tiv celpmy, imo 8 adrods Ta dmhavy Té@r doTper kai Tovs whawjras.
Stob. Phys. i. 24, agrees with respect to Anaximander, Plut. ib. 20.
Aw:!_}'eyuuﬁpn-r kiickoy [T:Jtr r;?um.:" elvat urrmm:m-:mmrhﬂmom TS }rqs t'ippﬂﬂ'mu
Tpaxou T mp'iﬁ"u mipurl!}mnv exovra koilny, ?rhr;_::lr; mqm: qt; .-::11':: Tt ;.i.fpﬂ'i‘ €K
%m-ew i oropiov 10 wup, dowep Sua :rrpqo‘rqpnr uurmr, kai ToUT’ elvar Tov fAtor,

]]]Em‘lltlj‘ in 21. Origen, Plul p- 11 celvme B¢ 7w kukhov Tov Hhiov émTaxat
ELKOTLIT A LT LA ':I"I]Ii‘ u'{lr};-'q;', kal  AreTOT M p,a_r;u ElrL TOV ij.hmll', KOTomTaTe G TOUs
TEOF aTAarar nu‘npmu kukhovs. In the pas:,ag_,e of L}rlg‘en llut!h {.rl.‘Hdl dEI‘
Phil. n. 139, emends roi s cehqpims, and averépe pév elvac Tov fjlov, AreTdTe
8¢ tov Téw drhavdw dorépwy kikhop.  The alteration is inadmissible,
the same statement uLLura in Plutarch and Stobmus; but error in tha
reporter may be suspected

Metrodorus of Chios was a disciple of Democritus, and lived about
330 B.C.
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According to Eudemus, in his History of Astronomy,
Anaximander was the first to treat of the magnitudes and dis-
tances of the planets.(!'™) He compared the sun to a wheel ;
he held that its rays were emitted from a cavity, and that they
diverged from this centre like spokes.('”) His doctrine
respecting the sun was, that it is of circular form, with an
opaque annular band on its exterior, the circumference of
which is twenty-eight times that of the earth; that within
this annular band is a fiery central portion, equal in size to
the earth ; that the movement of the sun iz due to its opague
ring ; and that an eclipse of the sun takes place when the cen-
tral aperture is closed.("") Ilis hypothesis regarding the moon
was similar : he supposed the lnminous centre to be seen through
a tube, like the mouth of a bellows ; that the eclipses (or phases)
are caused by the revolutions of the opaque ring ; and that the
outer circumference of the ring is twenty-nine times that of the
earth.(!!!) Hence Anaximander held that the moon shone by
her own light, though that light was faint and thin. (*?)

Anaximander is further declared to have held that the earth
is a cylinder, whose length is three times its thickness, freely
suspended in space,(®) and immovable in the centre of the uni-

(108) Simplicius ad Aristot. de Ceel. 497 a, Brandis.

(109) Achill, Tat. e. 19, p. 81.

(110) Stob. Phys. i. 25, p. 203 ; Plut. Plac. Phil. ii. 20, 21, 24; Galen,
Hist. Phil. 14, who states the ratio at twenty-seven to one. Origen, Philo-
soph. p. 11

(rr1) Stob. Phys. i. 26, p. 213, 216; Plut. ib. ii. 25; Galen, c. 15;
Origen, Phil. p. 11. In Plut. ii. 29, "Avafipéims tob oropiov Tob mepi Tov
Tpoxov empparropévov, read 'AvafipavBpos, from Stobmus and Galen. For an
example of mpperip in the sense of bellois, see Apollon. Rhod. iv. 777.

(112) Stob. ib. p. 215; Plut. ii. 28 ; Galen, ¢. 15. On the other hand,
Diog. Laert. ii. 1, states him to have held that the moon is not of a lumi-
nous nature, and that her light is derived from the sun.

(113) Plut. ap. Euseb. Preep. Ev.i. 8; Plut. Plac. iii. 10, where Brandis

ro El'i]j' reads Ae@ivep xiom, Galen, ib. . 21 ; Aristot. de Cel. ii. 13 ; Origen,
E’lli . p- 11, has the following eclause: v 8¢ yqr elvar peréwpor éx’ oldevos
kparovperny, pevovoar Guwl Ty Opolar warter andortaci. T0 G oxjpa alTis
trypow, orpoyyihov, xiov Niflp wapamhnewv. The word dypiv seems redun-
dant ; and for yiom Aife read xwm Mefive, as in Plutarch. Martin, Etudes
sur le Timée de Platon, tom. ii. p. 127, is of the same opinion. Rith,
Gesch. der Phil. ii. 2, note 133, reads rpoxiv for ypdv ; but this reading is
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verse,(¥) Others, apparently with less accuracy, stated him
to have held that the earth was not eylindrical, but spherical in
form.(''") He is moreover stated to have discovered the obli-
quity of the zodiac. (%)

He accounted for the suspension of the earth in the centre
of the universe by saying that, being eguidistant from the con-
taining heaven in every direction, there was no reason why it
should move in one direction rather than in another.(*'7)

As Anaximander reduced his physical doctrines to writing,
there 1s more probability of their having been correctly pre-
served than those of Thales. We may likewise believe that he
was among the first Greecks who attempted to delineate the
celestial sphere, to make a map of the world, and to measure
time by a sun-dial, Tt was in 500 B.c. that Aristagoras of
Miletus exhibited to the Spartans a brazen plate on which a
map of the world was engraved.('®) This was at that time a
novelty to the Spartans; and Aristagoras had probably derived
it, directly or indirectly, from the labours of his fellow-towns-
man, Anaximander.

§ 6 Anaximenes of Miletus was the third in the series of
Tonic philosophers. He 18 called the disciple, companion, and
successor of Anaximander,(M?) which supposes him to have
been born about 475 B.c. He is likewise stated to have been
the teacher of Anaxagoras, who was born in 500 B.c.(*%) If
both these statements are true, it would follow that Anaximenes

inconsiztent with the context, according to which the shape of the earth is
eylindrical. .

(r14) Inanextract of the History of Astronomy by Eudemus, eited from
Dereyhdes by Theo Snu}rrnmus, c. 40, ]p 323, ed. lﬁartin (compare Fabr.
Bibl. Gr. ed. Harless, vol. iii. p. 462) the following clause oceurs : 'Avafi-
pavBpos 8¢ 6re éoriv 1) yi) peréwpos, Kai kiwveirar wepi To Tob kiopov pérov.  Mon-
tucla reads xeirar for xweirae, with the approbation of Ukert, Geogr. 1. 1.
p. 20. Beckh agrees with Ideler that Anaximander did not hold the
doctrine of the rotation of the earth on its axis. Philolaos, p. 122, note.

(115) Diog. Laert. ii. 1. (r16) Plin. ii. 8.

(r17) Aristot. de Ceel. ii. 13, § 25.

(118) Herod. v. 49.

(119) Brandis, ib. p. 141 ; Clinton, F. H., vol. ii. ad ann. 548.

(120) Clinton, ib. ad ann. 500, 480.
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reached an unusual age. The active period of his life may be
placed in the last half of the sixth century B.c., which would
make him nearly the contemporary of Xenophanes the philo-
sopher, Hecatweus the historian, and Anacreon the poet.

The following cosmical and astronomical tenets of Anaxi-
menes are reported to us: that the extreme part of the heavenly
sphere is earthy, or solid ; (**') that the stars are of an igneous
nature, but that there are certain solid substances, invisible to
our eyes, which are carried round with them ; that the stars are
fixed, like nails or studs, in the erystalline sphere; that the
summer and winter seasons are denoted exclusively by the sun,
and that they are not also marked by the moon and stars, as
was held by other philosophers ; that the stars revolve not under
but round the earth; that the sun does not descend beneath
the earth, but that its light is intercepted by lofty mountains,
when its distance is great ; ('**) that the substance of the sun is
fire, and that in shape it is flat, like a leaf; that the stars, being
impelled by the resistance of the condensed air, cause the
solstitial movements of the sun;(***) that the nature of the
moon is igneous, and therefore that she shines with her own
light ; (**) that the earth is a flat trapezium ; and that on ac-
count of this form it is supported by the air without sinking. (**)

(r21) Stob. Phys. i. 23; Plut. Plac. ii. 11; Galen e. 12. The correct
version of this sentence appears to be that of Galen : "Avaliperns Ty mepe-
Papav iy eEwrarny ynivne eivar, with which Plutarch nearly agrees. The
version of Stobmus gives no clear sense : "Avafipéins kai Happevibys miy me-
pehopiv iy éfwTdTe Tijs s elvar Tov olpardy.

(122) Stob. i. 24, p. 199 ; Plutarch, ii. 14, 19; (alen, ¢. 13; Origen,
Philos. p. 12. According to the latter writer the stars turn round the
earth, Gamepel mept i nperépny kehaknr oTpédherar TO mehiop.

The opinions attributed to Anaximenes in the latter passages are very
obscure. Compare Roth, Gesch. der Abendl. Philosophie, vol. ii. part 2,
note 298,

(123) Stob. Phys. 1. 25, p. 203 ; Plut. Plac. i1, 22, 23 ; Galen, e. 14
The meaning of the latter clause seems to be that the sun, when it is fur-
thest from the equator, approaches the stars at the poles, and squeezes the
air against them : and that their resistance to this pressure turns the sun
back in its course.

(124) Stob. i. 26, p. 213.

(125) Plut. Plac. iii. 10; Plut. ap. Euseb. Prep. Ev. i. 8; Galen,
¢. 21 ; Aristot. de Ceel. ii. 13, § 16.
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He applied the same doctrine to explain the suspension of the
sun and moon in space. (**%)

§ 7 Heraclitus of Ephesus, who may be placed in the line
of the Ionic philosophers, is stated to have flourished about
504 B.c.('*") The active part of his life probably belonged to
the last part of the sixth and the first part of the fifth century
B.c. He may be considered as nearly contemporary with
Mschylus. The obscurity of the written style in which he ex-
pressed his philosophical opinions became proverbial.

The following doctrines upon celestial matters are ascribed
to him :—

That the heaven i1s of an igneous nature; (™) that the
stars are formed of compressed fire, and are fed by exhalations
from the earth;(1*) that day and night, summer and winter,
are caused by the prevalence of bright or obscure, warm or
moist, exhalations in the sun ;(**°) that the shape of the sun is
that of a bowl, or hollow hemisphere ; that a solar eclipse takes
place when the luminous convexity is turned upwards, and the
dark concavity is turned towards the earth; that the real mag-
nitude of the sun is not greater than its apparent magnitude,
and that it is no greater than the width of a man’s foot: (')

(126) Origen, Philosoph. p. 12. tijv 8¢ 35 mhareiar eivar éx° dépos dyov-
pémy, dupoios 8¢ kai fhior kal cekpmy kai T dAha dorpa” wdvra yap Tupwa ovTa
eroyeiofa To aepe Sue wharos.

According to Eudemus ap. Theon. Smyrn. 40, p. 324, ed. Martin,
Anaximenes held that the moon receives her light from the sun, and ex-
plained lunar eclipses.

(127) He mentioned Pythagoras, Xenophanes and Hecatweus, Diog.
Laert. 1x. 1.

For an aceount of the philosophy of Heraclitus, and for a collection of
his fragments, see Schleiermacher in the Museum der Alterthums-wissen-
schaft (Berlin, 1807) vol. i. p. 315—533.

(128) Stob. Phys. i. 23,

(129) Stob. i, 24; Galen, e. 13; Plut. Plac. ii. 17.

(130) Diog. Laert. ix. 11. He held that there were exhalations from
the land and sea, some pure and bright, and some dark, Diog. Laert.
1x.49.

(131) Stob. 1. 25, p. 204 ; Plut. 1. 21, 22, 24; Galen, c. 14; Diog.
Laert. ix. 7.

Stobmxus aseribes to Heraclitus and Hecataeus the tenet that the sun

— e
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that the moon, like the sun, is bowl-shaped: (***) that the
eclipses, and also the phases, of the moon are caused in the
same manner as the eclipses of the sun—namely, by the rever-
sion of the hollow hemisphere, so that the luminous side is
turned away from the earth, either completely, or at an
angle : (1*) that the stars have the same configuration: that
the superior luminousness of the sun is owing to its position in
a clear atmosphere, remote from the earth, and the inferior
luminousness of the moon is owing to its position in a turbid
atmosphere, nearer the earth.('®) He laid it down that the
north, or the Great Bear, is the boundary between the east and
the west ; and that opposite the north is the province of Jupiter,
who presides over the clear sky. (*%)

is an dvappa voepdr 10 €k Haddrrys. Galen attributes to Heraclitus the
tenet 'Li.'iﬂt LIIE Sun IR- an i i Fi il|'.|.t:l.r m;f Jmﬁﬂ.:ﬁs‘ Tr‘jb f&ulﬁrw Exru-l, 'r;;;u' -ﬁe
o3¢ €r rais Svopals. Stuﬁmus likewise ascribes to Cleanthes the tenet
that the sun is an drappa voepiv 7o éx Gakarme, p. 206. Plutarch, ii. 20, at-
tributes it to the Stoics generally, and not to Heraclitus. According to
Diog. Laert. vii. 145, Zeno held that the sun was fed €k mje peyalys Gukar-

s voepoy dvra dvappa. It seems that there is some confusion here, and

that the opinion in guestion does not belong to Heraclitus. Compare
Schleiermacher, ib. p. 399,

(132) Stob. i.26, p.213,216; Plut.ii. 27, 28 ; Galen, ¢. 15. Plutarch,
ii. 25, and Galen have the clause : "Hpaxherros yqv dpixyhy mepreinu-
péme, concerning the moon. Stobmus has: "Hpaxhens kai "Qeedhos yqw
opixhy memeyopémr. Considering the opinion of Heraclitus respecting the
howl-shaped figure of the moon, it seems certain that the reading of
Stobseus is correct, and that this tenet belongs to Heraclides.

(133) Diog. Laert. ix. 9, 10. Stobeus, i. 26, p. 216, has the following
clause : "Adxpaiwr, ‘Hpakheros, "Avrichavros kata mjy rov okadoebods orpodiy,
kai Tis mepuchioers.  In Galen, . 15, and Plutareh, ii. 29, it stands thus :
‘Hpikheiros kard Ty Tov okapoedols gvorpodiy. 'Avridhavros is a corrupt
form, for which 'Avrupav is restored by Heeren. eorpojr in Stobaus is
correct : overpodne in Galen and Plutarch is an error, and does not give
the required sense. The word mepikhirs is not in the dictionaries, but its
meaning 18 clear. Compare Achill. Tat. e. 21, p. 83, «kara pyra 8¢ edeime
|71 oehqen ], dos pév "Hpdxhewrds naw, dpoiws 7¢ Jhin ToU oToadovs oyfparos
avacTpagerros,

(134) Stob. ib. p. 216 ; Plut. ii. 28 (whose version is the best) ; Galen,
c. 15.

(135) Stob.i. 1, § 6. Zels aipros.

Compare the verse of Theocritus :

Xa Zebs d\hoka pév weke aiblpios, ailoxa 8 Ve,
Id. iv. 43,

Jupiter was supposed to preside peculiarly over rain aud fine
H
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Heraclitus is likewise stated to have formed a long period
of 18,000 solar years;(}*®) but with what view, whether astro-
nomical or chronological, does not appear.

§ 8 The accounts as to the lifetime of Xenophanes of
Colophon, the founder of the Eleatic School, are conflicting,
but his flourishing period may be placed with probability from
540 to 500 B.c.(®7)

Some of his cosmological tenets have been preserved. He
held that the stars consisted of fiery clouds ; that they are ex-
tinguished every day, and are lighted again at night, like coals :
and that this alternation of flame is the cause of their risings
and settings.('®) He believed the sun to be formed in the
same manner as the stars ; and to be renewed every day. He
conceived that a solar eclipse is caused by the sun’s extinction ;
and he related that an eclipse of the sun had once lasted an
entire month, during which time there had been no day.('*")
Ile likewise held that there are many suns and moons, ap-
propriated to different zones of the earth : and that the sun
sometimes deviates into a portion of the earth not inhabited by
us, in which case it disappears, as it were, in a cavity, and be-
comes eclipsed to our portion of mankind. He explained the
apparent rotation of the sun round the earth by the vast dis-
tance to which it is carried.(”) His doctrine concerning the
moon was that it is formed of compressed cloud ; that it shines

weather. See Aristoph. Nub. 368—73. Jupiter was coneeived as dwelling
in the pure ether. Thus Euripides says :
dprvped’ fepor aiflep” olknawr Auds.

Melanipp. Soph. Frag. 7. Dind. and Aristoph. Ran. 100, speak of
aifépa Aws Swpdrior,

(136) Stob. i. 8, p. 97. Compare Schleiermacher, ib. p. 396.

(137) Karsten, Phil. Greee. Rel. vol. i. part i. p. 10, places the life of
Xenophanes from 600 to 500 B.c.

(138) Stob. Phys. i. 24, p. 199 ; Plut. Plae. ii. 13 ; Galen, ¢. 13 ; Achill.
Tat. ¢. 11, p. 79.  avBpal means eharcoal, which is the original sense of
our word ecoal, as well as the present sense of the German kolle.

(139) Stob. Phys. i. 24, 25; Plut. ii. 20 ; Galen, e. 14. These notices
are not quite consistent with one another.

(140) Stob. Phys. i. 25; Plut. ii. 24; Galen, c. 14.
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with its own light ; and that its phases are owing to the ex-
tinetion of its light. He remarked that the sun is necessary
for the production and preservation of the world and of the
living things which it contains, but that the moon is a super-
fluity.(*"') He likewise held that comets and meteors are com-
posed of ignited clouds.(**) His doctrine concerning the earth
was that its foundations are infinite in depth.(**®) He therefore
held it to be motionless, and not of a spherical figure.

S 9 Parmenides of Elea, who likewise belonged to the
Eleatie School, appears to have been born about 520 s.c., and
to have flourished about 460 B.c.:(**) he was considered in an-
tiquity to have been the disciple of Xenophanes, although
Aristotle does not speak with confidence as to this fact.(!%)

He is reported to have held the following doctrines: that
the universe is composed of three ecircular bands, surrounded
by a solid firmament, like a wall. That the highest of these
bands is of air ; that the next, or the heaven, is of fire ; and that
the third is the terrestrial cirele.(*4®) That the air is secreted
from the earth ; that the sun is an evaporation from the fiery
band ; and that the moon is a mixture of fire and air ;(**") that
the stars are formed of condensed flame ;(1**) that the Morning

(141) Stob. Phys. i. 26; Plut. ii. 25 ; Galen, e¢. 15.
(142) Stob. Phys. i. 29 ; Plut. iii. 2 ; Galen, ¢. 18.
(143) Aristot. de Ceel. ii. 13, § 12. The verses in which he laid down
this doctrine are preserved in Achill. Tat. e. 4.
yains pév Tide metpas drw mip morair dpara
aibept mpoorhalor, Ta kiTw 8'€s amepor ixdve.
According to the emendation of Karsten, ib. p. 49. THpormlifw is an
Homerie word : it occurs both in the Iliad and the Odyssey. The astro-

nomiecal doetrines of Xenophanes are copiously illustrated by Karsten, ib.
p- 164—183.

(144) The date of Parmenides is examined by Karsten, Phil. Gr. Hel.
vol. i. part 2, p. 3—9.

(145) Metaph. i. 5. Compare Diog. Laert. ix. 21 ; Clem. Alex. Strom.
i. 15, § 64; Sext. Emp. p. 213, ed. Bekker. Suidas in HapperiSis.

{140) Stob. Eel. i. 22, 23 ; Plut. Plac. 1. 7; Galen, ¢. 11 ; Euseb.
Prap. Evang. xv. 38; Cie. N. D. i. 11.

(147) Stob. Eel. ib.

(148) Stob. Phys. i. 24. Concerning an opinion ascribed to Anaxi-
menes and Parmenides, see above, p. 95, n. 121.

H 2
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star, which he identified with the Evening star, occupies the
highest place in the ether, and that next in order comes the
sun ; and that under the sun are the stars, in the fiery hea-
ven :(1*) that the sun and moon are equal in size, but that the
moon receives its light from the sun : (™) that the phases of the
moon are caused by the mixture of fiery and opaque elements
in its composition, whence he called the moon psewdo-fuminons.
(Yevdogavie).(**') He is stated to have been the first who
taught that the earth is spherical, and is sitnated in the centre
of the universe.(!*®) It is consistent with this account that
the first division of the earth into five zones was ascribed to
him :(1*%) for this division naturally implies a spherical or at
least a hemispherical figure.

§ 10 Xenophanes and Parmenides selected hexameter
verse as the vehicle of their physical speculations, and
gave the first examples of the philosophical didactic poem.
In this respect they served as a model to Empedocles
of Agrigentum, who flourished about 455 — 444 g.c.,(1%)
and who is stated to have heen the disciple of Parmenides.(1%)

(149) Stob. i. 24. That Parmenides was the first to identify the
Morning and Evening stars was stated by Favorinus in the fifth book of
his Commentaries. Diog. Laert. ix. 23. Favorinus lived at the time of
Hadrian.

(1z0) Stob. i. 25, 26; Plut. ii. 26.

(151) Stob. Eel. i. 26. This paragraph does not oceur in Plutarch and
Galen, and as the same opinion is previously attributed by Stobzus in
nearly the same words to Anaxagoras, there is probably some error.

{152) Diog. Laert. ix. 21.

(153) By Posidonius, ap. Strab. ii. 2, 2. The ecosmology of Parmenides
is illustrated by Karsten, ib. vol. i. part 2, p. 240—256.

(154) Karsten, Phil. Gr. Rel. vol. ii. p. 12, supposes Empedocles to
have lived from 492 to 432 B.c.

According to Aristotle, cited by Eratosthenes in his work on the
Olympie eonquerors, the grandfather of Empedocles was vietor in Olymp.
71 (496 B.c.) Diog. Laert. viii. 51, 52.

Empedocles was subsequent to the expedition of Xerxes against
Greece, upon which subject he left an unfinished poem. Diog. Laert.
vili. 57.

Some extant verses of Empedocles appear to refer to Pythagoras,
Karsten, Phil. Gr. Rel. vol. ii. p. 150, 297. The person in question is
spoken of as no longer alive.

(155) Diog. Laert. viii. 55, 56. The poem of Empedocles was doubtless

e
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Empedocles may be regarded as the contemporary of Hero-
dotus. (1)

He is related to have held the following doetrines on the
heavenly bodies. That the heaven is a solid firmament, formed
of air condensed’ by fire, so as to assume the substance of ice;
that the matters of fire and air are included within its two
hemispheres ;('*") that the stars are of a fiery nature, being
formed of particles of fire separated from the air; that the fixed
stars are fastened to the crystalline vault, but that the planets
are free ;(1**) that the circuit of the sun is coincident with the
boundary of the universe:(**?) that there are two suns; one,
formed of fire, placed in the lower hemisphere, and invisible to
us ; the other, in the upper hemisphere, opposed to the invi-
sible sun, and sharing in its motion; reflecting its own light
from the fiery air upon the earth: that the retrograde move-
ment of the sun at the solstices is produced by the resistance
of the containing sphere; that the sun of the upper hemisphere
is equal i magnitude to the earth; and that it suffers an
eclipse when the moon intervenes between it and the earth ;('%%)
that the substance of the moon is mist congealed or hardened
by fire, and that its shape is that of a disc: that it is Lighted
by the sun; and that its distance from the sun is twice as
great as its distance from the earth ;('°!) that the universe is

the r;mdézl which Luecretius had before his eyes. See the eulogy of Lim in
1 727—34.

(150) Both Herodotus and Empedocles went as colonists to Thurii,
which was founded in 443 B.c. Ihog. Laert. viii. 52,

(157) Stob. Eel. i. 23; Plut. Plae. ii. 11; Galen. c. 12; Achill. Tat.
Introd. in Arat. ¢. 5. Compare Sturz, Emped. p. 321. The word
kpuoraihos always meant #ee in the earlier writers, though the later writers
use it for erystal. The expression Yruypis xixhos appears to be used in the
sense of erystalline orb by Alexander Atolus in the verses cited by Theo
Smyrnewus, e. 15, p. 186, ed. Martin. Crystallus always signifies crystal in
the Latin writers.

(158) Stob. Eel. i. 24; Plut. ii. 13 ; Galen, c. 13 ; Sturz, ib. p. 334

(159) Stob. Eel. i. 21; Plut. Plac. ii. 1.

(160) Stob. Eel. i. 25; Plut. Plac. ii. 20, 23 ; Galen, c. 14.

(161) Stob. Eel. i. 26; Plut. ii. 27; de facie in orbe lunm, e 16:
Euseb. Prep. Ev. 1. 8. The verse of Empedocles, cited by Plutarch,
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egg-shaped, and that the width of the heaven is greater than its
height above our heads.(**®) Empedocles explained the eleva-
tion of the northern pole, the depression of the southern pole,
and the inclination of the world, by the impulse of the sun and
the consequent withdrawal of the air. (15) '

He held the earth to be motionless at the centre of the
universe ; and he attributed its state of rest to the rapid eir-
cular movement of the heaven around it. He compared this
effect to the water in a cup, which when whirled round rapidly
is prevented from falling to the ground.('®) He conceived the
heaven to be an elongated sphere, similar to an egg. (%)

§ 11 Anaxagoras of Clazomenz belonged to the Tomic
School of philosophy, and he is reported to have been the dis-
ciple of Anaximenes.(') This statement, however, cannot be
reconciled with the chronology of the two philosophers ; for the
birth of Anaxagoras is placed at 499 B.c., and that of Anaxi-
menes at 575 B.c. Anaxagoras removed from Clazomene to
Athens; and in this city he imparted his opinions on physical
scienee to Pericles, Euripides, Archelaus, and Thucydides the
historian.(") He was accused of impiety at .!\thcns, and was

de fac. in orbe lunm, e. 2, is correctly given "ytlenbach: fhuos
nEuﬁe}u;r 78" Dhdeepa aehpm.  Sturz, p. 332, misled {3; the false reading,
n6e  Adiva, says that Empedocles composed the moon of stone. He
called the moon i\dewpa, because her fllﬂl 18 never smn.lnng, nor her
light d.ﬂullng The emendation of Karsten, 78 u'}rlfuﬁﬂ'u'u ceAn,
ib. vol. ii. p. 217, and that of Mullach, l'ragm Phil. Gr. p. 7, are not
needed.

(162) Stob. 1. 26; Plut. ii. 31 ; Galen, e.15; and Euseb. Prap. Evang.
xv. 53. Stobmus represents Empedocles to have held that the distance of
the moon from the earth is twice her distance from the sun.

(163) Plut. Plac. ii. 8; Stob. i. 15 ; Galen, ¢. 11; Euseb. Prep. Ev.
xv. 39.

(164) Aristot. de Ceel. ii. 13, § 21; iii. 2, § 3. Empedocles ridiculed
the notion of Xenophanes, that the fmmdahﬂu:s of the earth are infinitely
deep, ib. ii. 13, § 12. See above, n. 143.

(165) Stob. Eel. Phys. i. 26. Coneerning the astronomical and phy-
sical doctrines of Empedocles, see Karsten, ib. vol. ii. p. 416—440; Sturz,
Emped. p. 321. An extant poem, in 168 iambic verses, entitled Sgpaipa, is
ascribed to hmpcduclea; but it 18 borrowed from Aratus, and 1s of late
date. See Fabr. Bib. Gr. vol. i. p. 814, 825, ed. Harl. Sturz, ib. p. 88.

(166) See Schaubach, Anaxagore Fragmenta {Ltl:s 1827), p- 3.

(167) Schaubaeh, ib. p. 17—33. A full account of the influence of the
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defended by Pericles. At the close of his life, he migrated to
Lampsacus, where he died at about the age of seventy, and
therefore about 430 B.c.(!%)

Like his predecessors in the Tonic School, the attention of
Anaxagoras was exclusively directed to speculations concerning
Nature, and especially to celestial phenomena.('®) He is re-
ported to have said, in answer to a question, that he was born
for the contemplation of the sun, the moon, and the heavens.('"")
Mount Mimas, near Miletus, 1s mentioned as the seat of his
astronomical observations.('’') The epitaph inscribed on his
tomb by the Lampsacenes described him as having carried
astronomical discovery to the furthest possible limit.('"®) Tis
travels to Egypt (where he was supposed to have acquired

—_——— —

teaching of Anaxagoras upon Pericles is given by Plut. Per. 4—6. Perieles
learnt perewpoloyia from Anaxagoras, Plat. Phadr. § 120, p. 270. Pericles
conversed with philosophers ; first with Pythoeleides and Anaxagoras,
afterwards with Damon, Plat. Aleib, 1. § 30.  The instruction of Pericles
by Anaxagoras in physies is mentioned by Cie. Brut. 11 ; his instruction in
]i- Orat. 11i. 34. Some verses of Alexander Etolus describe Euripides
as "Awafaydpov Tpigupos yaiov, Meineke, Anal. Alex. p. 247. See Gell.
xv. 20. Euripides was born in 480, and Thucydides in 472 B.c. The exact
year of the birth of Pericles is unknown: ])Il" was probably born about
495 p.c. Anaxagoras 18 related to have predicted the fall of the aerolite
at Agospolami, which is referred to 469, 467, and 465 p.c. (Schaubach,
p. 42.) The most authentie account of the lifetime of Anaxagoras is that
of Anristotle, who says that he was prior to Empedocles in age, but snbse-
quent in the publication of his writings, Metaph. i. 3. Empedocles nas
probably born about 480 B.c., and belonged to the same generation as the
Athenian diseciples of Anaxagoras. This statement agrees well with the
supposition that Anaxagoras was born about 500 B.c. Clinton fixes the
prosecution of Anaxagoras at 432, and his death at 428, p.c. Eusebins
states that Anaxagoras flourished Ol. 69.3, 502 n.c., and died Ol. 79.3,
462 B.c.

(168) Aleidamas, ap. Aristot. Rhet. ii. 23, 11, states that the Lamp-
sacenes gave Anaxagoras a publie funeral, although he was a foreigner ;
and that they continued to suow him public honours, even in the writer's
lifetime. Alcidamas lived in the generation between Anaxagoras and
Aristotle.

(169) Aristot. Eth. Nie. vi. 7.
(170) Diog. Laert. ii. 7, 10. See Schaubach, p. 9.
(171) Philostrat. vit. Apollon. ii. 5.
(r72) Diog. Laert. ii. 15; /Elian, V. H. viii. 19.
l‘?-l-"ﬂliﬁi f; TT;‘.EIWJ'P !{hqﬂﬂrﬂf E:Ti':- T'E'}JFU Ffpféf?:if
ovpaviov kéopov kelirar 'Avafaydpas.
Plut. Per. 5, describes Pericles as baving learned perewpoloyia and pe-
raprwieryia from Anaxagoras,
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physical science from the priests), are imperfectly attested, and
appear to be a mere figment of late writers.(1™) He was like-
wise a geometer, and he is said to have written upon the quad-
rature of the circle while he was in prison on the charge of
impiety. (174)

The following are the most important astronomical doctrines
which are attributed to Anaxagoras. He held, with Anaxi-
menes, that the earth is a plane ; and that on account of its
flat shape it is buoyed up and sustained by the air. He con-
ceived it as immovable in the centre of the universe.('™)
He supposed the sun and stars to move in eircular orbits
round the earth ; and to pass under it during the invisible part
of their course.('®) With respect to the composition of the
heavenly bodies, he conceived them to he stones which had
been carried up to heaven by the force of its cirenlar or vor-
tical motion, and had been ignited by the fiery firmament.(177)
He held the sun to be larger than the Peloponnese, and to
be a mass of ignited stone.(!™) Anaxagoras is said to have

(r73) Ammian. Mare. xxii. 16; Theodoret. Affect. Gree. 2 ; Cedren.
Chron. vol. i. p. 165, ed. Bonn. Compare Schaubach, p. 13 ; B-l_', le, Diet.
Anaxagore. The statement is rejected by Schaubach, ib. ; R1tler Gesch.
der Phil. vol. i. p. 290,

(174) Plat. Erast. ad init. ; Plut. de Exil. 18. Compare Schaubach,
p- 98.

(178) Th:}g Laert. ii. 8 ; Origen. Philos. p. 14. v 8¢ ynr 1o oynuar:
Thﬂrnuu elvar Kal pévew Fenmpnu Bel 10 pt}rﬁﬁng Kai Bm ru pu';uﬁir.r elval Kkevow,
kai Sua 0 Tov aepa fﬂ'xupuﬂlrov dvra q.vfpfw emoxovperny iy yqr.  According
to Aristot. de Ceel. ii. 13, § 16, Anaximenes, Anaxagoras, and Democritus
considered the breadth of the earth as the cause of its lrI'II'I]CI-IJllI.I-j" Sim-
plicius, ad Aristot. de Ceel. p. 91 B, p. 124 4, distinetly states that Anax-
agoras held the earth to be motionless at the centre. Compare Schaubach,
p. 174-5.

(176) Aristot. Meteor. i. 8 ; Plut. Plac. iii. 1; Origen, ib. p. 14.

(177) Plut. Plac. ii. 13; Origen. Phil. p. 14; Euseb. Prep. Evang.
xv. 30; Plut. Lysand. 1‘3, Diog. Laert. ii. 12.

(178) Plut. Plae. ii. 21; de fac. in orbe lun. 19 ; Diog. Laert. ii. 8;
Stob. Ecl. 1. 25, 3; Achilles Tntma Isag. c. 2, 11. The expression whlr:h
he applied to thc sun was that it is a pvdpes Gamvpes. See }\en Mem. iv.
7, 7; Plat. Apol. 14 ; and numerous other passages cited by Schaubach,
P 139—142. pudpos meant in general a heated mass of iron fresh from
the furnace. Sophocles, Ant. 264, applies it to the bars of iron used in
the fiery ordeal. Aristotle applies it to the heated stones ejected from
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predicted a celebrated aérolite which fell at Fgospotami, in
Thrace, about the year 468 B.c.;('™) and at all events he ex-
plained this phenomenon by his hypothesis of stones attracted
from the earth, and revolving in the heaven. Ile considered
the moon to be an earth, having in it plains, mountains, and
valleys; and likewise containing inhabitants.(**") He derived
its light from the sun.("®) Anaxagoras explained eclipses of
the moon, by the interposition of the earth bhetween the sun
and the moon ; and he explained eclipses of the sun by the in-
terposition of the moon between the sun and the earth, at the
new moon. IHe likewise supposed that eclipses might be caused
by the opaque stony bodies revolving round the earth. He is
stated to have been the first who wrote with boldness and free-

==

/Etna. See Schol. Callim. Dian. 49. The word is derived from pvddw, to
melt. Concerning pidpes Suimupos, see Bayle's Dict. art. Anaxagore, note B.
The tenet of Anaxagoras respecting the sun is held by the ancient com-
mentators to oceur in Euripivﬂ.:s. Yorson, ad Or. 971.

(179) The date of this eventis fixed by the Parian Marble, at Ol. 78.1—
468 B.c.; by Plin. ii. 58, at Ol. 78.2 (467 B.c.); and by FEusebius at
Ol 79.1 (464 B.c.) As to the connexion of Anaxagoras with it, see Diog,
Laert. ii. 10, 12; Plut. Lysand. 12; Plin. ubi sup. Amm. Mare. xxii. 8,
%5. The event was mentioned by Diogenes of Apollonia, Stob. Eel.

*hys. i. 24 ; Plut. Plae. ii. 13; and is referred to by Aristot. Meteor. 1. 7.
Plutarch states that the stone was shown in his time, and was worshipped
by the Chersonites. Compare Schaubach, p. 41. The fall of the aérolite
15 made by Plutarch contemporaneous with the end of the Peloponnesian
War (405 B.c.) ; but this date differs from the other statements, and is,
moreover, inconsistent with the reference to Anaxagoras, who had been
dead more than twenty years., Compare Ideler ad Aristot. Meteor. vol. 1.

. 404,

. An aérolite, weighing 200 lbs., fell in Upper Alsace in 1492. The
Emperor Maximilian I. treated it as a warning from God to men, and
caused it to be suspended in a neighbouring church. See Coxe's Hist. of
the House of Austria, vol. i. p. 455.

The reality of aérolites was doubted in modern times, and was not
established among men of science till the beginning of this century. Masses
of meteoric iron, of immense size, have fallen in different parts of the
world. The aérolites mentioned in Livy are collected in Steger’s Pro-
digien, p. 64.

(180) Plut. Apol. 14; Plut. Plac. ii. 25; Stob. Eel. i. 27; Euseb.
Praep. Ev. xv. 26; Diog. Laert. ii. 8; Orig. Phil. p. 14. Some Orphie
verses describe the moon as inhabited, Proel. Tim. p. 154 4, 283 B. fragm.
9, p. 470, ed. Hermann.

(181) Plat. Cratyl. § 56, p. 409; Plut. de fac. in orbe lun. 16; Dlac.
ii. 30 ; Stob. Eecl. i. 27 ; Origen. Phil. p. 14.
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dom concerning the physical causes of eclipses.('™) It may be
remarked that Thucydides knew that an eclipse of the sun takes
place at the new moon, and that an eclipse of the moon takes
place at the full.(™) It is not improbable that he may have
derived this knowledge from Anaxagoras. It is certain that
the physical nature of eclipses was practically unknown to the
Athenian army at Syracuse in 413 .c.('®)

Anaxagoras attributed the solstices of the sun and the
phases of the moon to the same cause, namely to the resistance
of the cold air, caused by the pressure of the moving body.
This resistance the body was unable to overcome, and was
therefore turned back in its course.(**”) He knew the difference
between the planets and the fixed stars ; but he does not seem
to have known the number of the former; he appears to have
regarded them as meteors, of no definite number, and with no
fixed orbits : hence he explained comets to be produced by the
concourse of planets, and by their combined splendour. (**)

Anaxagoras seems to have been the first of the Greek
speculators upon celestial subjects who was regarded as an
atheist.(**7) He incurred this charge by substituting mecha-

(182) Stob. Eel. i. 27; Origen. Phil. p. 14; Plut. N w 23. ﬁsxmllar
hﬂmtlmais 15 deseribed h],- Anstotle, de Cal. 11. 1.3, i fums 8¢ foxel kal
'r.?mu.: gopaTa ToaiTa evie xmﬂut tfnpfrrﬁu; wepl TO pecov, fuiv de uﬁlj?m dudt
T:I‘;'Il' Errl?rpun'ﬂi]frw ':‘;:;5' yns.  Aw kat Tas TI5 u'-e}'l.:r‘w}; t—n:\én\[:éu, mAEloUs :|1I '?‘4:1;'
TOU :;Fl.um T}-yfuﬂm Gaow Tav yap e m}u'vmv éxagTor @mmiPpdarTar alTiy,

ak\\’ ob pivov miw yiv.  The attempts of Roth to discredit this passage,
Gesch. der Abendl. Phil. ii. 2, note 1300, are futile.

(183) Thue. ii. 28, iv. 52, vii. 50. This knowledge had become fami-
liar at a later date. Macrobius in Somn. Scip. 1. 15, § ii. remarks : ‘Ideo
nee sol unquam deficit, nisi cum tricesimus lune dies est, et nisi quinto
decimo cursus sul die nescit luna defectum.’ Geminus, e. 9, remarks that
lunar eclipses take place only at the full moon.

(184) Thucydides speaks contempiuously of Nicias as being too much
devoted to divination and similar superstitious devices; but he says that

the army were terrified by the omen, and pressed Lim to stay, and he
does not mention any advice of an opposite tendency.

(185) Stob. Eel. i. 26 ; Plut. ii. 23; Origen. Phil. p. 14.
(186) Aristot. Meteor. i. 8; Pluat. Plac. iii. 2 ; Diog. Laert. ii. 9. Com-
pare Schaubach, pp. 166-8. '

(187) Lucian, Timon. 10, riv cofuariy "Avafaydpar, bs f::rﬂﬂe Tols GuAnTis
pndé Ghws etval Tevas fpas tols feols. Iren. adv. Her. ii. 14, Anaxagoras
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nical and unprovidential forces for the direct agency of the
gods ; (') and by reducing the heavenly hodies, which were
believed to be of a divine nature, to a terrestrial standard, and
to earthy materials. Similar doctrines had, indeed, been pro-
mulgated by preceding ‘philosophers : but he spoke out with
greater plainness and courage, and probably carried his phy-
sical explanations further than his predecessors.('®") Thus his
doctrine that the sun i1s a mass of ignited stone, gave great
offence ; the popular belief still being that the sun was a god
who drove his chariot across the sky from east to west.('")
His hypothesis of stones revolving in the air—which was
probably suggested by the aérolite of Agospotami—was like-
wise regarded as atheistic.('") Iis degradation of the heavenly
moon to a level with the earth—by his supposition that she

autem, qui et atheus cognominatus est. Aristides, Orat. 45, vol. ii. p. 80.
Dindorf. classes Aristagoras with Diagoras the Melian.

(188) Plutarch, speaking of the eclipse of Nicias, says: od ydp frelyovro
Tous uaikols kal METE@PONETYAS TOTE KaAOUMErouUs, ws €ls airias aldyovs Kal
-a'l!ll'dr’..lﬂ:; r:'r..‘p::wn}'ruuz; kil xurqun'].rmur};e’:-u ﬂ'ri-ﬂq amTpf'l':'ﬂirrn;' T E:‘I'Eiup,uz:;ic. 23.
Xen. Mem. iv. 7, 6, describes Anaxagoras as & péywrror ¢povijoas é€mt T¢
vas Tov deav pnyavas efpyeicfae.  Diod. xv. 50, speaking of a eomet which
RIJPEEH"E-EI in Greece in 372 B.C., Bays: oL BE Ty :}‘mu’:x&m r;;i-' Tf:.-scrw 1‘;}5'
Aapmalos els uowas airias dvéepor, dmohawdperor Ta TowtTa parTdrpara
Karnraykarpeves yiverfar ypivors @purperars.

With the criticisms on the irreligious opinions of Anaxagoras, compare
the following verses from the Dunciad (iv. 469) :—

All-seeing in thy mists, we want no guide,
Mother of arrogance, and source of pride!
We nobly take the high Priori road,

And reason downward, till we doubt of God :
Make Nature still encroach upon his plan,
And shove him off as far as e’er we can;
T'hrust gome mechanic cause into his place ;
Or bind in matter, or diffuse in space.

(189) Plutarch, ib., says that Anaxagoras was the first who wrote with
boldness concerning the cause of eclipses; but that at the time of the
Athenian expedition to Sieily, his opinions were limited to a few, and were
only mentioned in confidence.

(190) Joseph. cont. Apion. ii. 37 : "Avafaydpas 8¢ Khafopémos = @A)’
ore voplovrwr Afpraiwr Tor fhov elvar Beor, 6 8" atror i pulpoy evae Sua-
:‘]FUPTJ‘I-", ﬂl’j]’r"ﬂ-ﬂ'ﬁl" I'H!"rﬂ‘ﬁ ﬂ'{l{j‘ l}.}ll"}ﬁrlﬂ' 1!’15‘:?}‘:”5' x{lTE’THmﬂ'ﬂI‘..

(191) Plato, Leg. xii. p. 967, speaks of this tenet as an atheistic error
which had brought diseredit upon astronomy, and had deterred men from
the study of it.
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had plains, and mountains, and valleys, and might even be
inhabited—was also considered as an unauthorized freedom of
speculation. (") His opinions on astronomical subjects, but
principally his doctrine concerning the composition of the sun,
gave rise to the prosecution for impiety which is said to have
been brought against him either by Thucydides, the opponent of
Pericles, or by Cleon. He was defended by Pericles, and
certainly escaped with his life ; he appears to have been thrown
into prison, and perhaps to have been sentenced to a fine. (%)
It is also stated that a decree was carried at Athens by
Diopeithes, about the beginning of the Peloponnesian War,
declaring that persons who denied the existence of gods, or
who published opinions concerning celestial phenomena, should
be prosecuted ; this decree was aimed at Pericles on account of
his connexion with Anaxagoras. (1*)

The prosecution of Anaxagoras is referred by Clinton to the
year 432 B.c., about two years before his death, and when he
was nearly 70 years old. (%)

Anaxagoras likewise offended the religious sentiments of
the people by giving physical explanations of prodigies, (") and
by allegorizing the gods of Homer; for example, by con-

e —

(192) See Plat. Apol. 14, where the published doctrines of Anaxagoras,
that the sun is made of stone, and that the moon is an earth, are elassed
together as irreligious opinions, such as Meletus might muke the subjects
of criminal prosecution.

According to Favorinus, the doctrines of Anaxagoras eoncerning the
sun and moon were not his own, but were borrowed from some previous
speculator, IMog. Laert. ix. 34. He did not, however, specify from whom
they were derived.

(193) Plut. Per. 32 ; Nie. 23 ; Diog. Laert. 1i. 12, 13 ; Diod. xii. 39.

Plut. de Superstit. 10: "Avafaydpas Sikny éfuyer doeSelas émi o Moy
elmeiv Tov fhwr.  Compare Josephus, n. 190.

(194) Plut. Per. 32. On the accusation of Anaxagoras, see Sintenis, ad
Plut. Per. 32, p. 220.

(195) Protagoras, in his treatise wepi fedw, professed perfeet seepticism
concerning the existence of the gods, Sext. Emp. ix. 55; Diog. Laert. ix.
561. Hence he was regarded as an atheist, Cie. N. D. i. 2, 12; and he was
banished from Athens. He died in crossing the sea in an open boat. His
death took place about 411 B.c., in the interval between the prosecutions
of Anaxagoras and Socrates.

(196) Plut. Per. 6.

i ST
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verting Jupiter into Mind, and Minerva into Art.(""") The
latter method of interpretation may have suggested to Thucy-
dides the historieal rationalism by which be reduced to proba-
bility the Homeric narrative of the Trojan War.

§ 12 Diogenes, a citizen of Apollonia, in Crete, appears
to have been a contemporary of Anaxagoras,(!”) and to have
addicted himself to physical philosophy. Like Anaxagoras, he
supposed that the aérolite of Egospotami was one of the stones
which revolved round the earth with the stars.('*®) He con-
ceived the sun and other heavenly bodies to be formed of a
porous substance, like the pumice-stone, and to receive light
and heat from the mether.(**) He attributed the inclination of
the earth’s axis to a provision of nature, for the purpose of
producing a variety of climates. (*")

§ 13 Socrates belonged to the generation next after that
of Anaxagoras. He was born in 469 B.c.,, and he was con-
demned to death, at the age of seventy, in the year 399 B.c.
The comedy of the Clouds was acted in 422 v.c.; but although
Socrates was then nearly fifty years old, the character of his
teaching and of his philosophical opinions was completely mis-
understood by Aristophanes and the Athenian people. Socrates
had nothing in common with the philosophers of the Ionie
School, from Thales to Anaxagoras. The characteristic pecu-
liarity of his philosophy was, that it avoided all specunlation
concerning the universe, and the movements of its component
parts ; that it descended from the celestial sphere to the surface
of the earth ; from the wther and the region of the gods to the
dwellings of men; and that it was occupied exelusively with
human feelings, actions, and interests. His teaching was
neither cosmological nor astronomical, but ethical and poli-
tical.(*"™)

(197) Schaubach, p. 37.

(198) Brandis, ib. p. 273. He is ealled a disciple of Anaximenes.

(199) Stob. Ecl. i. 24; Plut. Plac. ii. 13.

(2c0) Stob. Eecl. 1. 24, 25, 26 ; Plut. Plac. ii. 13 ; Galen, ¢. 13.

{201) Plut. Plaec. ii. 8.

(202) Aristotle states that in the time of Socrates—rd (yreiv Ta mepi
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Nevertheless, when Socrates had made himself unpopular by
his contentious and sceptical method of argument; when he
had wounded the vanity of his fellow-citizens by questioning
the grounds of their traditionary and apparently intuitive opi-
nions on some of the principal concerns of life; and when he
had set himself in hostility to the current feelings of the
Athenian public; the great comic poet, who fixed upon him as
a fit subject for satirical exhibition upon the stage, did not think
it worth while to inquire either of the friends or the argumenta.
tive antagonists of Socrates, what were his real opinions. He
had not committed his philesophy to writing, and published it
to the world ; his disciples had not yet begun to act as his ex-
ponents, and to write down his conversations. The Athenians
were not a reading publie, to whom his speculations could per-
colate through newspapers and reviews. Hence the prejudice
which Aristophanes excited against Socrates was not less un-
founded, and the picture which he drew of Socrates was not less
unlike, than if Bacon had been deeried by his contemporaries
as an Aristotelian, and Hobbes or Spinosa as an abstruse theo-

Pioews Enbe, mpos 8¢ Ty xpoypor dperiy kal Ty wolwriiy dmékhvar of (ilo-
gotpotvres. De Part. An. 1. 1. Abantiqui philosophid usque ad Socratem
(qui Archelaum, Anaxagors discipulum, audierat), numer: motusque trac-
tabantur, et unde omnia orirentur, quove reciderent: studioseque ab his
siderum magnitudines, intervalla, eursus anquirebantur, et cuncta ceelestia,
Socrates autem primus philosophiam devocavit e ccelo, et in urbibus eollo-
cavit, et in domos etiam introduxit, et coegit de viti et moribus rebusque
bonis et malis gquerere. Cic. Tuse. Disp. v. 4. Quo etiam sapientiorem
Socratem soleo judicare, qui omnem ejusmodi curam deposuerit; eaque
qua de naturd quererentur, aut majora quam hominum ratio consequi

osset, aut nihil omnino ad vitam hominum attinere dixerit. Cic. de Hep.
1. 10. Socrates mihi videtur, id quod constat inter omunes, primns a rebus
occultis et ab ipsd naturd involutis, in quibus omnes ante eum philosophi
oceupati fuerunt, avoeavisse philosophiam, et ad vitam communem addux-
isse: ut de virtutibus et vitiis, omninoque de bonis rebus et malis quareret,
ceelestia autem vel procul esse a nostri cognitione censeret, vel, si maxime
cognita eszent, nihil tamen ad bene vivendum. Cie. Aead. 1. 4.

Socrates is represented in the Phado, § 40, p. 96, as saying that when
he was young, he had a strong bias for physical philosophy, but that he
discovered his unfitness for it. éya yap, he says, veis by avpasras os
érefipnma Tatrns s coghias fr 8y xakover wept Puoews loropiar.—xal al
TotTwy Tas (Popas oromaw, kal Ta Tept TOV olpaviy Te kal Tiv ¥y waly, Tehevray
otrws epavre ebofa mpis Tatryy Tiv ordrr aduis elvar, G5 oUBiv ypqpa.
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logian.(*®) Near the beginning of the Platonic Apology,
Socrates complains that he has two sets of accusers to deal
with, the old and the new ; and he implies that the old accusers,
whose calumnies have taken root in the minds of his judges,
are the more difficult for him to meet. The old accusers were,
as he says, the poet of the Clouds (whose comedy had been acted
twenty-three years previously), and various unnamed persons,
who did not come forward on the public theatre, but whispered
their calumnies against him in private.

Aristophanes, in the Clouds, instead of painting a portrait of
Socrates from nature, reproduced an ideal picture of the Ionic
physical philosopher, added some features of the modern sophist
and rhetorician, who taught for money, and called the com-
pound Socrates. The pupils in the school of Socrates are re-
presented as studying astronomy, and as poring over geometrical
diagrams inscribed upon the floor. Socrates himself is sus-
pended in a basket ; withdrawing his mind from the earth, and
intent upon celestial phenomena ; engaged in contemplating on
the sun, and in investigating the motion of the moon ; (**¥) he is
even called another Thales.(*™) He is, morcover, represented
as denying the existence of the recognised gods, and as substi-
tuting for them the clouds, the unsubstantial dénizens of the
airy region in which the thoughts of Socrates are conceived to
expatiate.(*")

——

(203) In the Apology of Plato, Socrates describes the young men who
frequented his company, and who belonged to the first families in Athens,
as imitating his style of interr gation, and as convieting their fellow-
{:|t.1..fenﬂ of i ignorance and prusumpl‘.mn He then pmueeda thus: -e':-rrfuﬂ-w
-r.w# ﬂl. 'Uﬂ' HUT&JF fff‘m{u};t’m; Fj..l-Oi- ﬂw#gﬁﬂ"'ﬂh HUX l.l!'l‘.-"l'l.ll?+ l"f" h"}"””ﬂ'”" WS-
Empufqr Tis €Tt pl.upwnln:s' Kt E:m;’;ﬂe:luu ToUs r.rfut.rs' Kt Erfu}mr TiS nurou:
Epﬁlfﬂ ﬂ"l'l. ﬂﬂ!{l}l‘ KL [.ITI. 'BIEHU’H&IP. l:'xﬂl-'ﬂ"l- ’LEI" ﬂbaii" EI-FI-'FHJ' {I.PI..;\ !I}"W"H-'DTP, H-"“- EE

q a{ll:l'.ﬂl'_rl.l.i Hfﬂ}]f{b‘ TH Eﬂ:rﬂ ﬂ'l!lll]"l'.ﬂ-y T{i.ll' (ii(l”ﬂll’jl)l'ibnfl (11 ri!ﬂxE!Fﬂ ml.-"ra .:'l.f?ﬂu‘"‘
-ﬂ"d,.l-"., f.ilTl. 'I't.! F-ETEUJPI’.E ICI!'II. TL'I I‘J'I'I'J '}l'!jﬂ', ﬂ'{ll ﬂfl‘.ﬂf!‘ j..lfj I"”f,.l-iffu" KALL Tﬂil" TITTI'-'I‘J ;".U}!'ﬂl"
kpeiTTo worey, ¢. 10,

(z04) Nub. 171, 177, 194, 201, 202, 225, 227.

(203) 7i 87" éxeivor Tov Oalijy Bavpdloper, Nub. 180. The astronomer
Meton 18, in like manuer, called a Thales in the Birds, v. 1009,

{mﬁ} "'Tuh 247, 264-6, 365. Socrates is deseribed as occupied with ra

Téwpa mpaypara, v. 228, The clonds appear ¢ dporrior)) peréwpor, v. 266.
.;‘1 v. 360, he is included among the perewposotuorai.  According to Xen.
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Meletus and Anytus took advantage of the prejudice created
by this witty caricature, and inserted in the bill of indictment
against Socrates, an allegation that “he had transgressed the
bounds of legitimate knowledge, in investigating things under
the earth and things in heaven.(*7) In refuting this charge,
Socrates expressly refers to the words of Aristophanes, and treats
the poet’s representation as a ridiculous fiction ; (**%) he says that
he does not wish to speak of astronomy with disrespect, but he
affirms confidently that he never occupied himself with this
class of subjects, and he appeals to his many hearers to say
whether they ever heard him discourse upon them. If Anaxa-
goras had been of sufficient importance for Cratinus to ridicule
him on the stage, the picture which Aristophanes drew of
Socrates would have suited the philosopher who was accused
of impiety for having taught that the sun was a mass of
heated stone. But for the thinker who first diverted philo.
sophy from the stars to the affairs and homes of men, the accu-
sation was not only not true, but was the very reverse of the
truth. It represented him as teaching what he deliberately
avoided, for the sake of investigating and teaching other
subjects.

The real opinions of Socrates upon the study of geometry
and astronomy are set out at length by Xenophon. Socrates
disapproved of abstruse geometrical problems; and considered
geometry as useful only so far as it could be serviceable for

Mem. 1. 1, 1, the indictment distinetly charged Socrates with not reeog-
nising the gods recognised by the State, and with introducing new deities.

The idea of cloud-worship is the same as that of the saying reported by
Madame de Stail, that the French had the empire of the land, the English
of the sea, and the Germans of the air.

(207) The accusation against Socrates stands thus in Plat. Apol. 3,
Swkparns aliket kai wepiepyalerar {nrév rd Te Imd yis kai T erovpdmna, kai Tov
frTe Adyor KpeiTTn ooy, Kai aAhovs TavTa Sibdoxaw,

(208) rowdra yip éwpidre kai abroi v 7§ "ApoTothivovs kepwdla, Swkpdry
T €xel mwepihepoperor, ddarrorra Te depodareiv, kai dAAGY moAAjy hvapiay
PAvapotvra’ by eyd olfer olire péya olre opupiv mépe émaiw, ib. 3. The
allusion is to Nub. 225, where Socrates, on being asked by Sirepsiades
what he is doing, answers : depofard xai mepuppord Tow flewr.
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purposes of land-measuring.(*”) With regard to astronomy, he
considered a knowledge of it desirable to the extent of deter-
mining the day of the year or month, and the hour of the night,
for journeys by land or sea, and for military watches. He held
that the marks of time for this purpose could easily be learnt
from night-watchers, (*') pilots, and others whose business it
was to know them ; but as to learning the cowrses of the stars,
which move in different orbits from our own, to be occupied
with the planets, and to inguire about their distances from the
earth, and their orbits, and the causes of their motions, he
strongly objected to such a waste of valuable time. Not only
did he consider such studies useless, but he disapproved of
speculations as to the means by which the gods regulated the
courses of the celestial bodies. He declared that a person who

should attempt such explanations would violate the laws of
" reason not less than Anaxagoras, who took pride In resolving
the agency of the gods into mechanical causes.(*'') He dwelt
on the contradictions and conflicting opinions of the physical
philosophers, and maintained that the questions which they
attempted to vesolve were beyond the powers of the human in-
tellect, and beyond the reach of human action; and, in fine, he
held that the speculators on the universe and on the laws of the
heavenly bodies were no better than madmen. (*'%)

§ 14 But although Soerates condemned the scientifie pur-
suit of astronomy, and to a certain extent shared the prejudices
to which he fell a martyr, the accurate observation of the move-
ments of the heavenly bodies made progress during his lifetime.
Meton, an Athenian citizen, conversant with practical astro-
nomy, introduced a reform of the calendar in 432 B.c., which
implies an accurate determination of the sun’s annual course.

(209) Xen. Mem. iv. 7, 3, 76 8¢ pexpe raw Svafvverav Saypappdray
yewperpiay pavfivew dredoxipader.

(210) rokrorijpar, Xen. Mem. iv. 7, 4.

(211) Xen. Mem. iv. 7, 2-7. Compare Grote, Hist. of Gr. vol. viii.
p. 571-6.

(212) Xen. Mem. i. 1, 11-15.
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Meton appears to have had no connexion with Anaxagoras and
with the speculative astronomy of the Tonie School : he is stated,
by Theophrastus, to have derived assistance from an observer
named Phaéinus, who determined the time of the solstices from
observations made on Mount Lycabettus:(*'3) he is ridiculed
by Aristophanes in the Birds—which was acted in 415 B.c.+-as
a geometer, who measures the air and offers to lay out the
streets of the new city upon mathematical principles.(*'*) He
is reported to have entertained gloomy forebodings respecting
the fate of the expedition against Syracuse before it sailed in
415 p.c.(*") His lifetime was probably nearly coincident with
that of Thucydides.

§ 15 The common year of the Greeks consisted originally
of 360 days. The reformed year of Solon consisted of 354 days.
In either of these years, the deviation from the sun was so
great, that the calendar would soon cease to be a guide to the
seasons. The necessity*of intercalation, in order to make the
year agree with the periodical cirenits of the sun, and thus to
keep the calendar in harmony with the seasons, must therefore
soon have become manifest.

The earliest intercalation appears to have heen that called
by the Greeks (who, in general, counted both extremities in-
clusively) the frieferic ; it consisted in the insertion of an addi-

(213) De Sign. Pluv. 3. Theophrastus says that Phaéinus was a resi-
dent n?icn; and Meton a native Athenian. The proper name Paewis
occurs in Schol. Aristoph. Eq. 963, and ®aewis in Thue. 1v. 133.

(214) Av. 992-1019. Ideler remarks that Aristophanes, who treata
Meton as a charlatan and an impostor, probably knew as much about him
as he knew about Socrates, vol. i. p. 323,

(215) Plut. Aleib. 17 ; Nie. 13; Elian, V. H. xiii. 11.

Meton is mentioned in a verse of Phrynichus the comic poet, Mein.
Fragm. Com. Gr.vol.ii. p. 589. Phrynichus was a poet of the old comedy,
and exhibited at least as early as 429 m.c. (Clinton ad ann. Mein. vol. i.
p. 146.) An extant fragment refers to the Hermocopide, Mein. vol. i.
p- 155, vol. ii. p. 602. Ptolemy, Magn. Synt. iii. 2, vol. i, p. 162. Halma
speaks of a summer solstice observed by Meton and Euctemon, on the
21st of Phamenoth, in the Archonship of Apseudes (433 B c.). Bee Schol.
Av. 997 ; Ideler, Berl. T. 1814, p. 239; Muller, Gott. Anz. 1822, p. 459;
Philochor. fr. 99, ed. Muller.
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tional month in every alternate year.(®'®) Two solar years con-
tain 730} days; but the addition of a month of 30 days to two
years of 360 days would produce 750 days; and the addition of
a similar month to two years of 354 days would produce 738
days. In the former case, the excess would be 19} days; in
the latter, it would be 74 days. In neither case would the
remedy be effectual ; for the year of 360 days the intercalation
would increase, not diminish, the error. Both Geminus and
Censorinus attest the intercalation of one month in alternate
years; but they do not mention the length of the intercalary
month. Herodotus speaks of the intercalation of a month in
every second year, on account of the seasons, as the common
practice in Greece at his time;(*!7) and in the colloquy of
Craesus and Solon, he introduces a computation of the number
of days contained in 70 years, in which he assumes the year as
consisting of 360 days, with an intercalary month of 30 days in
each alternate year.(*'®) It is inconceivable that an intercala-
tion which inereased the error which it was intended to re-
medy could have been in general use ;(*'%) but the text of Hero-
dotus appears to be sound ; his ealeulation is consistent with
itself ; and we must attribute the absurd result to his ignorance
of astronomy. The probability is, that when the intercalation
was made in alternate years, an anomalous month, of less than
30 days, was inserted. Thus the Roman month, Mercedonius,
which Numa is said to have intercalated every other year, con-
sisted of 22 days; and as his year contained 355 days, there

(216) Censorin. ¢. 19; Geminus, c¢. 6. Compare Ideler, vol. i. p. 269,
272.

(217) Herod. ii.4. "EXAnres 8uk Tpitov éreos epBolipor emepSallovar raw
-EJP-EHI-" ELVEREDN.

(218) 1. 32. He reckons 70 years as containing 25,200 days, and 35
intercalary months as containing 1050 days. He states the sum correctly
at 26,250 days. This passage, like that concerning the eensus of Servius
in the Republie of Cicero, is a remarkable proof of the disposition to find
difficulties where none exist. Larcher says that it is one of the most
difficult in Herodotus, and that the text is certainly corrupt. He himself
gives a translation founded upon a conjectural alteration of the text,

(219) See Ideler, ib. p. 273.
12
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was an error of only 1} days in a biennial period.(***) It ap-
pears that the Roman year was administered according to this
system of intercalation before the Julian reform. Great laxity
doubtless prevailed in the Greek calendars at the time of Hero-
dotus: there was no recognised scientific authority on astrono-
mical questions: and the priests or public officers who regulated
the calendar dounbtless intercalated months of unequal length at
their discretion, according to the state of the seasons.(*') We
learn from Polybius that Timzeus compared the calendars of
different Greek States, and thereby detected diserepancies of
time, sometimes amounting to three months, or a guarter of a
year.(**?)

The next interealary cycle was the octaéteris,(***) or octen-
nial period. It was founded on a different basis from the
trieteric or biennial intercalation, and assumed a knowledge of
the true length of the solar year, within a trifling error.

When we, with many modern writers, attribute a lunar
year to the Greeks, we must bear in mind that a year is neither
measured by the moon, nor consists naturally of twelve luna-
tions ; and that this number of lunations is taken only be-
cause it approaches nearest to the solar year of 365} days. A
year necessarily depends upon the sun; but the ancients, in-
stead of determining it exclusively by the sun (as is done by

(220) Above, p. 38.

(221) On the arbitrary manner in which the Greek States tampered
with the calendar at the time of the Peloponnesian War, see Grote, Hist,
of Gr. vol. vii. p. 90, whose explanation of the difficult passage of Thucydides
geems to me correct.

(222) Polyb. xii. 11.

(223) It will be observed that the terms tetraiteris and octaéteris, for

a qluadrenuial_ and an octennial period, are formed upon a different prin-
ciple of counting from the term trieteris for a biennial period.

The derasrypic was also ealled dvvasrypic. and the rerpasrypic Tevraerypic,
Censorin. 18. Compare Ideler, vol. i. p. 287.

Aristoph. Plut. 583, says that the Olympic Games were eelebrated
8¢’ €rous meumTov.

Concerning the Greek method of counting from one terminus to another,
gee Dodwell, de Cyelis, p. 50.

As to the true nature of a lunar year, sce Dodwell, de Cyeclis, p. 163.

s —
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the moderns), made a sort of compromise between the sun and
the moon, and regulated its length by fixing the civil or calen-
dar months according to the course of the moon, and eking out
the aggregate of months thus measured by intercalary days.
The essence of the system was, that the year should be
formed of that integer number of lunar months which approxi-
mates most closely to the solar year; and that the year thus
determined should be brought into agreement with the solar
year by intercalation.(***)

Starting, then, from the datum that the year is made up of
lunar periods, and therefore consists of alternate full and hollow
months, of twenty-nine and thirty days, forming in the aggre-
" gate 354 days, we have for each year a deficiency of 11} days
under the true solar time. A fractional period being incon-
venient for intercalation, it would naturally occur to multiply
this quantity by four, and therefore to form a guadriennial
eycle. Censorinus, indeed, mentions that the Greeks used a
tetraéteric intercalation ; but although a quadriennial eycle is
ascribed to Eudoxus,(**) and is mentioned in Stobeeus,(**%) yet
there is no historical trace of its actual use in any Greek
calendar. _

Although forty-five is an integer number, this number of
days would form only a month and a half of the ordinary lunar
length ; and as it would be desired on grounds not only of
convenience, but also of religion, to intercalate entire months,
this number was doubled by adopting an octennial instead of
a quadriennial period. The multiplication of 117 days by eight
gave ninety days, or three months; and hence, if in a period
of eight years a month of thirty days was intercalated in the

(224) Compare the remarks of Laplace, Systéme du Monde, tom. ii.
p. 316.
225) Plin. N. H. ii. 48.

(226) Four great years, of 4, 8, 19, and 60 fyeam I'ES]](,‘EtiITEj}', are
mentioned by Stob. Erj. Phys. i. 8. The period of 4 years is omitted, and
the period of 60 years is stated at 59, in the corresponding passages of Plut.
Plac. ii. 32; Galen, c. 16; Euseb, Prap. Ev. xv. o4.
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third, fifth, and eighth years,(**7) a year of 354 days would be
brought into close accordance with the sun.(**®)

If this simple and well-attested explanation be correct, it
follows that the octaéteric period implies a knowledge that the
solar year consists of 365} days. It would be important to
determine the time of its introduction ; since i1t would indicate
the epoch at which the true length of the solar year was known
in Greece. But this point cannot be ascertained with cer-
tainty. TIts introduction is attributed to BEudoxus; but it
seems unquestionably to be of an earlier date. Censorinus
aseribes it to Cleostratus of Tenedos, who may be referred upon
conjecture to the first half of the fifth century s.c. It appears,
both from internal evidence and from the testimony of the
ancients, to be earlier than the cycle of Meton. (**)

It can scarcely be doubted that the Greek astronomers,
from Thales downwards, had determined the times of the
equinoxes and solstices ; and if this had been done with acen-
racy, 1t must have been known that the tropical year consists

227) This is the statement of Geminus. Solinus, i. 42, states that the
three months were added at the end of the eighth year. This seems an
inconvenient arrangement; the practice probably waried. Macrobius
merely says that the Greeks intercalated at the end of the year, and not,
like the Romans, in the middle of a month.

(228) This explanation of the origin of the octaéteric intercalary eycle is
given by Macrob. Sat. 1. 13.

Solinug starts from the false assumption that the established Greek
year consisted of 3654 days, and he supposes that the intercalation was
effected by deducting 113 days from this year, and so producing a year of
354 days, instead of adding them to an existing year of 354 days. Allow-
ing for this difference, his explanation of the method is identical with that
of Macrobius: ‘ Grieei singulis annis undecim dies et quadrantem detra-
hebant, eosque octies multiplicatos in annum nonum reservabant, ut con-
tractus nonagenarius numerus in tres menses per tricenos dies scinderetur :
qui anno nono restituti efliciebant dies quadringentos quadraginta quatuor,
quos embolimos vel hyperballontas nominabant,” i. 42, (354 + 90 = 444.)

(229) See Ideler, vol. i. p. 287, 304-5. Theophrast. de Sign. Pluv. 3,
says that Cleostratus determined the =olstices from observations on Mount
Ida. If he really determined the solstices, he must have known the
true length of the tropical year; and if he knew the true length of the
tropical year, he could easily have formed the octaéteric period. Ideler,
ib. p. 605, accepts the statement that the octaéteric period was introduced
by Cleostratus; but he thinks that the agreement of 99 lunations with 8
tropical years was known at an earlier period.

SLITT i ) s ol T W rll ik
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of 365} days. The theory of the solstices had, as we have
already seen, attracted much attention ; and various explana-
tions of the turns of the sun in its course from the north and
from the south, had been propounded.(**) We may naturally
suppose that, where the theory had attracted so much atten-
tion, continuous observations would have been made for fixing
the precise intervals between the great periodical phenomena in
the annual course of the sun.

Ideler thinks that the octaéteris was the original intercalary
cycle, and that the biennial and quadriennial eycles were sub-
multiples of it, formed by subsequent calculation. (**)

But the octaéteris implies a knowledge of the true length
of the tropical year; and if it was once introduced, we cannot
suppose that recourse would afterwards be had to the imperfect
biennial intercalation. Now it is certain from Herodotus that
the biennial intercalation was common in Greece in his time.
It seems, therefore, that Geminus and Censorinus are right in
representing the octaéteric as an improvement on the trieteric
system, and as of subsequent introduction.(*?)

An attempt to trace the existence of the octaéteric eycle to
an early period, long anterior to the time of Cleostratus, has
been made by Prof. Boeckh, and has heen supported by Ideler
and Otfried Miller.(*®) But the evidence adduced in proof
of this hypothesis is inconclusive. It consists of certain festival
cycles, the duration of which was probably determined by

(230) According to Aristot. Meteor. ii. 2, some of the earlier speculators
accounted for the solstices by saying that the sun was nourished by mois-
ture, and that the same places could not always supply nourishment to
the sun.

(231) Chron. vol. ii. p. 607.

(232) Geminus mentions two other intercalary periods, viz. of 16 and
160 years, introduced for the purpose of correeting the departure from the
moon in the octaéteric period, ¢. 6. See Ideler, Chron. vol. i. p. 206;
Dodwell, de Cyel. p. 173.

(233) Béckh, Berlin Transactions, 1818-0, p. 98; Mondeyelen der Hel-
lenen (Leipz. 1855), p. 10; Miiller, Orchomenos, p. 215-221; Ldeler,
Chron. ii. p. 607 ; seealso Hock, Kreta, vol. i. p. 247-255 ; K. F. Hermaun,

Gottesd. Alt. § 49, n. 11; Dodwell, de Cyclis, p. 213. .
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grounds wholly unconnected with intercalation. The principal
argument is derived from the ennaéteric period of the Beeotian
festival of Daphnephoria, and the account, in the Chresto-
mathia of Proclus, (™) of a curious usage at that festival allu-
sive to the length of the year. An olive-stick was crowned
with laurel branches and flowers, at the top was fastened a
brazen ball, to which smaller balls were attached; at the
middle a ball, less in size than that at the top, was fixed, and
purple fillets, 365 in number, were appended to it. The large
ball denoted the sun, the ball next in size represented the
moon, and the small balls signified the stars. The 365 fillets
expressed the sun’s annual course. The same octennial period
is mentioned by Plutarch in connexion with religious cere-
monies belonging to the temple of Delphi.(*%) The statement of
Apollodorus, (%) that Hercules completed his twelve labours in
eight years and one month, has likewise been pressed into the
service of the same argument., There is, however, no proof that
the ancient festival eycles were intercalary periods, founded
upon a knowledge of the true length of the solar year ; or that
the symbolical rite described by Proclus, in the fifth century,
is of high antiguity. '

The octaéteric cycle would, if the intercalations were pro-
perly made, have produced a calendar sufficiently acenrate for
all practical purposes.(*7) It produced perfect accuracy upon
the assumption that the tropieal year is 365} days. The diffe-
rence between six hours and 5h. 45m. 48s. (namely, 11m. 12s.)
1s the measure of its annual inaceuracy. But the coincidence
of ninety-nine lunations with the octennial eycle is less close.
There is a deficiency of nearly 1} days; which in a century
would cause a deviation of more than eighteen days from the

(234) Ap. Phot. Bibl. eod. 239, p. 321, ed. Bekker.

(235) De Def. Oraec. 15, 21 ; Quest. Gr. 12:

(236) ii. 5, § 11.

{2'?-” Geminus remarks that the octaéteris coincides with the sun ; but

that the assumption of 29} days for the lunar month makes it ', of a day
too short. See ldeler, vol. i. p. 205.
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moon. The eycle of Meton was intended to cure this defect :
but while it brought the months into closer coincidence with
the moon, it made the year agree less exactly with the sun.
His cycle consisted of 6940 days, divided into nineteen years
and 235 lunar months.(*%) With regard to the moon, the
error is only 74 hours in the nineteen years; but as this
eycle assumes the solar year to consist of 365% days, 1t 1s
nearly nineteen minutes further from the true length than a
year of 365} days.(*®) The cycle of Meton must therefore
have been introduced with reference to the moon rather than
to the sun ; and it was no improvement upon the civil calendar,
as regulated by the octaéteric cycle, but rather the reverse.

The introduction of this cycle does not appear to have been
dictated by a religious motive. It was not intended to make
the sacred festivals harmonize with the moon. As it was no
improvement of the civil calendar, it must have originated in
purely astronomical considerations,

The Metonic cycle enjoyed great celebrity among the
ancient astronomers ;(*'’) and it is stated by Diodorus to have

(238) Theophrast. de Sign. Pluv. 3; Gemin. e. 6; Censorin. e. 18;
Diod. xii. 36; Schol. Arat. 752; Elian, V. H.x. 7. The cycle of nine-
teen years is ascribed by Geminus to Euctemon, Philip, and Callippus.
The name of Meton appears to have fallen from the text.

Compare Ideler, vol. i. p. 207-343; Whewell, Hist. of Ind. Sciences,
vol. 1. p. 128-132.

Concerning Philip, see Smith's Dict. in Philip Medmzus, no. 16, p. 259.

Euctemon was the assistant of Meton, Ideler, vol. i. p. 298.

Euetemon, Meto, and l‘hiiip, are mentioned together by Vitruvius,
ix. 6, as the authors of astronomieal parapegmata.

(239) Geminus remarks that Meton makes the year ' of a day too
long, that is to say, % — $ = 28 — 12 = ... Compare Ideler, ib. p. 209,
- Gensiuriuua states that Meton fixed the year at 365 days and % of a

ay, c. 19.

Ptolemy, Alm. iii. 2, p. 164, ed. Halma, states that the year of Meton
and Euetemon contains 365} days and 1. part of a day.

1:2.1.13} Gokel GE O L:I-';jp nﬂ'rus' E:I.I' 1':;_} HFDPPT}DTL x::i frpn'}rpmﬁﬁ mfrr_r; Hﬂu;.l.ﬂﬂ‘ﬂ:)r
emrerevyerar, Diod. xii. 36.

The celebrity of this cycle is alluded to by the astronomical poet of
Greece :—

Ta yip cvvaeiBerae fin
t"mrﬂ!lmfﬂsxa p{ﬁx}m I:;b{!ﬂrufr ;;Ehfmu,—ﬂ]‘ﬂf-. Y. 75‘3-3.

The Scholiast on this passage states that the Metonic cycle was derived
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been generally used in Greece. The octaéteric and Metonic
eycles prove that the scientific astronomy of the Greeks had
attained, not later than the fifth century B.c., to great accuracy
in determining the respective lengths of the lunar month and
of the solar year.

§ 16 After the lapse of a century, the Metonic cycle was
reformed by Callippus.(**') As Meton had assumed the solar
year to consist of 365 days, and in so doing had made the
year longer by +; of a day than the year of 365} days, Callippus
quadrupled the Metonic period, and thus produced a cycle of
seventy-six years. From this cycle he deducted one day, and
thereby reduced his solar year to the standard of the more
accurate year previously adopted in the octaéteric cycle. The
same period of 27,759 days, divided into 940 lunations, made
the lunation more exact than in the Metonic cycle. The Cal-
lippic cycle agreed therefore more closely than the Metonie
cycle both with the sun and the moon, and hence it was used
by scientific astronomers.

The first year of the Callippic period was 330 B.c.(**)
There is no reason to suppose that it was ever applied to the
regulation of the civil calendars of Greece.

§ 17 Pythagoras and his school exercised an influence
upon astronomy, as well by their speculations upon arithmetic
and geometry, as by their cosmological hypotheses,

Not only the philosophical teaching, but even the life and
date of Pythagoras are involved in doubt and obscurity. The

by the Greeks from the Egyptians and Chaldzans. Theophrastus says that
ﬁﬂt{ll’l obtained his eycle from Phaéinus.

Dr. Whewell nfme ctures that the lﬂ:]gth of the month was determined
by the observation of eclipses ; and he points out that the eycle of Meton

18 so exact, that it 1s still used in cdlwlahu:r the new moon for the time of
Easter, ib. r 129, 130.
See Ide er, vol. ii. p. 197.

(241) Callippus and certain of his astronomical hypotheses are men-
tioned by Aristot. Metaph. xi. 8, p. 1073, Bekker. On this passage, see
Simplicius ad Ceel. p. 500, Brandis.

(242) Geminus, ¢. 6; Censorin. 18; Ideler, ib. p. 344; Whewell, ib.
p- 130.
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statements concerning his lifetime are widely discrepant; the
most probable supposition is, that his birth was not earlier
than 569, and his death not later than 470 B.c.(*¥)

Pythagoras himself was exclusively an oral teacher: he
made no written record of his philosophical opinions, THe is
reported to have visited Pheenicia and Egypt, and to have
profited by the instruction of the Egyptian priests in geometry
and astronomy: he is even stated to have journeyed as far as
Babylon, and to have there received information from the
Chaldeeans. Both Pheenicia and Egypt could easily he reached
from his native island of Samos. The extent of his travels, and
the nature of his communications with Oriental priests upon
scientific subjects, must, however, remain doubtful ;(***) for
the accounts of his life which have reached us are derived from
sources too suspicious to fulfil the conditions of historical
eredibility. (**)

The earliest of the followers of Pythagoras who committed
his opinions to writing and published them to the world was
Philolaus, a contemporary of Socrates and Democritus. (*)

(243) Réth, Gesch. der Abendl. Philosophie, ii. 1, p. 288, fixes his birth
at 569, and his death at 470 B.c. He considers Xenophanes, Anaximenes,
and Pythagoras as exact contemporaries, ib. p. 174. %randiﬂ, ib. p. 422-4,
does not attempt to fix the dates.

He was mentioned by Xenophanes and Heraelitus.

The writer of the art. Pythagoras in Pauly, places his birth between
580-568 B.c.

Aristoxenus states that Pythagoras, being forty years old, seeing the
despotism of Polycrates confirmed, left Samos and migrated to ltaly,
Porphyr. vit. Pyth. ¢. 9. A different account is given by Iambl. vit. Pyth.
11: he states that Pythagoras escaped from the despotism of Polyerates in
his eighteenth year, and went to Pherecydes, Anaximander, and Thales.
The reign of Pnl‘l_*;-:ratz-a lasted from 532 to 522 B.c. See Aristoxen. fragm,
4, 23, Fragm. Hist. Gr. vol. 1i. ; Inquiry into the Cred. of Early Rom.
Hist. vol. 1. p. 431.

Meiners, Gesch. der Wissenschaften in Griechenland und Rom. vol. i.
p- 362, 368, 370, places the birth of Pythagoras at Ol. 49. 2 (583 B.c.), and
his death at Ol 68.3, or 69.2 (506 or 503 B.C.).

(244) See below, ch. v. § 5. The eastern travels of Pythagoras are
doubted by Meiners, ib. p. 376.

(245) See Meiners, ib. vol. i. p. 179-185, where sound criteria are laid
down tor determining the truth of the traditionary accounts of Pythagoras.

(246) Plato, Phadon, p. 61, D.; Diog. Laert. ix. 38 ; sece Boeckh, Phi-
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How far these opinions were derived from the great master
himself, and how far they were peculiar to the writer, we have
no means of judging : but they may be considered as charac-
teristic of the Pythagorean School in the latter part of the fifth
century B.C.

A highly important astronomical doctrine, attributed by
Stobzeus and other late compilers to Philolaus, agrees with that
ascribed by Aristotle to the Pythagoreans generally.(*7) Ac-
cording to this doctrine, the earth is not motionless in the
centre of the universe, but the central place is occupied by a
mass of fire, which was designated by the mystical appellation
of the * Hearth of the Universe,” ¢ the House, or Watch-tower,
of Jupiter,” ¢ the Altar of Nature,” ‘the Mother of the Gods.’
Round this centre ten hodies moved in eircular orbits, in the
following order :—At the highest extremity the heaven, con-
taining the fixed stars, next the five planets, then the sun, then
the moon, then the earth, and after the earth the antichthon.
The region of the fixed stars and planets, and of the sun and
moon, was considered as orderly and the subject of science ; the

e ——— T ————————

lolaos, p. 5. Philolaus was probably born about a eentury after Pytha-

goras,

(247) See Boeckh, Philolaocs, No. 11. The doctrine is stated in Stob,
Eel. i. 22. Compare Aristot. de Ceel. ii. 13, and the account of Simplicius
founded upon the Treatise of Aristotle respecting the Pythagorean tenets,
Schol. Aristot, p. 504 b, and 505 a, Brandis. This last important testi-
mony 1s omittngl by Boeckh. See Brandis, Aristoteles, vol. i. p. 85.

Aristotle, in his work on the Pythagorean philosophy, reported a secret
dictum of the seet, that there were three sorts of rational beings, gods, men,
and Pythagoras, Tamblich. vit. Pyth. § 31.

The Pythagorean scheme is likewise deseribed by Plutarch in his Life
of Numa, with reference to the supposed tradition which made Numa a dis-
ciple of Pythagoras (e. 11). Itis tﬂcre stated that the Pythagoreans placed
fire in the centre of the universe, and called it Vesta and the Monad : that
they did not suppose the earth to be immoveable, or in the centre of the
moveable orbs, but revolving in a cirele round the central fire; and that
{_Ihﬂ_ did not conceive the earth as first in dignity among the celestial

odies.

Diog. Laert. viii. 85, states that Philolaus was the first to teach that the
earth moves in a cirele ; but that others aseribed the doetrine to Hicetas.
We shall see lower down that the doctrine of Hicetas was properly helio-
eentrie, which was not the case with that of Philolaus, :ﬂlh{:rug{l the latter
supposed the earth to move in an orbit.
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sublunary and earthy region was regarded as disturbed, and
the subject of a different intellectual faculty.(**)

The remarkable part of this system is, that it conceived the
earth as moving in an orbit through space. But the entire
system was formed by an unscientific method. The inventor of
it proceeded from certain arbitrary principles, and reasoned de-
ductively from those principles, until he had constructed a
scheme of the universe.(**?) It was assumed that fire is more
worthy than earth ; that the more worthy place must be given
to the more worthy; and that the extremity is more worthy
than the intermediate parts; hence it was inferred that as the
centre is an extremity, the place of fire is at the centre of the
universe, and that the earth, together with the heavenly bodies,
move round the fiery centre.(**") But this was no heliocentric
system : the sun moved, like the earth, in a circle round the
central fire; and it caused day and night, and the changes of
the seasons, but in what manmer it is not easy to divine. The
orbit of the earth was supposed to be oblique to that of the
sun: (*!) and by this hypothesis an explanation was apparently
found for the phenomena of the year. It was assumed that the
inhabited side of the earth was always turned to the sun, and
the uninhabited side to the central fire: so that the central fire
was never visible from the earth.(*?)

It is difficult to understand how the diurnal movement of

(248) See Boeckh, ib. p. 95, 167, and Anon. de vit. Pyth. § 10, rv &é

rafer pexpe cehms cwlertar, va ¢ dmd cehjugy olkért dpolws.

(249) The method is thus deseribed by Aristotle :—od mwpos Ta Pawdpera
Tovs Mdyous kai Tas alrias {nroveres, ddhd mpds Twas Adyovs kai 8ofas alrov Ta
(parvdpera mpooelkorres kai mepopevor ovykoopew. De Cel. ii. 13, 2. The
unscientific character of the Pythagorean astronomy is pointed out by
Meiners, ib. p. 555.

(250) Aristot. ib. The Pythagoreans likewise held that the circular
motion is the most perfect motion, see Aristot. Probl. xvi. 10,

(251) Boeckh, ib. p. 116.

(252) SBee Martin, Etudes sur le Timée de Platon, tom. ii. p. 97. It is
expressly stated that the antichthon eould not be seen from the earth

{Bc;e;-kh, p. 115), and the antichthon was between the earth and the cen-
tral fire.
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the sun, and the nocturnal movement of the stars, were recon-
ciled with the system of a synchronous revolution of the stars,
sun, and earth, in concentric cireles ; but the apparent motion
of the stars by night was as easily explained upon this hypothesis
as the apparent motion of the sun by day: and it would be
hazardous in the extreme to infer that this Pythagorean system
implies a knowledge of the precession of the equinoxes. (**) The
precession is a minute annual inequality, which was disco-
vered by Hipparchus ; the Pythagoreans were not close scientifie
observers of celestial phenomena, and were not likely to have
made this discovery for themselves; it is a purely gratuitous
assumption that the Egyptians may have been the discoverers,
and that they may have communicated their discovery to
Pythagoras. (**)

It is further stated that Philolaus supposed the existence of
two suns, one of which, formed of glass or crystal, reflected
light and heat from the original sun, and afterwards communi-
cated them to the earth.(**®) If this part of the Philolaic system
is correctly represented, we must suppose that the source from
which the erystalline sun derives its light and heat is the central
fire round which the ten bodies revolve.

The nature and functions of the antichthon, in this scheme
of the universe, are not clearly determined. It is a distinct
body from the earth, and nearer than it to the central fire; it
is moreover invisible to the inhabitants of the earth. Practi-
cally, it seems equivalent to the hemisphere opposite to that

(253) (Ettinger, art. Planet, in Pauly’s Real Eneyclopidie, vol. v.

p- 1667, shows that this system fails to explain the phenomena of night
and day.

(254) This conjecture was advanced by Boeckh, Philolaos, p. 118, and
was acccﬂ)tﬁd by Martin, ib. p. 98. It is, however, rejected by Ideler,
Astron. Beob. der Alten. p. 89, and by (Ettinger, ib. p. 1669, and {ms been
abandoned by Boeckh himself, Manetho, p. 54 ; Kosmisches System des
Platon, p. 93.

(255) See Boeckh, ib. no. 14. In the passages which contain the state-
ment of this doetrine, the original sun is said to be in the heaven or the
@ther. DBut unless we suppose it to be the central fire, this doctrine is not
consistent with the Pythagorean or Philolaic system of the world.
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known to the ancients. Aristotle ascribes to the hypothesis of
the antichthon, an origin similar to that which he assigns to
the hypothesis of the central fire. He says that the Pythago-
reans framed their plan of the universe so as to make it har-
monize with their principles respecting the properties and
virtues of numbers; that the number ten was held to be a per-
fect number, and to comprehend the entire notion of numbers ;
and that, as the apparent celestial bodies (namely, the sphere of
the fixed stars, the five planets, the sun, the moon, and the
earth) were only nine, they imagined the antichthon, and added
it to the rest, in order to make the full decad.(**®)

It was stated by Aristotle and Philip of Opus, that, according
to the doctrine of certain of the Pythagoreans, an eclipse of the
moon might be caused by the interposition either of the earth
or of the antichthon.(*7) This harmonizes with the Philolaic
scheme of the universe just described. Hicetas the Pythago-
rean likewise held the doetrine of an antichthon. (**%)

Another branch of this Pythagorean scheme is preserved by
Plutarch, in one of his scientific tracts. It relates to the dis-
tances of the revolving bodies, which were determined by nume-
rical ratios. The central fire was set down as unity; and the
proportionate distances from the centre to the several orbits
were represented numerically by assuming the distance to the
antichthon to be three, to the earth nine, to the moon twenty-
seven, and so on, tripling each successive number. According
to this method, the sun was represented by the number 729,

256) Metaph. i. 5 ; Simplicius, Schol. Aristot. ]]; 505 a, states that
the Pythagoreans ealled the moon the antichthon ; but his own report of
Aristotle’s aceount of the Pythagorean scheme shows that it supposed the
moon to be different from the antichthon, and to be next in order beyond
the earth, while the antichthon was between the earth and the central
fire.

(257) Stob. Ecl. ]’h{'a. i. 26 : Plut. Plac. ii. 29 ; Galen, ¢. 15; Euseb.
Prap. }!"}v, xv. 51. Philip of Opus was a disciple of Plato, and a volumi-
nous writer : see Diog. Laert. 1i1. 46. In the list of his writings given by
Suidas, several treatises on astronomical subjects are included.

(258) Plut. Plac. Phil. iii. 9.
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which is both a square and a eube ; and therefore the sun was
called both square and cube.(**?)

It results from this account that the Pythagorean system of
the universe, as reported by Philolaus, scarcely deserves the
name of a philosophical hypothesis, devised for the explanation
of observed phenomena. It is rather a work of the imagination,
guided and governed by certain mystical abstractions, and
certain principles as to the virtues of numbers. The central
fire and the antichthon were invisible ; the motion of the earth
in a circle concentriec with the orbits of the sun, moon, and
stars, explained nothing, and failed in reducing the apparent
motions of numerous bodies to the real motion of one body.
The mythological appellations given to the- central fire har-
monize with the fanciful character of the entire system.
Nevertheless this hypothesis, unscientific and useless as it was,
had the undoubted merit of boldness and originality. So far
as we know, it was the first speculative system which gave to
the earth a motion in space, and made it move in a circular
orbit round a centre. _

Aristotle thinks that the opinion as to the earth not being
the centre of the universe, may have been shared by other
philosophers in his time besides the Pythagoreans.(*) Sim-
plicius is unable to discover who these others were; he only
knows of a certain Archidemus, subsequent to Aristotle, who
entertained the opinion in question.(**)

Although the Philolaic and Copernican systems have heen
identified by some modern writers,(***) it is plain that they have

(250) See Plutarch de Anim. Procreat. e Tim. ¢. 31. The number
729 1s Cthe square of 27 and the cube of 9. On the virtues of the number
27 (which is the cube -}l‘ 3} according to the Pythagorean doctrine, sce
Boeckh, Philolaos, p

(260) fro}l_?l.l‘.ll;‘ d av xm, eTspnu aurdifece py delv 5 yi Ty Tol péoov xmp:tu
amodidivar, T0 muorTOr ok ex Tar pawopsver afpotow dalla pallor ek Tar
Adywr, De Cel. ii. 13.

(261) Schol. Aristot. p. 505 a. Archidemus, the Stoic philosopher, of
whom some notices are preserved, is probably meant; see Dr. Smith's
Dict. of Ane. Biog. in v.

(262) See the references in Martin, ib. p. 93.
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nothing in common, except the motion of the earth round a
centre. The essential features of the latter—the immovability
of the sun, and its central position—are wanting in the Philo-
laic scheme. The extant accounts of the Philolaic hypothesis
are indeed meagre, and to some extent conflicting; but its
outlines rest upon the certain authority of Aristotle; and the
conjecture of Roth, a recent historian of ancient philosophy,
that Philolaus supposed the earth to be at the centre, either
wholly immovable, or with no other motion than a rotation
upon its axis, and the central fire to be within the earth,(*®)
may be confidently rejected, as inconsistent with the ancient
accounts.

The Pythagorean School appears to have varied in its astro-
nomical and cosmological theories. Thus we are informed by
Plutarch, that Heraclides of Pontus, and Ecphantus the Pytha-
gorean, supposed the earth to move, but to turn only upon its
axis from west to east, and not to have a motion of transla-
tion.(*") The time & Ecphantus is unknown, but he appears
to have been posterior to Aristotle.

Again, several late writers attribute to Pythagoras himself

(263) Geschichte der Abendlindischen Philosophie, ii. 2, p. 811, and
note 1284, p. 855—860, and notes 1300, 1343. The words of Aristotle, in
his treatise De Ceelo, prove beyond a doubt that the Pythagoreans placed
the fire at the centre, and conceived the earth to move 1n a eirele round it,
like the other heavenly bodies. émt pév yip Tob péoov mip elval gaoe, T
€ yiy, €v v doTpwr oloar, kukhe hepopéiny mepi o péoror, vikTa Te Kai Huepay
woew, il. 13, Aristotle adds that many others, besides the Pythagoreans,
who found their systems upon abstractions, and not upon phenomena,
might agree in thinking that the earth is not in the centre of the universe.
In ..M etaph. i. 5, the earth is likewise included in the ten bodies gepipera
KOTe Top GUJ.HIWF.

M. Martin, ib. p. 96—8, eoncurs with Boeckh in holding that the Phi-
lolaie system made the earth revolve with the nine other bodies round the
central fire. Likewise Ritter, Gesch. der Philozophie, vol. 1. p. 408—411.

Roth attempts to weaken the adverse authority of Amnstotle by arbi-
trarily altering the text in the perfectly perspicuous and decisive passage
De Ceelo (€moe for éood), note 1300, ']%w alterations of text made in note
1353, for the purpose of supporting the writer’s own hypothesis, are like=
wise untenable.

(264) Plut. Plac. iii. 13. The same opinion is ascribed to Ecphantus by
Origen, Phil. p. 19, rijy 8¢ 97y péoor xdopov kweicba mept T6 avris kevrpow
@ Tpos dvarodne.

K
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the doctrine that the earth is an immovable sphere, placed at
the centre of the universe, round which the sphere of the fixed
stars, the five planets, and the sun and moon revolve.(**) This,
which was the common belief of the scientific astronomers of
Greece, was undoubtedly shared by some of the earlier Pytha-
gorean philosophers, and probably by Pythagoras himself.

Simplicius enumerates the following philosophers—viz.,
Empedocles, Anaximander, Anaximenes, Anaxagoras, Demo-
critus, and Plato—as holding that the earth is at the centre of
the universe.(**®) The Orphic seet compared the heaven to the
white of an egg, and the earth to the yolk: which comparison
illustrates, by a sensible image, the idea of the universe com-
monly held by the Greek philosophers.(**’) Aristophanes in
the Clouds likewise speaks of the earth as freely suspended in
the air. (*%)

A version of this belief, likewise attributed to Pythagoras
himself, is more intricate and artificial. According to this
scheme there are 12 orbits, which succeed each other in the
following order, beginning from the remotest :—1. The sphere
of the fixed stars. 2. Saturn. 3. Jupiter. 4. Mars. 5. Venus.
6. Mercury. 7. The Sun. §. The Moon. 9. The sphere of
fire. 10. The sphere of air. 11. The sphere of water. 12. The
Earth.(**®) This is a reduction of the Philolaic scheme to the
received Greek system ; for the earth is evidently taken as the
centre, round which the other bodies revolve. According to
another version of the Pythagorean doctrine, the earth was the

65) Diog. Laert. viii. 25 (repeated by Suid. in Ivfaydpas). Varro,
L. L vii. 17, which latter p luss&gc is uncertain. The harmonic intervals of
the planets, attributed to Pythagoras in Censorin. e. 13; Plin. N. H. i,
19, 20, likewize assume that the earth is at the eentre.

(266) Schol. Aristot. p. 505 a.

(267) Achill. Tat. e. 4. See other illustrations of the immobility of

the earth in the same passage.
(268) & Geomor’ dvaf, duérpyr’ dip, bs Exews Thy yivr perémpor.
Nub. 264.

(269) Anon. de Vit. Pyth. 10 (in Kiessling’s edition of Iamblichus and
Porphyrius, vol. 1. p. 108).
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centre of the system, the fire was at the centre of the carth, and
the moon was the antichthon.(*™)

The Pythagoreans are declared to have first laid down the
position of the planets; (*™") and to have first taught that the
motions of the sun, moon, and five planets are circular and
equable.(**) They are likewise reported to have held that the
force which causes the motion of the starry heaven is at the
centre of the universe.(*™)

The early Pythagoreans further conceived that the heavenly
bodies, like other moving bodies, emitted a sound; and they
supposed that the sounds of the different spheres, in their re-
spective circular orbits, were combined into a harmonious sym-
phony.(**) Hence they established an analogy between the
intervals of the seven planets, and the intervals of the tones in
the musical scale.(*’%) These intervals were determined in the
following manner, according to Censorinus : (*¢)

TONES.

From the Earth to the Moon . . . . 1
From the Moon to Mercury . . 1
From Mercury to Venus . 3
From Venus to the Sun . 14
From the Sun toMars . . . . . 1
From Mars to Jupiter &
From Jupiter to Saturn !
From Saturn to the Zodiac . 3

6

The distribution of Pliny agrees, except that he makes 1] tones

(270) Simplicius ad Aristot. de Ceelo, p. 5035, Brandis.

(251) Simplicius, Schol. Aristot., p. 497 a.

(272) Geminus, e. i. p. 2. Sosigenes ascribed this hypothesis to Plato,
below ch. iii. § 3.

(253) Simplicius, ib. p. 453 a.

(274) Aristot. de Ceel. ii. 9. Compare Athen. xiv. p. 632. Pseud.
Aristot. de Mundo, e. 6.

(275) See Theo Smyrn. e. 15, p. 181, and the verses of Alexander of
Ephesus cited by him, Achill. Tat. ¢. 16; Cic. Somn. Scip. ¢. 5; Macrob.
Comm. in Somn. Seip. ii. 1—4.

(276) e. 18.
K 2
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from Saturn to the zodiac, and therefore his entire scale con-
tains 7 tones instead of 6.(*7)

In this music of the spheres, the moon, as being the lowest
in the system, and the tardiest in its movements, represented
the grave end of the seale; while the sphere of the fixed stars,
as being the highest above the earth, and the most rapid in its
circular motion, represented the acute end.

Aristotle informs us that the Pythagoreans answered the ob-
vious objection founded on the inaudibility of the music of the
spheres, by saying that constant habit rendered it impercep-
tible.(*®) The explanation given by Cicero is, that the sound
is so loud, as to transcend the capacity of our sense of
hearing. (*"?)

Pythagoras is further stated to have originated the division
of the heavenly sphere into five zones, cut obliquely by the
zodiac, and to have considered the obliquity of the zodiac as
the cause of the retrograde motion of the sun at the solstices.
The best aunthorities, however, attribute to his follower, (no-
pides of Chios, the discovery of the obliquity of the sun’s course
in the zodiac, and its proper motion in reference to the stars.
This knowledge (Enopides is stated to have derived from
Egypt.(**') (Enopides appears to have been a contemporary of
Anaxagoras.(**)

Alemzmon of Croton, a disciple of Pythagoras, who was at
the prime of life when Pythagoras was an old man,(*?) held

(277) ii. 22.

(278) De Cel. ib.

(279) De Rep. vi. 18, repeated by Censorinus, ¢. 13. Compare Mar-
tin, Tunde de Platon, tom. i1. p. 36.

(280) Eudemus, eited below, n. 293 ; Diod. 1. 98 ; Anon. de Vit. Pyth.
12 ; Plut. Plae. ii. 12, 23.

Compare Martin, ib. p. 101—8,

(281) See Plat. Erast. ad init.; Diog. Laert. ix. 37. Two sayings at-
tributed to him are preserved in the Parallela Sacra of Joann. Damase. ad
cale. Stob. Eel. p. 760, ed. Gaisford. Compare Dr. Smith's Biogr. Dict.

in v.

(282) Aristot. Metaph. 1. 5.
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that the movement of the planets was from west to cast, con-
trary to that of the fixed stars.(**)

The Pythagoreans are moreover related to have held that
comets are planetary stars, which, through lapse of time, have
lost their brilliancy and the constancy of their appearances
above the horizon ; they compared them with the planet Mer-
cury, which seldom rises above the horizon, and only appears at
long intervals.(*3%)

A portion of the Pythagorean sect likewise explained the
Milky Way, by supposing that it was composed of stars which
had either bheen disturbed in the catastrophe of Phaethon, or
had been burnt up by the sun in its passage through the
heavens.(***) This hypothesis, which is seriously refuted by
Aristotle, hardly belongs to scientific astronomy. (Enopides is
reported to have held that the Milky Way was the original
course of the sun; but that when the sun turned back at the
Thyestean banguet, it changed its course to the zodiac.(*")
Manilius, in enumerating the explanations of the Milky Way,
mentions the theory that it had been the ancient course of the
sun; he likewise adverts to the mythological explanations of
the conflagration of Phaethon and the effusion of Juno’s milk ;
he adds another hypothesis, that it is formed of the souls of
illustrious men translated into heaven.(*7)

Pythagoras is reported not only to have occupied himself
about the mystical properties of numbers, but also to have
cultivated geometry, and to have solved some fundamental
geometrical problems.(*®) He appears to have designated

(283) Plut. Plae. ii. 16 ; Stob. Eel. i. 24; Galen, c. 13.

(284) Aristot. Meteor. 1. 6.

(285) Aristot. Meteor. 1. 8. In the words ofov ofy Bui v kexaiofar 7y
Témor ToiTow §f Ti TowiTor d\\o wemorlevar walos Umd Tis popas avrov (Pagiv),
the sense seems to require adrot for atr@r. The substance of this passage
is repeated in Stob. Eel. i. 26; Plut. Plae. Phil. iii. 1.

(286) Ap. Achill. Tat. ¢. 24, p. 86, ed. Petav. See above, p. 96.

(287) i. 701—802.

(288) Plut. Symp. viii. 2, 4. Non posse suav. vivi sec. Epic. 11. In the
latter passage Pythagoras is stated to have sacrificed an ox upon the dis-
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geometry by the name of isropla, or ¢investigation.’(*) He
is nevertheless said to have derived his geometrical science from
Egypt.(**)

It may be observed that Aristotle speaks more than once of
the Pythagorean School, as ‘the philosophers ealled Pytha-
gorean ;* by which expression he appears to intimate that the
Ttalian sect known by that name did not in his time represent
faithfully the opinions of their founder.(*!)

It is impossible, with such information as we possess, to
determine the periods of the suecessive astronomical tenets of
the Pythagorean School ; neither are we able in general to
assign the doctrines to their respective authors, or to distinguish
the original dogmas of Pythagoras from the system engrafted
upon them by his followers. The later writers did not attempt
to discriminate, but attributed every tenet of the Pythagorean
sect to its founder. In general, there was doubtless a develop-
ment of the original idea. Thus the mystical doctrines of the
music of the spheres may have originated with Pythagoras him-
self : but the assumption of the number seven for the planets,
and the arrangement of an analogy between their intervals and

covery of the relation of the square of the hypotenuse to the squares of
the other two sides; or of the problem concerning the area of the
Eamb:::]a, Diog. Laert. i. 25, wiii. 12; Callimachus, ap. Died. x. 11. ed.
ekker.
An epigram referring to this sacrifice is eited in Diog. Laert. viii. 12.
Plut. non posse suav. viv. sec. Ep. ubi sup. Athen. x. p. 418 F.

feia Muflaydpns 6 mepukheés evparo ypappa
kelv' € dre Khewny fyaye Bovbvoiny.
(Anth. Pal. vii. 119.)
This sacrifice is alzo alluded to by Cie. Nat. D. iii. 36. ‘AmoAAdSwpos
& Aoyrricds is quoted as an authority by Diogenes. The name Apollodorus
ghould be restored for Apollodotus in Plutarch.

(289) Tamblich. de vit. Pyth. § 89. Plato, Phad. p. 96, applies the
word {gropia to physical investigation ; and the word {rropia, used simply,
denotes p]x}'aicaf knowledge in the fine verses of Euripides, frag. 101,
Dindorf.

(290) Diod. ubi sup.
(2g91) In De Ceelo, ii. 13, Aristotle says : of mept vijp "Traliav, ka\otperor
8¢ MuBaydperor. In Ceel. ii. 2, § 1. Meteor. i. 8, and Metaph. i. 5, oi xakouv-

pevor Mvfaydpewoe ; Meteor. 1. 6 rav 'Iralwar Twes kai kahovpévar Mulayo-
pelwy.
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the intervals of the tones in the harmonic scale, is unquestion-
ably of posterior date.(**)

§ 18 A cycle of 59 years, made apparently for the ad-
Justment of the calendar, is ascribed to the early Pythago-
rean School. (Enopides, who has been already mentioned as
a contemporary of Anaxagoras, dedicated a brazen tablet at
Olympia, containing the details of a cycle of this length.(*®)
Censorinus states that his year consisted of 3652 days.(**) If
this was his assumption, his cycle contained 21,557 days ; which
is 71 days in excess of 59 Julian years, and therefore admits of
no intercalation. A cycle of 59 years is likewise ascribed to
Philolaus, with 21 intercalary months; and he is stated to
have fixed the natural year at 3644 days.(**) The obvious in-
terpretation of these statements is, that Philolaus made a cycle
of 59 years of 364] days, and added 21 months. If this be the
meaning, the two statements are irreconcilable with each other ;
for the object of intercalation is to equalize the year of the
cycle with the true solar year ; and 59 years of 361} days only
differ from 59 years of 365} days by 44} days. An intercala-
tion of 21 months, or 6194 days, would therefore produce an
enormous error in excess, We may indeed assume, with
Boeckh, that the year of 3643 days includes the intercalary
months distributed over the eycle :(**%) this interpretation 1s,
however, forced; and it still leaves a wide uncorrected depar-

(292) Iamblichus, de vit. Pyth. § 31, speaks of Pythagoras as the ori-
ginator of scientific astronomy in Greece. Comp. Ovid, Met. xv. 71

(:233] Mlian, V. H. x. 7. Eudemus, in his History of Astronomy,
stated that (Enopides elpe mparos mijp 700 {whakot diafwoy kat Ty Tol pe-
T&lﬂu EMauT Ol rrcpi'u'ma'w. {.:’L];I. Theon. Sm}*t‘n- ¢. 40, P 322, ed. MEI"ZIBJ

(294) Censorin. 19.

(295) Censorin. 18, 19. The cycle of 59 years is mentioned by Plut.
Plac. 1. 32, but is not attributed to any one. Stob. Eel. i. 9, asuribea_ it
tH? Pythagoras himself; Galen, e. 16; Euseb. xv. 54. Compare Boeckh, ib.

o. 16.
> Concerning the cycle of (Enopides, see Dodwell, de Cyelis, p. 262—6,
82.

(296) Philolacs, p. 134.
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ture from the true solar year. Some corruption in the numbers
may perhaps be suspected. (**7)

The cycle of Philolaus would be rendered more intelligible,
if we supposed his year to consist of 354} instead of 364] days.
A cycle of 59 years of 354! days, together with 21 intercalary
months of 291 days, would make a total of 21,535 days; while
59 Julian years contain 21,5497 days; being a difference of
only 144 days. Tt is difficult to explain either of these Pytha-
gorean cycles. The number 59 may perhaps, as Boeckh has
conjectured, (***) be the double of the mean lunar month of
29} days.

§ 19 Leucippus, the founder of the Atomie philosophy, is
said to have been a disciple of either Parmenides or Zeno, and
was probably somewhat posterior in time to Anaxagoras.(*™)

Upon astronomical subjects the following were his doe-
trines. That the universe is a sphere; that its external coat,
which involved it like a membrane, was able, in the whirl of its
movement, to attract foreign bodies; that these at first were
moist and muddy, but afterwards were hardened; and that
being carried round in the rapid circular motion, they ulti-
mately acquired a fiery nature, and became stars. That the
stars were thus ignited by the rapidity of their motion, but that
the sun received its fiery property from the stars. That the
orbit of the sun was furthest from, and that of the moon nearest
to, the earth, and that the planets were in the intermediate
space ; that eclipses of the sun and moon were caused by the
inclination of the earth to the south : that the axis of the earth
inclines to the south, on account of the rarity of the southern
regions, and their consequent inability to resist pressure ; where-
as the northern regions, being frozen, are hard and solid, and

(297) Ideler, vol. i. p. 303, thinks it incredible that Philolaus should
have given the solar year only 3641 days.

(298) Philolaos, E 135. The comments of Rath, ii. 2, note 1269, throw
no light upon the subject.

(299) See Brandis, Gesch. der Phil. vol. i. p. 294.
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resist the depressing force. That the cause of the comparative
frequency of lunar, as compared with solar eclipses, was the in-
equality of the orbits of the sun and moon. He held that
the earth was suspended in space at the centre, being fixed
there by the creative vortex ; and that its shape was that of a
circular plane. (3)

§ 20 Demoeritus of Abdera, the disciple and associate of
Leucippus, belonged to the generation next after Anaxagoras.
He was a youth when Anaxagoras was an old man.(®) He
may be considered as the contemporary of Socrates. His birth
may be referred with probability to the year 459 B.c.; heis
stated to have reached a great age, so that he must have lived
beyond the middle of the next century.(*?) He appears from
his own testimony to have travelled to many foreign coun-
tries.(*®) It is asserted that he visited Egypt for the purpose of
learning geometry, and extended his journeys to the Chaldweans
at Babylon, to Persia, to the Red Sea, and even to India and
Ethiopia, where he had intercourse with the gymnosophists. (**)
That he made scientific observations in these countries, and

(300) Diog. Taert. ix. 30—33; Plut. Plae. ii. 7, 1ii. 12; Stob. Eel.
Phys. 1. 15, 22 ; Euseb. Prep. Ev. xv. 38; Origen, Ref. Her. p. 17;
Galen, c. 11, 21.

The passage respecting the earth stands thus in Diogenes, n. 30, mjw
yiv oxeiclac wept TO peérov Swovpémy, oxipd Te avris Tupravoebés elvae.  The
words wepi 70 peoor dwovpernr appear to mean, ‘ fixed by the dus about the
centre ;" they may be compared with the celebrated passage respecting the
earth in the Tim@us. The statement that Leueippus supposed the shape of
the earth to resemble that of a tympanum, recurz in Plut. Plae. iii. 10;
Euseb. Preep. Ev. xv. 56. The Greek tympanum appears to have been
like a tambourine, or to have been hemispherical.

In Stob. Ecl. Phys. i. 22, Aelrmmos kal Appdeperos yirdva kixhe Kal
vaéve mepiTelvouoe TE Koope, Bid Tov dykwotpoaday doTpoy epmemheypivar, the
sense requires arduer for derpev, the conjecture of Heeren. The words
aupmhéxew and mepimrheékew are used, with reference to the Leucippic con-
course of atoms, by Origen, ib. p. 17.

(301) This fact rests upon the authority of Democritus himself. He
was stated to be 40 years younger than Anaxagoras, Diog. Laert. ix. 34,
41. Aristotle, Meteor. ii. 7, states that Democritus was later than Anaxa-
goras.

(302) Concerning the lifetime of Democritus, see Democriti Frag-
menta, ed. Mullach, p. 2—36.

(303) See Mullach, p. 3.

(304) Mullach, p. 40—19. See Cic. de Fin. v. 19; Strab. xv. i. 38.



138 ASTRONOMY FROM THALES [cuap. 11.

held intercourse with learned men, he himself declares ; but he
adds that not even the land-measurers of BEgypt excelled him
in geometrical demonstrations ; from which it may be inferred
that he did not consider himself as having derived much in-
struction from the Egyptian or other foreign priests. He is
reported by Diodorus to have passed five years in Egypt, and
to have there obtained much astronomical knowledge.(**) In
the list of the works of Democritus are included treatises on
the sacred writings at Babylon and at Meroe, and a discourse
on the Chaldwans.(**) Among his numerous writings are
several treatises on astronomical and mathematical subjects ;(*'7)
he, moreover, like other physical philosophers of that period,
framed a cycle of intercalation for the government of the
calendar. It consisted of eighty-two years, with twenty-eight
intercalary months.(*"®) This cycle (as Mullach, the collector
of the fragments of Democritus, has remarked) evidently
assumes a year of 355 days, and intercalary months of thirty
days. Upon this assumption, the cycle of Democritus accords
with eighty-two years of 365} days, within only half a day.(%")
The year is nearly the lunar year of 354 days; but as the in-
tercalary months are of thirty days, this cycle does not agree
with the moon.

Demoecritus supposed the earth to be at the centre of the
universe, and immovable. Ile conceived its form to be that
of a disc, but hollow in the middle ;(*) and its support to be

(305) Clem. Alex. Strom. i. p. 304; Sylb. Euseb. Prap. Ev. x. 2;
Diucﬁ 1. 98. The statement that he passed 80 years in Egypt must be
erroneous. See Mullach, p. 19. Concerning the word dprelordrrys, or
rope-tier, see Sturz de Dialect. Maced. p. 98.

(306) Mullach, p. 124—6.

(307) Mullach, p. 129—131, 142—147.

(308) Censorin. 18. Compare Mullach, p. 143—5.

(300) 82 x 355 + 28 x 30 =29110 + 840 = 29950 ; and 82 x 365}
= 299501,
 (310) Anudpiros Surkoerdn pév Té whare, kothgy 8¢ vo péoov, Plut. Plac.

iii. 10. Repeated, with slight verbal variations, in Galen, e. 21; Euseb.
Przp. Ev. xv. 56.
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derived from the resistance of the subjacent air.(®1) IIe held
the shape of the surrounding heaven to be spherical.(*#)

He accounted for the immobility of the earth at the centre
by saying, that, as it was equidistant on all sides from the con-
taining sphere, there was no reason why it should incline in
one direction rather than in another. Ilence he explained how
the earth remained in a state of rest, though it was subject to
vibratory motions, which produced earthquakes.(*) With
regard to the inhabited portion of the earth, he first represented
it as a rectangle, having its length to its breadth as three to
two.(*#) He accounted for the inclination of the earth’s axis
to the south, by the more luxuriant growth of plants in the
milder climate of the southern part of the earth, and its con-
sequent preponderance over the northern part.(*'®) He held
the doctrine of a plurality of worlds, at various distances from
each other, and of different magnitudes. e supposed the
earth which we inhabit to have existed before the stars; he
placed the moon nearest to the earth, beyond the moon the
sun, and beyond the sun the fixed stars. He conceived the
planets as stationed at unequal distances.(*'%) IHe perceived that
the movement of the stars is from east to west. He likewise
held the following tenets:—That the sun is an ignited mass of
stone, and that the solstices are produced by its vortical move-
ment ; (*'7). that the moon is a solid body, containing moun-
tains and valleys, which caused the marks apparent upon the
moon’s face ;(*'®) that the velocity of the motion of the celes-
tial bodies is in proportion to their distance from the earth:

(311) Ariztot. de Ceel. ii. 13, § 16.
(312) Stob. Eel. Phys. i. 15.

(313) Plut. Plac. iii. 15 ; Galen, c. 21.
(314) Agathemer. i. 1.

(315) Plut. Plae. iii. 12; Galen, e. 21.

(316) Origen, Ref. Her. E 17. Compare Euseb. Prep. Ev. i. 8, vol.
i. p. 50, ed. Gaisford ; Diog. Laert. ix. 44.

(317) Stob. Eel. i. 25; Galen, ¢. 14.
(318) Stob. Ecl. i. 26, p. 550, 564 ; Heeren; Galen, ¢. 15.
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hence that the motion of the fixed stars is more rapid than
those of the sun and moon, the moon being the least rapid of
all ; and that the stars gain upon the sun and moon.(*'?) With
respect to planets, Democritus did not profess to know more
than their existence ; he did not attempt to name them, or to
determine their number and orbits.(**") Like Anaxagoras, he
conceived that comets were the result of a concourse of certain
planetary stars, ()

{_E.:g} See Lucret. v. 619—34, where this singular attempt to account
for the proper motion of the sun is clearly expounded.

(320) Democritus, subtilissimus antiguorum omnium, suspicari ait se
plures stellas esse quae currant; sed nec numerum illarum posuit nee

nomina, nondum comprehensis quingue siderum cursibus. Seneea, Nat.
Quast. vii. 3.

(321) Aristot. Meteor. i. 6; Galen, ¢. 17 ; Stob. Ecl. Phys. i. 27,
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SCIENTIFIC ASTRONOMY OF THE GREEKS FROM
PLATO TO ERATOSTHENES.

§1 HE writings of Plato do not contain any dialogue

which turns principally upon astronomy. FEven the
Timaens, though it touches upon astronomical questions, is
mainly an exposition of cosmological and physical ideas. The
ereat philosopher, however, in his discursive flights of specula-
tion, comes occasionally into contact with astronomy proper;
and these passages must occupy a place in the historical survey
which we are now taking.

The general view which Plato forms of astronomical science
is diametrically opposed to that of Socrates. In the Republic
he condemns all close study of the celestial phenomena as im-
mersing the mind in matter, and withdrawing it from the con-
templation of abstract truth. Ie rejects, as a vulgar prejudice,
the idea that the observation of the heavenly bodies is sublime;
and he approves of astronomical speculation only as an exercise
of the pure intellect.(!) In like manner he held that the sup-
posed atheistic tendency of astronomy, owing to its use of
mechanical causes, was founded on a gross and material con-
ception of the science ; he condemned the doctrines of those
who taught that the heavens were full of stones and earth, cir-
culating in space. (?)

Plato appears to have held that the earth is a sphere, sus-
pended in space, and stationary in the midst of the universe.(*)

(r) De Rep. vii. p. 529, 530.
(z) De Leg. xii. p. 967.

‘i‘s]l In the Pheedo, c. IBE,EF. 109, Socrates luys it down that the earth
is of cireular form, in the midst of the heaven ; and that it is kept in its
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His langunage on this subject is not free from ambiguity, and
even Aristotle understood him to affirm that the earth has a
motion of rotation about the axis of the universe. Nor was
this opinion confined to Aristotle among the ancients. It was
shared by others, who lived after him, and who, therefore, had
time for examining the words in the Tim:eus, for comparing
them with the context, and weighing the arguments of those
who took a different view. But the majority of the best mo-
dern expositors agree in rejecting this construction.(*) It
appears probable that Plato meant merely to describe the world
as wound or fwined round the axis of the universe, this word
referring to the globular shape of the earth, and suggesting,
metaphorically, the idea of a ball of thread. (%)

It was reported by Theophrastus that Plato, in his old age,
repented at having placed the earth at the centre of the uni-
verse, on the ground that this was not its fitting position. (°)

place by its equilibrium, and by its resemblance to the surrounding cir-
cular heaven. That the sphericity of the earth was taught by the fol-
lowers of Socrates is stated by Cleomed. i. 8. Compare Ukert. 1. 2,
p- 29. Martin, Timée, p. 90, 118.

4) See Martin, ib. vol. ii. p. 88—01 ; Boeckh, Kosmisches System
des Platon, Berlin, 1852 ; Prantl, Translation of Aristot. de Ceelo, p. 312.
Plato is distinet in making the celestial sphere revolve upon its own axis,
in the previous part of the Timmus. &d 8 kard talrd €v 70 alrd xal év
fauTd mepayaywy attd emoinoe kukhw Kiveioba orpeopervor, § 11, p. 34

(5) y7v B¢, Tpothdy pév guerépar, eilhopermy 8¢ mept rov Sud warrds molov
rerapévor, Tim. e. 15, p. 40. For Aristotle’s interpretation of these words,
see his treatise de Ceelo, ii. 14. Compare Plut. Plat. Queest. viii. ; Cie.
Acad. ii. 39. The diffienlty of reference to the manuseript books was
much greater than it is to printed books ; and the ancients were obviously
in the habit of citing from memory. Concerning the meaning of eiN\opcimp
in this passage, sec Boeckh, Kosm. Syst. des Plat. p. 64-5, 67. Letronne,
Journ. des Sav. 1841, p. 76, thinks that the word implies the rotundity of
the earth, without expressing any rotatory motion. Compare Journ. des
Sav. 1819, p. 329. The use of the word mdhos for axis is peculiar to this
passage; see notes A. and C., at the end of the chapter.

Cicero reports the theory of Hicetas that the earth iz in the centre
of the universe, but moves on its axis; that the other heavenly bodies are
stationary, and that their apparent motions are due to the real motion of
the earth. He then proceeds to say : Atque hoe etiam Platonem in Timzo
dicere quidam arbitrantur, sed paullo obscurius, Acad. ii. 39.

(6) I'le:?:j‘)‘_aawlr}r &¢ kal rrt.mumrrﬂpf? 19 IMidrer mpeaFurépe yevopcre pera-
peeiv, os ov mpogikovray arebovr Tfj yi v péony xdpar Toi warrds, Plut.
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The truth of this statement is questioned by M. Martin ; who
remarks that Plato was already advanced in years when he
composed the Timzeus.() But the testimony of Theophrastus,
the disciple of Aristotle, and nearly his contemporary, has great
weight on this point. The ground of the opinion alludes to the
Pythagorean doctrine mentioned by Aristotle, that the centre is
the most dignified place, and that the earth is not the first in
dignity among the heavenly bodies. Tt has no reference to
observed phenomena, and is not founded on inductive scientific
argcuments. It may be added in support of Theophrastus, that
Plato is stated, after the death of Socrates, to have studied the
Pythagorean philosophy in his visits to Italy and Sicily, to
have there conversed with Archytas of Tarentum, and with
Timzus the Loerian, both members of the Pythagorean sect,
and to have obtained the writings of Philolaus.(}) Now the
doctrine as to the superior dignity of the central place, and of the
impropriety of assigning the most dignified station to the earth,
was (as has been already shown) of Pythagorean origin, and
was probably combined with the Philolaic cosmology.

Plato alludes to the great circles of the equator and
ecliptic in a manner which shows him to have been aware of
their inclination to each other.(’) He likewise makes mention
of the planets in a manner which proves that in his time they
had attracted attention in Greece, and that their movements
had been explored by the astronomers. Plato speaks of seven

Plat. Queest. viil. 1. ravra dé kai Dharwra daoe ?rﬁfrr,ﬂfrfqr?mdpcmv dravevono-
Aar mept Ths yijs ws €v érepn ywpa xaleorooys, Tar 8 péonr kal kuprwrdrny
érépw Tuvt kpeirrom mpoofkovear, Plut, Num. 11.  Compare Aristot. de Ceel.
1. 13, 3.

(7) Timdée, vol. ii. p. 91. DBoeckh agrees with Martin, Kosm. Syst. des
Plat. p. 149.

(8) See Diog. Laert. iii. 9; Tamblichus, de Vit. Pythag. e. 31, p. 406,
ed. Kiessling ; Cic. de Rep. i. 10, de Fin. v. 29; Gell. iii. 17. Tamblichus
describes the three volumes as not being the compositions of Philolaus
himself ; but as traditionary writings of the school; and he says that
before Philolaus, all the treatises of the Pythagorean sect had been kept
gecret. Compare Ideler, Mus. der Alterth. vol. ii. p. 405; Martin,
Timée, vol. i. p. 412 ; Theo Smyrn. p. 120, ed. Martin.

(p) Martin, ib. p. 30.
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planets ; namely, the sun and the moon, together with the five
planets visible to the naked eye. To the latter he gives the
names by which they appear to have been originally known in
Greece. These names are Lucifer and Hesperus, the Morning
and Evening star, which he identifies as a single planet; Stil-
bon, also called the Star of Mercury; Pyroeis, or the fiery,
which Plato remarks is so named on account of its red colour ;
Phacthon, the planet of the slowest course but one; and,
lastly, the planet of the slowest course, which by some is called
Pheenon.('”) IHe not only knows that Saturn makes the
slowest circuit, and that next after Saturn comes Jupiter ; but
he likewise distinguishes Mercury and Venus from the other
three planets, as having courses different from them. (")

The early Greeks conceived the Morning star to be distinct
from the Evening star. They called the former Eosphorus or
Phosphorus, and the latter Hesperus.('®) Plato consolidates
the two stars into one, under the name of Eosphorus : it had
not as yet received the name of the Star of Venus. With regard
to the other planets, Plato says that they were first observed
and first received names in Egypt and Syria. This priority he
attributes to the clearness of the summer sky in those countries,
as compared with that of Greece. He designates them, how-
ever, by names, which, he says, have been given to them by
some persons in Greece,('*) and which, though not at that time
popular, were at all events native and unborrowed. The
three names, Stilbon, Phaethon, and Phwnon, have nearly the
same signification, and express nothing distinctive and charac-

(10) Tim. p. 38 ; Epinom. p. 987.
(1r1) Tim. p. 38. Compare Martin, ib. p. 66. Pyroeis is one of the
horses of the sun in Ownid, Met. 11, 193.

(rz) See Iauly, art. Hesperus; Martin, ib. p. 63. Plato, however,
appears to treat the Morning and Evening stars as distinct in Leg. vii. 22,
p- 821. In the epigram ascribed to Plato, Anth. Pal. vii. 670:—

agTp -n'rg.ﬁv per Ehapmes evi {wolow éwos,
viv 8¢ Bavaw Mpmes Eormepos €v fiuevors,
the Morning and the Evening stars appear to be distinguished.
(r3) Epinom. p. 987.
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teristic ; the name Pyroeis for Mars alludes to the peeculiar
colour of that planet, which can be perceived by the naked
eye.('*) Plato likewise applies to Stilbon the appellation of the
Star of Mercury.

§ 2 We have now reached the period when the Greek astro-
nomy, though still in an imperfect and unformed state, was begin-
ning to assume the character of a science founded on systematic
observation. Eudoxus of Cnidos, whose life probably extended
from about 406 to 350 B.c., who was junior to Plato, and senior
to Aristotle,('*) may be considered as the father of scientific
astronomical observation in Greece. He was a disciple of Plato
and Archytas; he resided chiefly at Cyzicus, at the mouth of
the Eaxine Sea. He is reported to have visited Egypt, and to
have there received astronomical instruetion from the priests.
The account of Strabo 1s, that Plato and Eudoxus remained
thirteen years at Ieliopolis, in communication with the
priests, for the purpose of extracting their secret doctrine. (')
This period appears, however, to bhe exaggerated, nor is
it likely that the visits of Plato and Eundoxus were simul-
taneous or connected with each other. More credit is due to
the statement of Sotion, who wrote the History of the Greek
Philosophers about 205 B.c.(') This statement is, that Eudoxus
went to Egypt with Chrysippus, the physician, earrying with
him letters of recommendation from Agesilans to Nectanabis,
king of Egypt; that Nectanahis introduced him to the priests ;
that he remained in Egypt sixteen months, shaving his eye-
brows after the native fashion; and that he then composed his

(14) M. Arago states that the redness of Mars is greater when the
planet is seen by the naked eye, than when it is viewed through a tele-
scope, Popular Astronomy, b. 24, e. 7.

(15) Eudoxus was born about twenty-four years after Plato, and about
twenty-two years before Aristotle. For a full account of Eudoxus and his
writings, see the dissertation of Ideler, Berlin Transactions, 1828 and 1530,
Letronne, on Eudoxus, Journ. des Sav. 1840, p. 744, fixes the birth of
Eudoxus at 409, his visit to Egypt at 362, and Lis death at 356 B.c.

(16) xvii. i. 29,
(17) See Clinton, F. H. vol. iii. p. 526.
L
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cycle of eight years.(*) The expedition of Agesilaus to Egypt,
in which he placed Nectanabis on the throne, ocecurred in 361
B.C. ; (1) this year must therefore be the date of the recommen-
dation given by Agesilaus to Eudoxus, and of the visit of the
latter to Egypt, if the account of Sotion be true. Eudoxus was
at this time more than forty years old, and he died at the age
of fifty-three. Diogenes Laertius reports that while Eudoxus
was residing with Chonuphis of Heliopolis, the sacred bull
Apis licked his garment ; whence the priests predicted that he
would be celebrated, but short-lived.(*") This prediction, which
supposes Eudoxus to be a young and obscure man, does not
agree with the date of his visit to Egypt, according to the ac-
count of Sotion. It is mentioned by Plutarch that Eudoxus
visited Egypt, and became the disciple of Chonuphis, whom he
calls a native, not of Heliopolis, but of Memphis.(*!)

Plato, as well as Eudoxus, is stated to have profited by the
lessons of Chonuphis ;(**) which belief may have given rise to
the story of their joint journey to Egypt. The instruction in
astronomy which Eudoxus derived from the priests, during his
residence in Egypt, is likewise mentioned by Diodorus.(*)
Eudoxus is reported to have visited Mausolus, king of Caria, (**)
whose reign extended from 377 to 353 n.c., and whose wife,
Artemisia, erected the celebrated Mausoleum to his memory. (%)
This fact affords another indication of his lifetime. He is,
moreover, related to have wvisited Dionysius the younger of

(18) Diog. Laert. vin. 87.

(19) Clinton, ¥. H. vol. ii. p. 213. Compare Grote, Hist. of Gr. vol. x.
p- 499,

(20) viii. 90.

(z1) De Is. et Osir, 10.

(22) Plutarch, De Gen. Soerat. 7; Clem. Alex. Strom. i. 15, § 69, says
that Sechnuphis was the instructor of Plato, and Conuphis of Eudoxus.

(23) 1. 98. Compare Sen. (). N. vii. 3. Eudoxus was likewise stated
to have published some Dialogues of Dogs, translated from the Egyptian,
Diog. Laert. viii. 89.

(24) Diog. Laert. viii. 87.
(25) Clinton, F. H. vol. ii. p. 286.
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Syracuse ;(*%) which visit must have taken place between 367
and 356 B.c,

Eudoxus was a geometer and mathematician: when the
Delians applied to Plato for a solution of the problem of the
duplication of the eube, which the oracle of Apollo had declared
to be the condition of the cessation of a pestilence in their
island, he referred them to Eudoxus and Helicon, as being abler
than himself to afford the desired assistance.(*)

His chief scientific reputation was, however, founded upon
his astronomical researches. e was a practical observer of the
heavens, and he consigned to writing the results of his observa-
tions. According to Ptolemy, he made astronomical observa-
tions, not only in Asia Minor, but also in Siecily and Italy.(*)
His observatory at Cnidos was extant in the time of Posidonius,
the early contemporary of Cicero, who saw from it the star
Canopus.(*”) He is related to have lived on a high hill, in order
to observe the stars.(*”) The notion that the stars could hest be
observed from high places oceurs elsewhere among the ancients,
and may even be traced in the mythological stories concerning
Atlas and Prometheus. As a proof of his ardent desire for
astronomical knowledge, a saying of his was cited, that he would
willingly suffer the fate of Phaethon, provided he could approach

—

(26) AElian, Var. Hist. vii. 17.

(27) Plut. de Gen. Soc. 8. Compare Ideler, Berl. Trans. 1828, p. 207;
Montuela, Hist. des Malhémati{]uﬂ. vol. i. p. 186.

Helicon wrote a work entitled dworehéopara, and a treatise mepi
dworgpaar, Suidas in v. The latter of these was of an astronomical,
but the former of an astrological character. Helicon is likewise stated
by Plutarch to have predicted an eclipse to Dionysius of Syracuse, when
he was staying at his Court with Plato, and upon the verification of his
][l)rpphelbg to have been presented by Dionysius with a talent of silver,

ion. 19.

Concerning Eudoxus as a geometer, see Ideler, ib. p. 203—212. The
enrvilinear geometry of Eudoxus is celebrated in an epigram of Eratos-
thﬂ{lﬁﬂ;. who lived from 276 to 196 B.c. See Bernhardy's Eratosthenica,
p. 180.

(28) De Apparentiis, p. 53, ed. Petav.

(z9) Strab. i1. 5, 14; xvii. 1, 30.

(30) Petron. SBat. ¢. 88: Eudoxus quidem in cacumine excelsissimi
montis consenuit, ut astrorum ccelique motus deprehenderet.

L2
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within such a distance of the sun as would enable him to discern
its figure and magnitude.(*')

The principal astronomical labour of Eudoxus appears to
have been a descriptive map of the heavens, which he executed
in two works, nearly identical with each other, one called the
Eunoptron, or Mirror, the other the Plenomena, or Appearances. (*)
These works are no longer extant ; but the second of them was
versified by Aratus, an Alexandrine poet,(*) who wrote about
270 B.c., and therefore about a century after Eudoxus ; his poem
enjoyed a high reputation in antiquity ; it received the honour
of being rendered into Latin verse by Cicero and Germanicus
Ceesar, the grandson of Augustus; and it has descended to our
days, accompanied with a large apparatus of ancient scholia. ()
It continued to be used as a practical manual of sidereal astro-
nomy as late as the sixth century of our era.(**) It appears
that Aratus undertook the task of versifying the prose work of
Eudoxus, at the suggestion of Antigonus Gonatas, king of Ma-

(31) Eﬂﬁn&ar it :]uxs'm,. ?mgmn'mr rr.§ ghiw, kai xarapalor To oyqpa o
dorpov kal 70 péyeflos kai 7O eidos, o5 & Paclwr karadheynrar, Plutarch, non
posse suav. viv. sec. Epie. 11.

(32) According to Cie. Rep. i. 14, a solid eelestial sphere or globe was
first constructed by Thales ; and afterwards by Eudoxus. Cicero, how-
ever, appears to confound the description of E};ldoxus with the material
globe.

33) ﬂm:j:repfrm 8¢ eis Tov Fvﬁnﬁw 8vo BiyFhia mept Taw cjmwnp:ump,

y,QE wra Kard rrul-"r-tl u'xeﬁ:’m r::'ln}l.r]?lnms', TAGY uh'}wp u'\‘.fmﬁfm. TO p.ﬂr oup €

atroy !ﬂ}rpuq.rifm “Evomrrpov, 70 8¢ eTepor *I?mmpfm mpis Ta Pawipera de Tiw
moigow overerayxev.  Hipparch. ad Phen. i. 2, p. 98, ed. Petav.

The following passages relating to the head of the Great Bear, cited from
the two works of Eudoxus by T[lmmrchus, will serve to show their relation.
From the I‘lwnomena tmd 8¢ rov Mepréa kal mpy Kaoowémear ob mohd Siéxovod
EaTiv 1 xetﬁn}\q s peydlns dpkrov, of 8¢ perafd TolTwr nfrﬂpfs‘ nurru- rxpaupm.
me ﬂh:: ]‘.Imlltt'ml: u-ru,rﬂw 8¢ Tov Hs_u}u-:-ws- Ltu wapit 1'u W.’Em s Kao-
aiemsias ol wohd Gakeimovoa ) kehakyy Ths peydhns dprrov keirat, ol 8¢ perafd
dorépes elow dpavpol, In Phen. 1. 12, p. 109, The differences are merely
verbal.

(34) The list of ancient commentators on Aratus, printed in Petar.
Uranolog. p. 147, contains no less than thirty-six names. It must, how-
ever, have been framed by some ignorant compiler, for it contains the
names of Thales and Parmenides. Tle names of the two Aristylli likewise
oceur twice.

(33) See the treatise of Leontins Mechanicus, mepi karaocevqs "Apareias

aparpas, in Buhle's Aratus, vol. i. p. 257.
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cedonia.(*) As Aratus was not himself a scientific astro-
nomer,(*’) he may be supposed to have faithfully reproduced the
descriptions of his guide. A critical commentary upon these
works of Endoxus and Aratus, by the great astronomer Hip-
parchus—who was about a century posterior to Avatus—is,
moreover, extant. 'We are therefore able to judge of the method
pursued by Eudoxus for determining the places of the stars.
This method was to conceive the starry heaven as distributed
into constellations, with recognised names, and to define them
partly by their juxtaposition, partly by their relation to the
zodiac, and to the tropical and arctic civeles. IHe did not, like
modern astronomers, deal with the stars siugly, and define their
places by celestial measuvement: he laid down ueither their
right ascension and declination, nor their latitude and longi-
tude ; but he gave a sort of geographical description of their
territorial position and limits, aceording to groups distinguished
by a common name.(*)

The constellations had been named by the Grecks before
the time of Eudoxus; the course of the sun in the ecliptic
had heen determined ; the ecliptic had been divided into twelve
parts, each coinciding roughly with a lunation; the celestial
band, of sixteen degrees in width, within which the apparent
motions of the sun, moon, and visible planets are made,(*) had

(36) See the ancient lives of Aratus, in Westermann's Biogr. Gr. p. 53,
69. The ancient biographer states that Aratus versified the xardmrpor of
Kudoxus, as he calls his &omrpov; but Hipparchus, whose authority is
decisive, states that the poem of Aratus was founded upon the gawdpeva.
Antigonus Gonatas reigned, with eeriain interruptions, from 277 to 239
B.c. Forthe time of Aratus, see Clinton, ¥. H. vol. iil. p. 485; and
for an account of his writings, see Donaldson’s Hist. of Gr. Lit. vol. i1
p- 425.

(37) Constat inter doctos hominem ignarum astrologie, Aratum,
ornatissimis atque optimis versibus de cu‘ﬁﬂ stellisque dixisse, Cic. de
Orat. i. 16.

(35) For an account of the deseriptive method of Araius, see Delambre,
Hist. de I'Astron, Ane. tom. i. p. 61—74; Penny Cyclopeedia, art. Zodiac.

(39) Ptolemy, Synt. viii. 4, states that the zodiae iz bounded by the
motions of the planets in latitude. Cleomedes, i. 4, lays it down that

the planets never exceed the zodiac. Compare Macrob. in Somn. Seip.
i+ 15_] § ]-t}t
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been defined by twelve constellations, and had therefore re-
ceived the name of the zodiacal circle. The originality of the
labours of Eudoxus consisted in his comprehensive view of the
heavens, and in his description of the entire starry sphere.

The ancient astronomers had at an early period observed
that the sun’s annual course is not parallel to the nocturnal
motion of the stars, or at right angles to the axis of the
world. (*) They defined this course by observing the points at
which the sun successively set, and by marking their coinei-
dence with the constellation which appeared at the same point
upon the horizon. Having divided the sun’s annual course
into twelve parts, by a rude agreement with the number of
lunations in the solar year, they distinguished each of these
twelve parts by a constellation or sign. The zodiac of the
Greeks aequired, after a time, a definite width, determined by
the greatest latitude of the visible planets. But originally
it could have had no defined width; it had been used as a
method of measuring the sun’s annual course, before the
courses of the planets had been observed, and before their dis-
tances from the sun’s path had been laid down. The ancient
astronomers, until Hipparchus, were ignorant of the preces-
sion of the eguinoxes, and they made no distinction between
the sign, or twelfth part, of the zodiac and the constellation.
They did not know that the sidereal year is different from the
solar year. The sign of Aries, as corresponding with the
vernal equinox, was taken as the beginning of the astronomical
year ; but Ideler has shown that the practice of FEudoxus, and
of other ancients, who reckoned the eguinoxes and solstices
sometimes at the middle and sometimes at other degrees of the
sign, affords no basis for the refined inferences which modern
astronomers have founded upon it.(*')

(40) On the elevation of the north pole, see Ideler, ad Aristot. Meteor.
vol. 1. p. 505.

(41) Berl. Trans. 1830, p. 55—61. Compare the remarks of Delambre
on other inferences founded on the statements of Eudoxus, Astr. Ane.
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§ 3 Eudoxus does not appear to have adverted to the planets
in his deseription of the heavens. They are not once men-
tioned in the comment of Hipparchus; and the manner in
which they are noticed by Aratus raises a strong presumption
that they were passed over in nearly total silence by his guide.

The following—the only passage in which the planets are
mentioned by the versifier of Eudoxus(**)—is thus rendered
into English verse by Dr. Lamb, in his translation of the poem
of Aratus :—

Five other stars remain of various size,

That lawless seem to wander through the skies:
Henee planets called ; yet still they ever run
Through the twelve signs, the circuit of the sun.
Thousands of ages come, thousands depart,

Ere all return and meet where once they start.
Rash the attempt for artless hand like mine

To trace their orbits and their bounds define :
My easier task the circles to rehearse

Of the fixed stars, and trace Sol's annual course.

But although Eudoxus (whose object it probably was to com-
pose a practical manual for finding the time of night) (¥), did
not introduce any mention of the planets into his Mirror of the
Heavens and his Phenomena ; yet he was the first Greek
astronomer who devised a systematic theory for explaining the

tom. i. p. 122, ¢ Mais les données d’Eudoxe ne s'accordent pas entr’elles ;
c'est gqu'il n'a point regardé le ciel, qu’il a recueilli les observations gros-
siéres faites a vue, peut-ctre en différens tems et en différens pays. Iln'est
pas étonnant qu’avee des élémens aussi imparfaits, il ait donné des discor-
dances ¢normes ; ce qui ¢tonne davantage, ¢'est la peine inutile que ge sont
donnée quelques modernes pour expliquer tout cela, en supposant des
observations faites & des époques éloignées les unes des auntres. 1l fandrait
autant d'époques différentes qu' Eudoxe a nommé d'étoiles. On s'est
accordé i prendre pour idée fondamentale que les observations étaient
bonnes. ]_Fétait bien plus naturel de les supposer mauvaises ; mais alors
on n'aurait pu batir aucun systéme.’

(42) Aratus, v. 454-61. The last two verses are correctly ex-

lained by the Scholiast thus: odk dv edflapoys wept Tév mhavrer eimei,
aproty 6 dv el pot TO mepl Tav drhavor pdfpua.

(43) Delambre lays it down that the commentary of Hipparchus upon
Eundoxus and Aratus, and which has the same character as the works it
interprets, “ appears to have been composed exclusively for the purpose
of facilitating the means of finding the ﬂuur during the night,” Hist. de
I'Astr. Ane. tom. 1. p. 172,
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periodic motions of the planets. His planetary theory was,
with certain corrections and developments, adopted generally
by the scientific astronomers of Greece who succeeded him, and
it ultimately assumed the form of the Ptolemaic system of the
world.

It appears to have originated in a suggestion of Plato, who
propounded it as a problem to the astronomers to explain the
movements of the planets by a hypothesis of equable and uni-
form movements. (*)

The heavenly bodies to which the ancients gave the name of
planets, as having each a peculiar motion, independent of the
general and uniform course of the fixed stars, were the five
planets visible to the naked eye, and the sun and moon.
Sometimes the term was limited to the five erratic stars.

The hypothesis of Eudoxus comprehended the seven planets,
and was as follows :—The sun and the moon are each carried by
three spheres, one of which is that of the fixed stars, one moves
along the zodiacal circle (or ecliptic) ; and the third moves along
a circle oblique to the zodiacal circle; the latter circle being
more oblique for the moon than for the sun. Each of the five
planets has four spheres, two of which are the spheres of the
fixed stars and the zodiacal circle. Of the other two, one has
itz poles in the zodiacal cirele,(*) and the other moves in a
direction oblique to this circle.

(44) Simplicius, on the authority of Sosigenes, ap. Schol. Aristot.
p- 495, Brandis. Geminus attributes the invention of the hypothesis of
uniform ecireular movements to the Pythagoreans : see above, p. 131.

(45) Dr. Whewell, Hist. of the Inductive Seiences, vol. i. p. 166, thinks
that Aristotle reported the hypothesis of Eudoxus erronecusly, and that
instead of saying ° has its poles in the ecliptic,” he ought to have said, ‘ has
its axis perpendicular to the ecliptic.” According to the report of Aristotle,
Eudoxus supposed each planet to have four spheres: 1. that of the fixed
stars, the poles of which would be identical with those of the earth; 2. a
sphere whose motion is along the ecliptic, and whose poles would therefore
be perpendicular to the ecliptic; 3. a sphere whose poles were in the
ecliptie, and whose motion, therefore, would be perpendicular to the eclip-
tic ; each of the planets had the poles of this sphere in different points of
the ecliptic, with the exception of Venus and Mercury, which agreed in
having the same poles for this sphere: 4. a sphere whose motion was
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Such is the general account of Aristotle ; (**) from which it
results that the total number of revolving spheres supposed by
Eudoxus for effecting the complex motions of the sun, moon,
and five planets, was twenty-six ; namely, six for the two former,
and twenty for the five latter.(*”) Turther details respecting his
scheme are given by Simplicius, in an elaborate passage of his
Commentary upon Aristotle’s treatise de Ceelo,(*¥) which it
would be foreign to my purpose to repeat, and still more to
analyse. Some valuable ecriticisms upon the exposition of
Simplicius are introduced by Ideler in his Dissertation on
Eudoxus. (¥)

The general principle of all these systems of revolving orbs
for each movable heavenly body was the same; namely, to re-
solve each apparent motion into its elements ; to decompose it
into its compounding directions; and to suppose each of these
simple or decomposed movements to be effected by a separate
orb. It is difficult to understand how these co-revolving orbs
were conceived to harmonize in producing a single resulting
motion : but the Greeks, even in the time of Eudoxus, were
subtle geometers, though from the want of clocks and telescopes
their astronomical knowledge was limited and unprecise; and
they doubtless had formed a clear idea as to the solution of a
problem which was substantially geometrical. The hypothesis

transverse to the ecliptic, and whose poles therefore would likewise be
transverse to the ecliptic. The report of Aristotle is consistent with itself,
and appears to be correct. If the third sphere had its poles perpen-
dicular to the ecliptie, its motion would be in the direction of the ecliptie,
and it would coincide with the second sphere. The subject iz copiously
explained by Simplicius, ib. p. 499, col. b. Compare Ideler, Berl. Traus.
1830, p. 78.
(46) Metaph. xi. 8.

(47) Ideler, Berl. Tr. 1830, p. 81, by an oversight or error of the press,

states the numhber as 27.

(48) SBee Schol. Aristot. ed. Brandis, p. 498. In composing this
account Simplicius consulted the History of Astronomy by Eudemus, and
the Commentary of Sosigenes, the astronomer who guided Julius Ceesar in
the reform of the Roman ealendar. He likewise refers to a work of
Eudoxus on Velocities—mepi rayav.

(49) Berl. Trans. 1830, p. 73.
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of revolving spheres originated in the primitive idea of a solid
erystalline firmament, in which the stars were set, and which
made a rotatory motion round the earth every twenty-four hours.
This idea was entertained by the Ionie philosophers, who spoke
of the stars being attached, like nails or studs, to the hollow
celestial sphere ; (*”) and even Aristotle conceives the fixed stars
as owing their motion exclusively to the sphere in which they
are fastened, and by which they are whirled round the earth.
This supposition was natural, and not unphilosophical, with re-
speet to the apparent motion of the fixed stars ; their movements
being simultaneous and uniform, were adequately explained by
the simple hypothesis of a revolving sphere to which they were
all fastened. Tt might seem improbable that, if each star had
an independent movement, all should move uniformly, and re-
tain constantly the same relative positions to one another, The
Copernican hypothesis likewise reduces the dinrnal revolution of
the fixed stars to a single cause ; but it makes that cause the
rotation of the earth itself, instead of the rotation of the starry
gsphere. But when the theory of the diurnal revolution of the
starry firmament round the earth, which afforded a simple and
satisfactory explanation of the movement of the fixed stars,
came to be applied to the sun, moon, and planets, its unsuit-
ability became apparent. It was necessary to multiply the
spheres, in order to account for the anomalous tracks of these
bodies, as compared with that of the fixed stars; and thus the
explanation lost its simplicity, which was its principal recom-
mendation, while it remained limited to the fixed stars, accord-
ing to the original intention.

The periodic times of the five planets were stated by Eu-
doxus, as we learn from Simplicius: (*') the following is his
statement, to which the true times are subjoined, for the sake of
comparison :—

(50) See above, }3 95. The word fXos in Homer is used merely to signify
an ornamental stud, and not a nail for fastening. It probably had the
same meaning in the writings of the ancient Ionian Anaximenes,

(51) Ib. p. 499 b.
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Statement of
Eudoxus. True time.

Y. Y. I. H.
Mereury = = o o1 — 87 23
Venus . . 1 — 224 16
Mars . 3 2 321 23
Jopiter .0 sate 12 11 315 14
mafurn = - Wl S50 29. 174 ° 1

Upon this determination two remarks may be made. First,
the error with respect to Mercury and Venus is considerable;
with respect to Mercury, it is, in round numbers, 365 instead
of 58 days, more than four times too much. Anristotle remarks
that Endoxus distinguishes Mercury and Venus from the other
three planets by giving them one sphere each, with the poles in
common. The proximity of Mercury to the sun would render
its course difficult to observe and to measure; but the cause
of the large error with respect to Venus (130 days), is not
apparent.

With respect to the long periodic times of Jupiter and
Saturn, the approximation is close; and the accurate deter-
mination of an astronomical period of thirty years proves the
continuity of observation for a considerable antecedent period :
such a fact could not have been ascertained by the observation
of a single revolution of Saturn, or within the lifetime of a
single observer.

Eudoxus further stated the synodic periods of the several
planets (**), as is shown in the following table :—

Statement of Eudoxus. True time.

M. D. X. D.
Mereury .« . « 2 — 118 — 118
Veous . . . . 19 — 1 219
Mara () oen a0 8020 2 49
Jupiter — I 84
Saturn } nearty |l — 1 R

(52) Simplic. ib.; in p.499, col. b, line 25, read d=d dagews for aroarens,
(53) Ideler, ib. p. 78, thinks that the numbers in the text of Simplicius
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Setting aside Mars (as to which a corruption of the text may
be supposed), the numbers given by Eudoxus for the periodic
times of the planetary conjunctions approach closely to the

true times, as may be more clearly seen in the subjoined com-
parison :—

Time of Eudoxus. True time.
Daye. Dagys.
Meremy 450 W o A0 116
NehlE: ad wnie * araiitsmawbil 354
Mads | o wnnead snim o0 Eaga TR0l g &l
i N

The early Greek astronomers, from Thales to Anaxagoras
and Democritus, paid little attention to the planets, which they
classed rather with wandering meteors, or comets, than with
the fixed stars; the latter, which made an equable motion every
night, and always retained the same positions with respect to
one another, not only appeared to them as endued with that
immutability which was characteristic of the divine nature, but
also afforded a hetter measure of nocturnal time, when the sun-
dial could give no assistance. The names of the five planets
first occur in the cosmical scheme of Philolaus, who was a con-
temporary of Socrates: the Pythagorean School of that date
had doubtless a general idea of their movements. The same
general acquaintance with the number and course of the planets
was possessed by Plato. The fuller and more exact knowledge of
Eudoxus respecting the planets, and particularly his determina-
tion of their periodic and synodic times, appears to have been
chiefly derived from the Egyptian priests.(*®) His visit to Egypt

for Mars are corrupt, and that the true reading iz probably twenty-five
months twenty days. The irregular curve line described by the p ]l anets
was called Eddofov immomédy. See Simplic. ib. p. 500, col. a, and Ideler, ib.
p- B8.

(34) The month of Eudoxus is reckoned at thirty days.

(53) Speaking of the motions of the five planets, Seneca says : Eudoxus
primus ab Agypto hos motus in Graciam transtulit, Nat. Quest. vii. 3.
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is well attested ; and without adopting the extravagant theory
of a profound astronomical science, handed down by successive
generations of the Egyptian priesthood from a remote antiquity,
we may reasonably believe that the Egyptians preceded the
Greeks as practical observers of the ecelestial bodies, and that
they had, at the beginning of the fourth century before Christ,
accumulated a larger stock of astronomical facts than their more
intelligent and more scientific neighbours. We have the distinet
testimony of Aristotle as to the astronomical observations of
the Egyptians having been carried on for years before his time.
In Lis treatise de Ceelo, after deseribing an occultation of Mars
by the moon, which he had himself observed, he proceeds to
state that similar occultations of other stars had been observed
by the Egyptians and Babylonians : he remarks that they had
obszerved the heavens for many years, and that the Greeks had
received from them many oral reports concerning each of the
stars.(*) In his Meteorologics, he appeals to the Egyptians
as attesting the fact that some of the fixed stars acquire a tail
like a comet ; he adds that their testimony is credible though
only hearsay.(*’) It will be observed that Aristotle does not
speak of the Lgyptians as having composed any astronomical
treatises, or as having communicated to the Greeks any observa-
tions in writing.

The knowledge of the planetary bodies hegan at this time
to be regarded by the Grecks as essential to a truly scientific
and accomplished astronomer. €It is necessary (says Plato, or
the Platonic author of the Epinomis) that the genuine astrono-
mer should, not like Hesiod and others such as Hesiod, confine
himself to a knowledge of the risings and settings of the con-
stellations : he ought to be likewise acquainted with the cireuits
of the seven planets, and of the eighth celestial sphere.’(*)

The Chald@ans had by this time applied their knowledge

(56) Ceel. ii. 12, 3. See below, § 4.
(57) Meteor. i. 6, § 9.
(38) Epinom. § 11, p. 990.
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respecting the planets and their movements to astrological
purposes. This application became known to Eudoxus, who, with
the scientifie spirit characteristic of a Greek, condemned it as
deceptive.(*”) The prognostics to be derived from the move-
ments of the planets respecting human affairs are mentioned by
Plato in the Timewus ;(*") but he does not connect them with
the nativity of the person whose fortunes are in question.

§ 4 Physical speculation may be considered to have origi-
nated in Greece with Thales in the sixth century s.c. Ethical
and political speculation, in a systematic and scientific form, took
its rise with Socrates in the fifth century.(*) So rapid was
the progress of intellectual investigation among this highly
endowed nation, that in the following century Aristotle attempted
to comprehend the entire cirele of physical, metaphysical,
logical, ethical, and political science, in his philosophy, and
believed himself to have accomplished this object.(**) One of
his extant treatises, that concerning the Heaven (wepi ovpa-
vov), (®) relates to the form and movement of the universe and
of its constituent parts, and properly belongs to astronomical
science considered in its widest extent. The treatise on Meteo-
rology is confined to the region intermediate between the
earth and the region of the stars. It includes inquiries into
the nature of meteors, comets, and the Milky Way. A third
treatise, of an astronomical character, attributed to Aristotle,
and included in the collection of his works, is entitled mepi
kdopov (Concerning the World, or the Universe), but it is

—mm ==

=g) Cie. de Div. 1. 42,
(Go) p. 40. hdFovs kai ogueia T@r perd ravTa yarnaoperor Tois Guvapévos
Moyileafu mépmovot.

(61) Aristotle was born eighty-five years after Socrates, and forty-five
years after Plato.

(62) See Meteor.i. 1; Eth. Niec. ad fin. ; and compare Cie. Fin. i. 4.

(63) For an account of the Commentary of Simplicius on Aristotle's
Treatise de Ceelo, see Delambre, Hist. de I'Astr. Ane. tom. i. p. 301.
Conecerning this Commentary, sce likewise the art. Simflicius, by Brandis,

in Dr. Smith's Diet. of Ane. Biogr,, and Cramer in the Plalol. Mus. vol. ii.
p. 588,

—
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unquestionably spurious, and was probably composed in the
last century B.c. A Latin translation of it is in the works of
Apuleius.(*)  Aristotle appears likewise to have written a
separate treatise on astronomy, now lost, which, according to
Diogenes Laertius, was comprised in one book, and was there-
fore of limited extent.(%*)

Aristotle considered astronomy as a science founded on
observation of the celestial phenomena, and on mathematical
calculation.() He describes it as occupied with an essence
which is the object of sensation and is eternal ; and as being
more intimately connected with mathematical science than any
other branch of philosophy. (%)

All men, according to Aristotle, whether Greeks or bar-
barians, have a concepiion of gods ; and all agree in placing the
habitation of the gods in the most elevated region of the uni-
verse. This region is called heaven or wther ; it is imperishable
and immortal ; and is therefore fitted for the residence of im-
mortal natures.(*)

(i4) The treatise De Mundo is properly psendonymous ; it is addressed
to Alexander the Great. Seec. 1: ﬂpi'ﬂiw B¢ m'ym' e kat oot :h.'s'u.:iump OFTL
apiore xrh. The first chapter is adapted by Apuleius, who omits the

edication to Alexander, and inserts an acknowledgment of obligations to
Aristotle and Theophrastus. See below, ch. iv. § 2.

(65) Aristotle, de Ceel. ii. 10, refers to his own freatise on astronomy
as containing a sufficiently full account of the order and distances of the
gtars ; hence, unfortunately, he omits this subjeet in his extant treatise de
Ceelo. Aristotle’s treatises were not divided by himself into books: the
divisions in our manuscripts were made in later times by the grammarians:
a book of Aristotle, according to their division, may be taken as equal to
about twenty or thirty printed octavo pages.

(66) Bud Tis pév dpxas Tas wepi ekaoTov epmewpias éori wapaSoivar. Aé
&' otow Ty doTpokoyikny pév epmepiar Ts doTpodoyuds emoriuns” Apfévrar yap
ikavios Tov awopiver, obrws ebpédnray al dorpokoyicat drodelfeas, Anal. Prior.
1. 30. kaflamep oi pafyparicol T wepi Ty doTpodoyiar Sewriovew, ovrw Sl kai
Tow duakor Ta thavipera TpaTOY ra mepi Ti {wa Jewproravra kai T pépn Ta TEpL
exaorov, émald olrew Aéyew 7o S vf kal Tas alrias, §j ales wes, De Part.

An. 1. 1.

(67) Metaph. xi. 8. _

For a summary of the astronomical opinions of Aristotle, see Biese,
Philosophie des Aristoteles, vol. ii. p. 59—092.

(68) Ceel. 1. 3; ii. 1. Speaking of the mther (which with Plat. Crat.
25, he derives from dei feiv), he remarks thus : fowe 8¢ xai rolivopa mapa rov
dpyaiwy Siadediobar péxpi kal Tou ¥y Xpovou, TotTor To¥ Tpimor UrodapSavdvrwy
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He conceives the heaven to be divine, without beginning or
end ; and for this reason to be endowed with the circular form,
whose nature it is to move perpetually in a circle.(**) This
form is a sphere. The spherical heaven, or universe, is shaped
with greater accuracy than is attainable by the work of any
human hand ;(™) its motion is likewise equable.(™)

In this spherical heaven the celestial bodies are fixed. Their
motion is due to the motion of the spherical orbs to which they
are attached. They are not of a fiery nature, but their light
and heat are produced by their circular motion, and by their
consequent collision with the air.(™)

Aristotle further holds that the form of the heavenly bodies
themselves is spherical. His chief ground for this conclusion
is, that a sphere, which has no instrument fitted for motion, is
the form best snited to hodies which are fixed in a movable
sphere, but have no motion of their own. He adds, that the
shape of the moon, in her several phases, proves that she is
spherical. The crescent-shaped appearance of the sun in an
eclipse likewise proves the sphericity of the moon. But, he

Gvmep kal npets Aéyoper' ob yap dmaf obdé Sis alX dmeipdxis Oet vopilew tis
atras dukveicba Sifas els fpas, 1. 3, § 12. He repeats almost the same
words in Meteor. i. 3.

Lucretins thus explains the reason why heaven is supposed to be the
seat of the gods (v. 1186—91) :—

In eceloque deum sedes et templa locarunt,

Per ecelum volvi guia lux et luna videtur,

Tuna, dies, et nox, et noctis signa serena,
Noctivagmeque faces ceeli, lammaeque volantes,
Nubila, sol, imbres, nix, venti, fulmina, grando,
Et rapidi fremitus, et murmura magna minarum.

The word aifyp is derived from aifw; but the author of the pseud-
Aristotelie treatize de Mundo, e. 2, rejecta this etymology, and derives it
from dei deiv, after Plato and Aristotle.

(6g) dvayrn T6 Bele kimrw diboy imdpyew. émel 8" & olipavds Towotros (cdpa
ydp Tt Oeiov), dii TovTo Exer TO eyxikhior ocapa, O e kiveitar kukhg ael, Coel.
1. 3, 2.

I;j'ﬂ] Coel.ii. 4,13 : Sre pév ol oarpoardns éorv & kdorpos, Snhov €k Tovrwr,
kai omu kar' depiSeiay €vropros oltws dure pnbév pgre yepixunror Exew wapa-
mAparios pyr’ ko pndeév Tav map’ quiv €v oPdalpois Pawoperar.

(71) Cel. ii. 6. (72) Ceel. ii. 7, 8.
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reasons, if one of the heavenly bodies is spherical, the others
must have the same form.(™)

Aristotle accounts for the fact that the fixed stars twinkle,
and not the planets, by the comparative distance of the former,
He supposes that twinkling is an affection of our sight, caused
by the strain of the eye to see so remote an object.(™) He like-
wise argues that the stars have no rotatory motion, from the
fact that the moon always turns the same face to the earth.(™)

With regard to the distances of the heavenly bodies, and
their order in succession from the centre of the universe,
Aristotle refers to the exposition in his separate Treatise on
Astronomy, now no longer extant. He lays it down, however,
that the circular motion of the external sphere of the fixed stars
is the most rapid, that the motion of the spheres nearest to the
centre is the slowest; and that the veloecity of the motions of
the intermediate spheres (each of which has a proper motion
contrary to that of the universe) is in the ratio of their dis-
tances. The latter fact is, he remarks, demonstrated by the
mathematicians. (7%)

A difficulty, however, occurs to him with respect to this
hypothesis. It would be natural, he observes, that the motions
of the bodies nearest the external sphere should be the most
simple ; whereas the motions of some of the planets are more
intricate and complex than the motions of the sun and the
moon, although these planets are further than the sun and
moon from the centre and nearer the sphere of the fixed stars.
As a proof that some of the planets are more distant from the
earth than the sun and moon, Aristotle mentions that he had
himself observed an occultation of Mars by the moon when half
full, the planet immerging under the dark side of the moon,
and emerging at the bright side. With regard to the other
planets, he refers, for a proof of their position beyond the sun
and moon, to ancient observations of the Egyptians and Baby-

(73) Ceel. ii. 11. (74) Ib. 8, § 10.
(75) 1b. § 11. (76) 1b. § 10.
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lonians, which had become known to the Greeks.("") Another
difficulty which he states is, that the external sphere should
contain so many stars as to appear mnumerable, whereas the
other spheres contain only one heavenly body, endued with a
movement peculiar to itself. Of these difficulties Aristotle pro-
pounds the following solutions: As to the first, he lays it down
that the inconsistency arises from the erroneous assumption that
the heavenly bodies are destitute of life. If we assume, as we
ought to assume, that they are endowed, not only with life, but
with will and power of action, the difficulty vanishes. Each
orb accomplishes its circuit according to the best means at its
command. The external sphere, as being the most perfect and
divine, effects its purpose by a simple and uncomposed motion,
The earth, being furthest from the external sphere, has no mo-
tion ; the bodies nearest to it are unable to move with effect ;
the middle bodies overcome the obstacles by their energy, but
only with complex and irregular movements. (") As to the second

ok ﬂ,,.:mmg 8¢ kai mepi -r.-:-l,u: fANOUS mr-mn'r Aeyoverw ol madat 'I‘F'I"!jpl]xm'ﬂ'
€k :'ri'kﬁtr"rmu -enmr Alytimreon kai BaZvhamor, wap' Gv molhas wiores éxoper mepi
epmu'h‘m T uﬂ"'pm:-f, L-ILI ii. 1.-, § B.

For wioreis Buttmann emends muorers, which is evidently the true
reading (Ideler on the Chaldaan astronomy). Aristotle means to say that
the information received by the Greeks from the Egyptians and Baby-
lonians on this Ellhj{!bt was not written, but oral.

Macrob. in Somn. Seip. i. 14 Almd Griecos aster et astron diversa
significant : et aster stella est, astron signum stellis coactum, quod nos
sidus vocamus.

Schol. J'Lm’r ]ﬂl : loréor 8¢ Om mrrr;p [y €oTv b Kat p_r:ww 0Tl xm ol .-mﬂ
l‘l!l‘.lfrl'.ll-" Kl.l"fi'l'ﬂl... ﬂl.l".ll-' KPUI-"-'TS“ ?EUF. Kﬂl- Tﬂ TU"-'(!'I-"T“ ITITTPHI" a* Tﬂ TE EIWI-'FEI"‘J‘P F:ﬂl
kal Th €k TAECTOY AOTEPLY TUTTIMA, oloy Kapkivos, Acww. Rd.'!lil kat kaf” atroy
xweirar. ‘The latter definition adds a eondition which is not in the first.
Moreover, if it be strietly interpreted, neither word could be applied to a
single ﬂw;;-d star, such as Siviug or Areturus. A similar definition ig given
by ‘Galen in anpncr Epid. i. vol. 17, partl p-16, ed. Kiihn. He remarks
that a sm"le star is sometimes cnlled arTpa, but that a constellation is
never called dorip. The distinetion in question may be observed in later
times, but it is unknown to the earlier writers. Aristotle, for example, uses
the two words interchangeably. Achilles Tatius, e. 14, who draws the
game distinction, admits that it was not observed by the carlier writers.
The Latin writers are equally inconsistent as to the distinetion between
stella and sidus, attributed to them by Macrobius. Sidus s sometimes
applied to the planets, and sometimes to the sun and moon.

(78) This explanation of the motion of the planets is not very unlike
the pr]anatmu of the origin of evil, given by Leibnitz in his Théodicée.,
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objection, he thinks that the external sphere, being the first
and most perfect, wonld naturally contain the largest number
of stars; but he adds, that Nature in some degree compensates
the superior number of stars in the outward orb, by giving to
the interior orbs a greater number of motions.(™)

The idea that the stars are living bodies, eminently par-
taking of the divine nature, oceurs elsewhere in the writings of
Aristotle.(*") He supposed this nature to inhere especially in
the bounding sphere of the umniverse, which approached nearest
to the habitation of the Godhead.

§ 5 Aristotle elsewhere expounds the views of some of the
mathematicians, to which he subjoins his own, respecting the
number and agency of the revolving spheres to which the mo-
tion of the heavenly bodies was supposed to be due. He gives
this exposition with some doubt; for he exhorts any of his
readers who may arrive at a different result, either from his
own researches or from those of others, to treat both autho-
rities with respect, but to follow the more aceurate.

He first deseribes the hypothesis of Eudoxus respecting the
eausation of the planetary movements by a plurality of revolving
orbs, to which we have already adverted;(*!) and he proceeds
to mention the modification of that theory made by Callippus.
Callippus was a native of Cyzicus, where he studied with a
certain Polemarchus, a friend of Eudoxus : he went subsequently
to Athens, where he resided with Aristotle, occupied in concert
with that philosopher in correcting and completing the Eudoxean

(79) Ceel. ii. 12.

(80) Thus in Phys. ii. 4, § 6, he points out the inconsistency of those
who hold that animals and plants were created by design, but that the
heaven and the most divine nfpall visible objects originated spontaneously :
T(‘"J' B, !]E"!H'HJ'!IJIJ' L‘ui 'I'l‘{ H-Eu;'ﬁ:':l‘n 'I"I;,IP (f’l'll-'!j]‘[:l# {;";'TI':I 'TI”:' fl:’."r!lﬁﬂifﬂu '}"Ell‘f’ﬂ'ﬂl:", E]q["
where he lays it down that the stars are muech more divine than man. Eth.
Nie.vi. 7, §4: e & o Bedmorov avfpwmos rév dM\wr {wav, oldér Siagheper kal
yiap avlpomov dAa moht Bedrepa Ty iaw, olow T thaveparari ye, €€ by o
rirpos ovvéomeer.  Plato, in the Timaus, § 15, p. 40, calls the stars feoi
aparol. The divine nature of the stars was a prevalent belief of the
ancients.

(81) Above, p. 152,
M 2
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hypothesis. This hypothesis accorded with the opinions of
Aristotle, because it supposed all the heavenly bodies to move
m circles round the earth at the centre of the universe.(™)
Aristotle describes the hypothesis of Callippus as agreeing with
that of Eudoxus in the distances of the spheres, and also in
their number with respect to Jupiter and Saturn. But Callip-
pus gave an additional sphere to each of the other three planets,
and two additional spheres to the sun and moon respectively.
According to the original scheme of Eudoxus, the total number
of spheres was twenty-six ; Callippus increased this number to
thirty-three.

The hypothesis of Callippus was known only from the his-
tory of astronomy by Eudemus, the disciple of Aristotle. Cal-
lippus did not publish it to the world in any writing of his own.
The reason assigned by Eudemus for the two additional spheres
allotted by Callippus to the sun was the anomaly of its annual
movement as shown in the unequal intervals between the sol-
stices and equinoxes, discovered by Euctemon and Meton.(*)
The reason why Callippus allotted an additional sphere to each
of the three planets, Mars, Venus, and Mercury, was succinetly
and perspicuounsly stated by Ludemus; but Simplicius either
omitted the statement, or it has fallen from his text. (™)

The scheme of Aristotle is founded on that of Callippus,
but adds to it a new element. He assumes, with Callippus,
eight spheres for the advancing motions of Saturn and Jupiter,
and twenty-five for those of the other three planets, together
with the sun and moon. IHe then assumes a separate set of
spheres, for effecting the retrograde motions ; these, according
to his principle of calculation (which is to deduct one sphere

(82) Simplie. ib. p. 398, col. b. The first year of the Callippic eycle
was 330 B.c. The lifetime of Callippns may be supposed to have coin-
cided nearly with that of Aristotle (384—322 m.c.). Concerning Callip-
s, see the article in Dr. Smith’s Dict. of Ane. Biogr. Concerning the
allippie eycle, and its seientific character, see above, p. 122,

(83) The date of theze chservations is 432 B.c.

(84) Simplie. ib. p. 500, col. a.
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for each, and to omit the lowest planet altogether), are six for the
two highest planets, and sixteen for the three others, together
with the sun and moon.(*) By adding twenty-two to the
number of Callippus, he makes the total number of spheres
fifty-five.(*)

The spheres of Eundoxus, Callippus, and Aristotle are not
mathematical hypotheses, imagined for the sake of solving a
mechanical problem. As has been already observed, they are
golid though transparent substances, to which the heavenly
bodies are firmly attached. The heavenly body itself is devoid
of all motive principle: its motion is due to the spheres by
which it is borne.

§ 6 Aristotle holds that the heat and light of the sun are

(85) Metaph. xi. 8. The numbers 6 and 16 are obtained by deduecting
from the 8 spheres of the 2 superior planets one sphere for each, and by
making a similar deduction from the 20 spheres of the two intermediate
planets, and of the sun and moon. The following table exhibits the
difference between the schemes of Callippus and Aristotle :—

Callippus. Aristotle,
Moon . . « .« .« O spheres 5  spheres
L R i o4-4
Mercury 5 544
Venus . 5 544
Mars . . 5 544
Jupiter e 443
SRENEN. = b v e e 443
Totals. /. .53 55

Aristotle calls the spheres which give the retrograde motion—contrary
to the motion of the spheres to which they are respectively attached—
odaipac avelirrovoar, from dvelirrw, to unroll or unwinti) ; ‘the reversing or
retracting spheres.’

In Simplic. p. 500, eol. a, 1. 34, ed. Brandis, the sense requires, ¢ 8¢
"Apuwrrorédns pera o loropioar mir Kaklimmov Gofav kal mip alroi wepi Taw
dvehirtovoav emyayer. The theory respecting the additional egaipac avelir-
roverae 18 given by Aristotle as his own, and it i8 8o regarded subsequently
by Simplicius.

(86) Aristotle adds, that if the additional spheres for the sun and moon
are omitted, the total number will be only 47.  On referring to the table in
the previous note, it will be seen that this statement eannot be reconeciled
with it. If the moon has no unwinding spheres, the omitted spheres
would be only 4, and the total number wnul:ltlw 51, instead of 47. Various
attempts to explain this apparent inconsisteney, which puzzled the ancient
astronomers and eommentators, may be seen in Simplic. ib. p. 505 b,
808. The difficulty would not arise if' we eould suppose Aristotle to have
regarded Mercury and not the Moon as the lowest planet.
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the consequences of the velocity of its motion, and that their
influence is great upon the earth, on account of the comparative
proximity of the sun. Ie explains the weakness of this in-
fluence in the case of the fixed stars, by their remoteness,
though their motion is rapid ; and in the case of the moon, by
the slowness of her motion, though she i1s near the earth. (™)

As to the figure of the earth, and its position in the system
of the universe, Aristotle i1s very explicit. He examines and
rejects the opinions of certain prior philosophers; as that of
Thales, that the earth floats on water; that of Anaximenes,
Anaxagoras, and Democritus, that it is supported by the pressure
of air, owing to its flat shape; and that of Xenophanes, that its
foundations are infimitely deep. He reports an argument in
favour of the tenet that the earth has the figure of a tympanum,
or tambourine, or eircular flat drum ; namely, that the section
of the sun, at its rising and setting, is straight, and not cir-
cular, which it would be if the earth were a sphere. He
answers this argument by the distance of the sun and the mag-
mtude of the ecarth’s circumference.(**) He hkewise rejects
the Pythagorean doetrine of the central fire, and of the ten
bodies revolving round it ; as well as the doctrine of the rotation
of the earth upon its axis, which he attributes to the Timaeus
of Plato.(*)

Having disposed of these divergent opinions, Aristotle es-
tablishes the position, that the earth is at rest in the centre of
the universe. IHe infers this partly from the gravitation of all
hodies to the centre of the earth, and partly from other argu-
ments. Thus he remarks that all the heavenly bodies, except
the external sphere of the fixed stars, have several movements,
and are unable to accomplish their eireuit by a simple motion.
Hence he argues, that if the earth revolved in an orbit round
the centre, or if it turned upon its axis at the centre, it would

(87) Meteor. 1. 3.
(88) Ceel. ii. 13.
(89) Ib. 13, §8; 14, § 1.
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have a double movement. But if it had a double movement,
the fixed stars ought to exhibit deviations and turns in their
course ; whereas they always rize and set in the same places.
Another argument is, that the figures devised by the mathema-
ticians for exhibiting the order of the heavenly bodies and
their changes are framed upon the assumption that the earth is
the centre of the system; and they agree with the phenomena.
That the earth is a sphere, he infers from this being the form
which matter gravitating to a centre would naturally assume.
He draws the same inference from the eclipses of the moon :
for the moon in her phases, he remarks, exhibits every variety
of form, being sometimes gibbous, sometimes a half moon, and
sometimes a crescent : whereas in her eclipses the outline of
the shadow 1is always ecircular; and as the eclipse 1s produced
by the interposition of the earth, this result must be owing to
its spherical form. IHe likewise appeals to the phenomena of
the fixed stars as proving, not only that the earth is a sphere,
but that it is a sphere of moderate size ; for, he remarks, with a
small change of distance to the north or south, we have a new
Lorizon, and a change in the stars visible in those directions ;
thus some of the stars which are visible in Egypt and the Island
of Cyprus are invisible in the countries to the north, and some
of the stars which never set in the countries to the north set
further south. Hence he thinks that those who infer the viei-
nity of the western coast of Afriea to India, from the presence
of elephants in both regions, cannot be accused of maintaining
a paradoxical opinion. He adds that the mathematicians who
attempt to calculate the eircumference of the earth, reckon it at
400,000 stadia ; whence we must infer, not only that the earth
1s spherical, but that its size i1s inconsiderable compared with
that of the other heavenly bodies.(*") The system of the uni-
verse adopted by Aristotle is therefore, with some additions,

(go) Ceel. 1i. 14. The immobility of tihe earth is likewise asserted by
Aristotle in Meteor. 1. 9; and in Meteor. 1. 3, he remarks that he has shown
in his astronomical writings, that the earth is much smaller than some of
the stars.
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that which had been promulgated by Eudoxus, which was after-
wards accepted by Euclid, Archimedes, and Hipparchus, and
generally by the Greek mathematicians, and which received its
full development in the comprehensive treatise of Ptolemy. (")
Comets were the objects of much speculation among the
early Greek astronomers ; the opinions of Anaxagoras and De-
mocritus, of the Pythagoreans, and of Hippoerates of Chios,
and of his disciple /[schylus, respecting them are reported and
analysed by Aristotle.(*) Differing in other respects, they
agreed in considering the comets to be planets. Against this
general position, Aristotle argues by saying that the planets are
always confined within the zodiacal band; whereas many
comets have been seen without these limits, and it has often
happened that more than one comet has been visible at the same
time.(*) He points out further, that some of the fixed stars
have been seen with a tail. For this fact, he refers to the ge-
neral report of the Egyptian observers: he adds, however, that
he had himself seen a star in the leg of the constellation Sirius,
with a faint tail. He states that it could scarcely be seen if the
vision was fixed directly upon it, but that it was more visible
if the sight was turned slightly on one side. Against the
theory that comets were a congeries of planets,(") he remarks
that all those which had been seen in his time disappeared

(p1) Cleomedes, i. 8, p. 51, states that the doctrine of the sphericity of
the earth was held by all the mathematicians.

(92) Meteor. i. 6. In the Eudemian Ethies, vii. 14, Aristotle mentions
Hippocrates as a geometer, who was devoid of penetration in worldly
aflairs, and was cheated of a large sum of money, on account of his sim-
plicity, by the colleetors of the 2 per cent. custom duty at Byzantium. Plu-
tarch, Sol. 2, mentions that this Hippocrates was a merchant. He is
alluded to by Aristotle as a geometer in Soph. EL 11. See Fab. Bibl. Gr.
vol. i. p. 848, Harl. Coneerning a Byzantine custom duty in later times,
sce ]."'::Erh. iv. 46, 47.

(93) Pliny notices this opinion, and thinks that Aristotle is mistaken :
Aristoteles tradit et plures simul cerni; nemini compertum alteri, quod
equidem sciam, N. H. ii. 25.

(94) This opinion is also alluded to by Sen. Nat. Quest. vii. 11 : Qui-
busdam antiquorum hae placet ratio: {{uum ex stellis errantibus altera
ge alteri applicuit, confuso in unum duarum lumine, faciem longioris sideris
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without setting, while they were still above the horizon: they
faded away gradually, and left no trace either of one planet or
of several. He adds that the great comet, in the archonship of
Asteius (375 8.0.),(") appeared in the winter, in a clear sky :
on the first day it was not visible, because it set before the sun;
on the second day, it was seen imperfectly, for it set immediately
after the sun in the west ; its brightness extended over a third
part of the sky: it reached as far as the belt of Orion, and
there ceased. Aristotle points out that a concourse of stars
does not constitute a comet. The Egyptian astronomers, he
says, report that conjunctions of planets, both with one an-
other, and with fixed stars, occur. He himself had observed
Jupiter, in the constellation Gemini, on two ocecasions, coming
into conjunction with a star, and occulting it, but without as-
suming the appearance of a tail.(*) Aristotle himself thinks
that comets are in the nature of meteors, and that their range
15 in the region nearest the earth. (")

Avistotle further reports three opinions respecting the Milky
Way ; one, of the Pythagoreans, already mentioned, that the
Milky Way was the result of some great catastrophe in the
heavens caused by the sun ; another, that it was that portion of
the heaven which was in the shadow of the earth as the sun
passed beneath it; and a third, that it was the reflexion of the
sun’s rays in the heaven. His own doctrine concerning the
Milky Way is that it is of the same nature as comets, but more
diffused.(*) The true explanation of the Milky Way had been

reddi. Nec hoe tune tantum evenit, quum stella stellam attizit, sed etiam
quum appropinquavit. Intervallum enim, quod inter duas est, illustratur
ab utrique, inflammaturque, et longum ignem efficit.

(95) Aristotle was in this year eleven years old.

(96) Meteor. i. 6.

g:;p';} Meteor. 1. 7. The opinions respecting comets are thus reported
by Phny : “Sunt t]iui et hee sidera perpetua esse eredant, suoque ambitu
ire, sed non nisi relicta a sole cerni. ."Lf'i.i vero qui nasei humore fortuito,
et ignea vi, ideoque solvi,” N. H. ii. 26.

(98) Meteor. i. 8. These opinions recur in Plut. Plac. iii. 1. The
second opinion reported by Aristotle is attributed to Anaxagoras by
Plutarch. Concerning the Milky Way, see Achill. Tat. ¢. 24, p. 85, who



170 SCIENTIFIC ASTRONOMY FROM [cuAP. 1.

given by Democritus, namely, that it is a congeries of small
stars, close to one another,

§ 7 The doctrine of the immobility of the earth at the
centre of the universe was firmly held by Eundoxus and by
Aristotle. The same doctrine was probably held by Plato,
though a doubt existed in antiquity, as well as at present, re-
specting the interpretation of the passage in the Timaus, to
which we have already adverted. Some philosophers, however,
at this time perceived that the diurnal movement of the sun
and the nocturnal movement of the moon and stars might be
accounted for on the supposition that they were only apparent,
and were produced by the rotation of the earth upon its axis.
The carliest Greek to whom this hypothesis is ascribed is
Hicetas of Syracuse, a Pythagorean.(™) His date is not ex-
actly known; but he was anterior to Theophrastus, and may
be supposed to have heen contemporary with Socrates or
Plato. (%)

Heraclides of Pontus was the friend and associate of Plato,
and is likewise called his disciple.('"") He is also said to have
been among the disciples of Aristotle.('™) His lifetime may be
placed, upon conjecture, from 410 to 340 s.c. His writings
were numerous, and comprehended a great variety of subjects.

refers to the spurious catasterisms of Eratosthenes, . 44, and the collection
of opinions on the subject in Maecrob. Comm. Somn. Scip. i. 15 ; Stob.
Eel. 1. 27 ; Plut. Plac. Phil. iii. i. Above, p. 133.

(99) Hicetas Syracusius, ut ait Theophrastus, ecelum, solem, lunam,
stellas, sUpera denique omnia, stare censet; neque prater terram rem
ullam in mundo moveri ; qua enm cirea axem se summi celeritate conver-
tat et torqueat, eadem eflici omnia, quasi stante terra ccelum moveretur.
Atque hoe etiam Platonem in Timwo dicere quidam arbitrantur, sed paullo
obscurius, Cic. Acad. ii. 39. Diogenes Laertius states that some consider
Philolaus as the originator of the hypothesis, that the earth movesin a eir-
cular orbit, and others, Hicetas, vui. 85. See Boeckh, Kosm. Syst. des
Plat. p. 122, This statement is founded on a eonfusion of a revolution on
an axis with a revolution in an orbit.

(100) Ukert, Geogr. der Griechen u. Rémer, i. 2, p. 119, makes him
contemporary with Eudoxus.

(ro1) Simplicius, ad Aristot. Phys. p. 362, ed. Brandis, calls him a com-
panion of Plato.

(io2) Diog. Laert. v. 86,
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Without being a scientific astronomer, he speculated upon
astronomy; and he promulgated the same doctrine as that
ascribed to Hicetas. He laid it down that the earth turns
round its axis at the centre of the universe, and that the
heaven is at rest.(!®) It is specially mentioned that he did
not give it a movement of translation in space; but only a
movement round its own axis, from west to east.('™) The
same hypothesis is ascribed to Ecphantus the Pythagorean,
who was probably posterior to Heraclides.(') The distinct
statement, in the cases both of Heraclides and Eephantus,
that they conceived the rotatory movement of the earth to be
from west to east, shows them to have perceived that where
one body moves and the other 1s at rest, and the vision is not
corrected by a comparison with a third body, the body at rest
may appear to be in motion.

This truth was clearly understood by Aristotle, and applied
by him to the movement of the heavens. In his Treatise de
Celo, he examines the question, whether the stars have an

{103] €V T n:ew-pm d€ oloar Tiv Y kai kvkhg mwmj.mm-, Tov ¢ olpaviv
npepeir, Hpaxheldys ¢ Hovrios imoléperns, urmgtu- @ero TO (patvipevor, Simplie.
ad Aristot. de Ceel. p. 506. A similar statement recurs in p. 505, 508. In
the Lommmu,ar_} on the PthILs. p- 348, bunplm]u-i BAYS : G0 Kal -r-ulr;e?tﬂmu
TiS, t;b!]crw Hpax?l.nﬁr;t o Huwmur. th-'w OTL KIVOUPEVS Tws TS Y15, ToU
'ﬁ T?-I.“-Hl-" F'ﬂ-"ﬂl-"rﬂf g, al-'l-"{l‘rﬂl- n T"fj."- T'UI" I?;.Llﬂl" (‘-!]-I'H-I-'”FETW] !'ﬂ"l'.l.:lfiﬂhl-ﬂ ﬂ'ﬁg{ﬂ'gﬂi
The latter dictum refers apparently to an Ul:l_]l'l:,.LiClIl that the simple rotation
of the earth does not explain the annual motion of the sun.

The words mapeNiy 7is éAeyer mean, * Some one came forward (in an
assembly) and said ;" as Boeckh has expl:um,d Kosm. Syst. des Platon, p.
137.

Hpnx}lnﬁ‘qg F_ﬂl m..l;-l & Huwuuh ot nlu'rwms‘ Sy a t{KI’.I"I.i'D’TI]i‘+ rm,rrq:rﬂ Exsrw 'n';p
dofay, kwar kukko THY 'fr;u HAarer 8¢ dkimror atre wormew, Proclus
Tim. p. 281 B. Proclus is referring to the supposed doctrine of the rota-
tion of the earth in the Timmus, which he attributes to Heraelides.

{IQ_U ‘Hpaxheidns 6 Moprekis kat I'xtimu'rnf 0 Iluﬂrl}myﬂng Kivouore pew ﬁlrl*
v, ot pny € peraduriis, ah\i r_u-nrnxm;, -r,mxuu Bikge €v dfom orpehopirny
amd duoruay én dvarolds mept TO Doy avTijs kEvTpov, Euseb. Pan Evang. xv.
58. The passage is less correctly given in Plut. Plac. Phil. ni. 13 ; (:alen
¢. 21.

(105) The doetrine of the rotation of the earth in likewise attributed
to Ecphantus in Orig. Ref. Her. p. 19.  mijp 8¢ yijp peoor kdopov xwveirfa
TEPL TO auThs Kévrpor ds wpos avarodnr.  The same doctrine has been erro-
neously aseribed to Cleanthes the Stoie, in consequence of a false reading
in Plut. de fac. in orbe lun. 6. See Ukert, ii. 1, p. 129,



172 SCIENTIFIC ASTRONOMY FROM [cHAP. 11T,

independent motion, or whether they are carried round by the
sphere in which they are fixed. The entire starry heaven (he
remarks) appears to move ; and it is evident either that both
the heaven and the stars must be at rest, or that both must
move, or that one body must move and the other be at rest.
Now it is impossible (he proceeds to say) that both should be
at rest, unless indeed the earth moves; because the appear-
ances would not be explained. If, then, the earth is supposed
to be at rest, it follows that either the heaven and the stars
both move, or that one of the bodies moves and the other is at
rest.('”") It is manifest from these remarks that Aristotle’s
mind was familiar with the hypothesis, that the dinrnal motion
of the stars might be explained by the hypothesis of the rota-
tion of the earth.

The hypothesis of Hicetas, Heraclides, and Eecphantus, was
confined to the rotation of the earth upon its axis, or, what was
equivalent, upon the axis of the universe.('’) The earth was
still supposed by them to retain its central position, round
which the heavenly bodies were carried in their respective
spheres. It had no motion in space ; and hence, as it appears,
we do not hear that any of these philosophers were charged
with impiety. The only hypothesis which up to this time had
given the earth a motion in an orbit, was that of Philolaus.

The Greeks perceived at a remote period that the nocturnal

(106) De Cel. ii. 8. Simplicius on this passage correctly expounds the
reasoning of Aristotle. s elye py kwoiro § 97, omep per’ ohiyoy pév dwo-
Seifer, viv 8¢ dbs Dmifeay EhaBer, dbiwaroy Toi olpavol kai Tav dorpoy [Pawo-
pévor] cofecfu va dawdpera, Schol. Brandis, p. 495. The word gawopérar
appears superfluous.

(roy) This hypothesis is also deseribed by Seneca in the following pas-
sage : he supposes a simple daily rotation o the earth in the centre of the
universe, not a motion of the earth in an orbit: * Illo quoque pertinebit
hoe excussisse, ut sciamus, utrum mundus terri stante circumeat, an mundo
stante terra vertatur. Fuerunt enim qui dicerent, nos esse quos rerum
natura nescientes ferat, nec ceeli motu fieri ortus et oeccasus, ipsos oriri et
occidere. Digna res est contemplatione, ut seiamus in quo rerum statu
gimus ; pigerrimam sortiti an velocissimam sedem ; circa nos Deus omnia,
an nos, agat,’ Nat. Quest. vii. 2. By ipsos is meant ourselves; Lipsius
proposed ipsos nos.
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motion of the heavens appears to be round an axis, of which
only one pole was visible to them, and which, therefore, was
inclined to the plane of the horizon. Homer knew that the
Great Bear never sets in Greece : many ancient writers speak
of the dances of the stars round the pole ;(1%*) and the inclina-
tion of the universe was a familiar idea to the early Greek
philosophers.(**®) The Greeck word wdlog originally signified a
ball or sphere; and hence it was applied to the cavity of
heaven. As the celestial vault was only a hemisphere, the
word was afterwards used to denote the basin of a sundial, and
at an early period it was applied to the central point of the
hemisphere, or the vertex of the axis of the sphere. Even
Endoxus employed the word to denote the star nearest the
north pole: it was not, however, till a later age that its
modern use was fully established.

Achilles Tatius, in his Introduction to the Phenomena of
Aratus, describes the axis of the heaven as terminating in the
centres of the arctic and antarctic eircles of the celestial sphere,
and the heaven as revolving round it in the same manner that
the wheel of a chariot revolves round its axle. He adds that
Aratus does not specify the material of which the cosmiecal axis
is formed ; but that he uses the metaphorical language suited
to a poet, and likens it to a spit. Aratus, however, does not, in
fact, use this inappropriate similitude: for if the axis of the
universe resembled a spit, the earth must be conceived as the
piece of meat traversed by it, and would, therefore, partake of
the rotatory motion of the heaven, which is contrary to the
supposition. Achilles Tatius proceeds to remark, that if the
axis of the universe is supposed to be of fire, it will either
be eonsumed in passing through the sphere of fire, or ex-
tinguished in passing through the sphere of water; if it is
supposed to be of air or water, it will equally be destroyed
by one of the three elemental spheres. The geometers, he

(108) Above, p. 61.
(109) Compare Plut. Plac. Phil. iii. 12.
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adds, conceived it as a mathematical line ; while the physical
philosophers regarded it as spiritual or immaterial. (")

Whatever language may have been used for characterizing
the cosmical axis, it must have been considered hoth by the
philosophers and the vulgar as unsubstantial, and merely as a
metaphysical entity. They were familiar with the idea of a
ball spinning on its axis, and their senses showed them how
this motion was effected.("') They did not suppose that any
solid or visible eylinder protruded from the north pole of the
earth, and was fixed in the north pole of the heavenly sphere.

§ 8 Two of the most eminent diseciples of Aristotle, Theo-
phrastus and Eudemus, composed histories of astronomy. The
work of the former was in six books;("?) of the work of
Eudemus, the second book is cited by Simplicius as eontaining
his account of the spheres of Eudoxus and Callippus.('*®) The
science of astronomy had, therefore, at the end of the fourth
century B.c., made such progress as to admit of its history
being written at length in separate works.

§ 9 The received opinion among the Greek astronomers
and geometers of this period was, that the earth remained at
rest in the centre of the universe, having a motion neither of
rotation nor of translation, and that the several heavenly bodies
—the sun, the moon, the five planets, and the fixed stars—
were carried round it in solid but transparent spheres. The
main ohject of the Greek astronomers was to determine the

(110) Isag. in Phen. c. 28, p. 88. Compare note A at the end of the
chapter.

(111) Aristotle, Ceel. 11. 8, 8, states that xidiois and damos are the two
motions []Jrnpvr to a sphere. By Simowis he means rotation without any
change of place.

(112) Diog. Laert. v. 50.

(r13) Simplie. p. 498.

Eu?lcmua wrote a treatise on Physies, Schol. Aristot. p. 334, 343, 353,
362, 370, 389, 411, and a history of geometry, ib. p. 327. He likewize
composed afiwpara mept rémov jointly with Theophrastus, ib. p. 374, 377, 379.
Theophrastus and ]éudcmus are mentioned together as companions of
Aristotle, ib. p. 394. There was a life of Eudemus by Damasus, ib. p. 404.
Concerning Eudemus and his writings, see Brandis, Uebersicht iiber das
Aristotelische Lehrgebiiude, p. 215—250; Martin, Theo Smyrnsus, p. 60.
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relation of the sun’s annual course to the nocturnal motion of
the fixed stars. This determination had a double object. It
served the purpose of a calendar, by dating the annual periods
of the rising and setting of the most conspicuous constellations :
it served the purpose of a mnocturnal clock, which was of
essential use when the sundial was the principal instrument
used for measuring hours,

Socrates advised his friends to learn astronomy for prac-
tical purposes, and in order to furnish them with a measure of
time at night.('#)

Plato lays it down, with respect to astronomy, that a know-
ledze of the times of the year and month is useful not only for
agriculture and navigation, but also for military command. (')

Polybius likewise points out at length the utility of
astronomical knowledge to a military commander, by means of
which he will know the times of the equinoxes and solstices,
and the inerecase or diminution of the day during the interven-
ing periods. He can likewise tell the hour of the day by the
sun’s shadow; and the hour of the night by the rising and
setting of the zodiacal constellations, and in cloudy nights by
the moon. (1¢)

The importance of a direct reference to the heavenly hodies,
as the measures of time among the Greeks, was owing to their
want of two appliances which have become so familiar to us
from long habit, that it requires a vigorous effort of the imagi-
nation to conceive the state of things implied in their absence.
These two appliances are almanacs and clocks. For the forma-
tion of an almanae, an advanced knowledge of astronomy is
requisite ; but that knowledge is possessed by the makers of

(114) olxkoby kat émedy) 6 pév fhios porewds by vds re Hpas Tis Nuépas Huiv

xat TiaAha mivra cafmyife, n 66 wf 8 7O okoren elvar doagerrépa ariv,

Er;rfpﬁ £V T."i' pUKTL i’.;l-"t"flfJ-l']‘I-'{'lb", i rf; v g JJ"HIS' 'ni;' wx_'r:‘:g E‘F¢n’!!?1'{t'l - _A:ﬂ:'i fur TavTo

worda &y dedpefa mparroper. Words of Socrates in Xen. Mem. iv. 3, 4.
(r15) De Rep. vii. 9, p. 527.

(116) ix. 15, 16. Euriﬁidfs deseribes the military night-watches as
determined by the stars, Rhes. 527.
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almanacs in all civilized countries; their methods are similar,
and their results exactly coincide. The conventional divisions
of time—such as months and hours, and the beginning of the
year—are likewise the same for all Christian countries of the
Western Church, and nearly the same for all Christendom. As
an almanac is complete and unerring, it forms a universally re-
cognised guide, and nobody thinks of going to the source from
which it is derived. It is founded upon astronomical measure-
ments; but those measurements having once been made, are
blindly, though safely, followed in practice. In Greece,in the
fourth century n.c., every person had to provide his own
almanac: he collected the materials for it from various indica-
tions, partly natural, and partly civil or religious ; his work was
often done on the spur of the occasion, and therefore inaccu-
rately or imperfectly.("'7) The mechanism adopted by the Greeks
for determining the time of day or night was still more defec-
tive and inconvenient than their measures of annual time. Hero-
dotus informs us that the Greeks derived the sundial (consist-
ing of a hollow hemisphere and a gnomon or style), and the
twelve parts of the day, from the Babylonians.('®) The reports
of the ancients as to the origin of inventions are often fabulous,
and, when not manifestly fictitious, are generally liable to well-
grounded suspicion. This statement is, however, rendered
probable by many circumstances, which Prof. Boeckh has col-
lected in his Meteorological Treatise, and particularly by the
relation of the Greek weights to the Babylomian. It is proved
by satisfactory evidence that the Greek talent and mina are

(r17) For specimens of almanacs in the later Roman period, the conse-
quence of a fixed calendar, see Grev. Thes. Ant. Rom. vol. viii.

(118) mohow kai yvdpova kai Ta Suddexa pépea Tis nuepns mapa BaBvkeviow
Zuabloy oi "EXhqres, 1i. 109. Boeckh thinks that the sundial passed to
él:eccc from Babylon through Phenicia.

The primitive sundial of the Greeks, aseribed to Berosus, is deseribed
by Delambre, Hist. Astr. Ane. vol. ii. p. 510. Two things are, however, cer-
tain :—1. That the primitive Greek sundial was not confined to the cabinets
of the curious; 2. That the shadow was cast by a gnomon, not by a sus-
pended globule.
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weights of Babylonian origin, and that the latter word was bor-
rowed from the Chaldwxan language.("?) By the twelve parts of
the day must be meant twelve portions of the day, as distin-
guished from the night, which could be measured by the sun-
dial. The Greeks of later times, as we shall show presently,
had a double mode of reckoning the hours of the day. Accord-
ing to the popular method, they divided the period from sun-
rise to sunset into twelve equal parts. The hours reckoned
upon this principle varied in length with the season. Acecord-
ing to the more scientific method, the day and night at the
equinox were severally divided into twelve equal parts, and each
of these was reckoned as an hour. The division of the day into
twelve parts, which Herodotus describes the Greeks as having
derived from the Babylonians, together with the sundial, was
doubtless reckoned according to the former method.

The introduction of the use of the gnomon and dial into
Greece, as well as of an instrument for measuring hours, is
attributed to Anaximander by Diogenes Laertius, on the autho-
rity of the Miscellaneous History of Favorinus.(™) Pliny
makes a similar statement with respect to Anaximenes.(**!) The
obvious interpretation of these statements is, that the sundial
was the invention of Anaximander or Anaximenes, and that one
of these two philosophers taught the use of it to the Greeks, If
they are to be regarded as historical, they cannot be fairly re-

(119) Boeckh, Metrologische Untersuchungen (Berlin, 1838), p. 32—42.
Ahaz, eleventh king of Juda, whose sundial 15 mentioned in 2 Kings xx.
8—11, Isaiah xxxviii. 8, is stated to have reigned from 740 to 721 B.c.
His reign corresponds with the period of the earliest Greek colonies in
Sicily. Compare Winer, Bibl. R. W, in Hiskias.

(120) elpe 8¢ kal yrapova wportos kal €oTnoey éxi Tav orwlipoy €v Aaxe-
daipor, kafd Pnoe PaBwpives év Havrodamy “loropig, Tpomds Te kal lonuepias
gnuaivorra, kai @porkdmia karerkevace, il. 1.  Favorinus lived in the time of
Hadrian : his testimony on such a question can only be regarded on the
ss.lnr:l[}tiﬂn that he copied his authorities correetly. The statement is re-
peated by Euseb. Prep. Evang. x. 14, and by Suidas in "Avafipardpos,
yudpwy, and ghworpémor.  See above, p. 92.

(1z1) Umbrarum hane rationem et quam voeant gnomonicen invenit
Anaximenes Milesius, Anaximandri (de quo diximus) discipulus; primus-
que horologium, quod appellant sciothericon, Lacedwmone ostendit, N. H.
i 76.

N
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conciled with the statement of Herodotus. The use of the word
wpa, or howr, for the twelfth part of the illuminated day, was
posterior to the age of Alexander ;(***) but it can hardly be sup-
posed, with Salmasius, that the sundial and gnomon, when first
introduced into Greece, were used merely for determining the
equinoxes and solstices, and not for measuring the parts of a
day.() In the time of Aristophanes, and even in that of
Menander, the common mode of denoting the time of day at
Athens was by the length of the shadow of the gnomon. A
person was invited to dinner by asking him to come when the
shadow of the gnomon was so many feet long. This mode of
measuring time supposes either that reference was made to some
common gnomon, or to a gnomon of recognised length. (1*%)
According to the statement of Philcchorus, Meton, the cele-
brated astronomer, set up a sundial against the wall of the

(r2z) See Ideler, Chron. vol. i. p. 238.

(122) See Salmas. Plin. Exere. (1689), p. 445, sq.; Menage, ad Diog.
Laert. 11. 1. Pliny says that the * gentium consensus tacitus’ extended to
three main points: 1. The use of the Ionic alphabet. 2. Shaving the
beard. 3. The use of hours, N. H. vii. 58—60. Compare Casaubon, ad
Athen. 1. 1.

(124) A. 7w yqp 8¢ 7is €0l & yewpynowr.—B. of Sothot. ol 8¢ pelijoe

, r " - - + -
drav f) Sexdmovr TO oToryeior, Murapés ywpeiv el detmror.

Aristoph. Ecel. 651, 2, where the Scholiast says: f rot filiov oxia Grav Jj
déxa woddw. =
wihos TOD €TV €iTa TOOTHY HALOS TETpamTal ;

Aristopl. Gerytad. fragm. 210, Dindorf, where mdlos signifies a sundial ;
and the question is, What is the time of day?

Menander, Org. 2 (Fragm. Com. Gr. vol. iv. 179, Meineke) tells aludi-
erong story of a man who being invited to supper at the time when the
sun's shadow was twelve feet long—that is, apparently, when it was of
great length, and therefore late in the afternoon—mistook the shadow of
the moon for that of the sun, and thinking he was after his time, arrived
at daybreak. See the Commentary of Casaubon on Athenseus, hb. vi.
¢. 10, and Salmasius, ib. p. 455.

The passage of Eubulus, Fragm, Com. Gr. vol. iii. p. 261 (a contem-
porary of Demosthenes, see Meineke, ib. vol. i. p. 355), is so mutilated
that it is in part unintelligible ; but its general meaning is, that a person
invited to supper when the shadow of the gnomon was twenty feet long,
came early in the morning, making excuses for his pretended lateness.

Plutarch, De IDiserim. Adul. et Amiei, e. 4, speaks of a parasite as
measuring the length of the shadow, in order to ascertain the dinner-hour.
Where see Wyttenbach's note.
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Pnyx at Athens, in the year 433 B.c.(**®) There was a similar
dial at Achradina, near Syracuse, in the time of Archimedes, a
copy of which was placed on the deck of the great ship of
Hiero. (1)

The sundials of the ancients were of various construction ;
but they must all have been contrivances for measuring the
length and direction of the shadow of the sun during the day.
The common Greek dial seems to have consisted of a gnomon
or style, and a hollow basin (called wéXoc, or exapior),(**) on
which the hours were marked by their numbers up to twelve.
Hence the ingenious Greek epigram :—

€& bpar piybows ikavararar ai 6é per’ alras
ypdppare Sepiperar ZHOT héyovar Bporois.(9)

A Jorologinm, or sundial, for determining the hour of the
day, is mentioned in a fragment of the comic poet Baton, who
lived about the beginning of the third century B.c.(**")

The day was divided by the Greeks into twelve equal parts
or hours ; but the day, or period of time divided, varied with
the season. The instrument of division was the sundial, and
the interval between sunrise and sunset, whatever might be its
length, was divided into twelve equal parts. Hence it followed that
the length of the hour varied with the time of year ; it was longer
in summer and shorter in winter. These were the hours which

(125) & 8¢ dddyopos €v Kohwred pcr avror ovder Beirar Neyer, emt "Adreilfovs
8¢ rov mpd Ivfodwpov Nhiorpdmior €v 3 vuv olay exkhnaig, Tpos To Telxet TO €V
7 ki, Schol. Aristoph. Av. 997; Frag. Hist. Gr. vol. i. p. 400.
Compare Ideler, Chron. vol. i. p. 326. If this date, and the date of Dio-
dorus for the cycle of Meton are both correet, the sundial was prior to the
eyele by one year.

(126) kard S Ty dpochny mikov €k ToU kard Ty "Axpadimy dropeppnuévoy
fhorpomiov, Athen. v. p. 207 E.

(127) See note C at the end of the chapter,

(128) Anth. Pal. x. 43.

(129) Fragm. Com. Gr. ed. Meineke, vol. iv. p. 499, He was contem-
porary with Arcesilaus and Cleanthes, ib. vol. i. {: 480. It appears to me
that this passage is misinterpreted by Meineke. The poet means to
gay that the person addressed carries round his oil-cruse, and serutinizes
it clos:ly as if it were a sundial. He does not mean to imply either that
a sundial is portable, or that it resembles an oil-cruse.

N 2
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were in common use. Thus Achilles Tatius remarks, that in
the latitude of Greece the day consists of fifteen hours at the
summer solstice, and of nine hours at the winter solstice; but
that in the mechanical contrivances for measuring time, the
day always consists of twelve hours.('®) The hours, which were
exactly a twenty-fourth part of a day and night, were called
equinoctial hours, because an equinoctial day contained exactly
twelve hours. (1°1)

Palladius, in his treatise on agriculture, written in the fourth
century after Christ, arranges his work according to the Julian
months, and annexes to each a table for finding the hour of the
day by the length of the shadow of the gnomon. e divides
the interval between sunrise and sunset into twelve equal hours,
and states the length of the shadow for the end of each hour;
so that he only enumerates eleven hours, the end of the twelfth
hour being marked by sunset.

The following tables for June and December will illustrate
the method of measuring the time of day by variable, or, as they
were called, Zemporal, hours :—

Length of the shadow of the gnomon in feet.

Hours reckoned Tania: December,
from sunrise.

| L B R s ok i e |kl

2 PN S ML L A R
51 - 3 L S D P
4 : : 3 - 2
3 3 . 10
6 . 2 o

(130) émire v Tols pnyavikois Gpoloyelos kai Vipodoyeines del ) fuépa Bud-
dexa @pav paiverar, ¢. 25, p. 87.

(131) Concerning the ancient division of hours, see Aldus, in Schneider,
Seript. Rei Rust. vol. iii. 2, p. 65; Delambre, Hist. Astr. Ane. tom. ii.
p. 511; and ldeler, Chron. vol. i. p. 86. It is stated in Stuart’s Antiq. of
Athens, vol. i. p. 20, in reference to the dials on the Tower of the Winds
at Athens, that * not only the hours of the day, but the solstices also, and
the equinoxes, are projected on these dials; and that the longest as well
as the shortest days are divided alike into twelve hours." The division of
the day into twenty-four hours is mentioned by Hipparchus ad Phen. i. 1,

p. 98,
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Length of the shadow of the gnomon  fret.
Hours reckoned

from sunrise. June. December.
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Noon always corresponded with the end of the sixth hour, when
the sun was on the meridian, and the shadow of the gnomon
was the shortest. The length of the gnomon is not stated. ()
The division of the day into hours at Rome was subsequent
to 450 B.c., the date of the Twelve Tables, in which the only
parts of the day mentioned were noon, sunrise, and sunset.('%)
Up to the First Punic War, 264 B.c., it was the custom for the
attendant of the consul to call the time of noon, when he saw
the sun from the senate-house between the Rostra and the Grae-
costasis ; and to call the last hour, or sunset,(**) when he saw
the shadow of the Columna Menia touch the Carcer.('**) It was
reported by Fabius Vestalis,(**®) that the first sundial was
erected at Rome by L. Papirius Cursor, in the temple of Qui-

.

(132) Vitruvius, ix. 7, states that at Rome the gnomon was divided
into nine parts or degrees, and that its shadow on the equinox was eight
of those parts.

(133) Concerning the introduction of sundialz into Rome, see Plin.
N. H. vii. 60; Censorin. c. 23; Gell. N. A, xvii.2. Compare Ernesti, De
Solariis, Opuscula Philologiea, p. 21; Ideler, Chron. vol. ii. p. 7. Censo-
rinus says: In horas duodecim divisum esse diem, noctemque in totidem,
vulgo notum est. Sed hoe ecredo Rome post reperta solaria observatum.

(134) Suprema summum diei, id a superrimo. Hoe tempus xii Tabule
dicunt occasum esse solis; sed postea lex Pletoria id quoque tempus jubet
€sse supremum quo preco in comitio supremam pronuntiavit populo.
Varro, de L. L. vi. § 5, ed. Miiller. The enactment i the Twelve Tables
was: ‘ Sol oceasus suprema tempestas esto.” Censorin. c. 24; Dirksen,
Zwilf-Tafel-Fragmente, p. 180. The Roman senate probably used no
artificial light, and did not sit after sunset.

(135) The rostra are stated to have received this appellation in 338 s.c.,
from the beaks of ships taken at Antium in that year. The Columna
Menia was also erected in the same year.

(136) This writer is mentioned only by Pliny. He probably lived
about the end of the Republie. The sister of Terentia, the wife of Cicero,
was named Fabia, and she was a vestal virgin. Sallust, Cat. 15; Oros.
vi. 3; Plut. Cat. Min. 19,
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rinus, twelve years before the war with Pyrrhus, when he de-
dicated that temple in fulfilment of a vow made by his father;
but this statement is considered by Pliny as insufficiently authen-
ticated. The year indicated is 293 B.c.(**”) According to
Varro, the earliest public sundial at Rome was that brought from
Sicily by the Consul Manius Valerius Messala, after the capture
of Catana,(™®) in the First Punic War, 263 B.c., and placed on
a pillar near the Rostra. This dial, having been arranged for
the latitude of Sicily, did not show the hours accurately for
Rome ; nevertheless, it remained in use for ninety-nine years.
In the year 164 5.c., Q. Marcius Philippus included, among the
works of his censorship, a new and accurate sundial in the
Forum. (**) Plautus, who began to write comedies about 224 B.c.,
introduces a slave as complaining of the novel introduction of
sundials and hours, which makes him dependent for his meals
upon the sun; whereas, when he was a boy, he used to eat when
he was hungry.("%) It has been supposed that this passage was
translated by Plantus from the Greek original of the comedy in
which it occurred ; but it appears to refer to the recent intro-
duction of sundials at Rome. (1)

A clepsydra, or contrivance for measuring time by allowing
water to escape through the orifice of a vessel—similar to a mo-
dern hour-glass—was known at Athens in the time of Aristo-
phanes. It was used for regulating the time allowed for speeches
of accused persons before the courts of justice.(!*) The sun-
dial had two great defects as a measure of hours: it was un-

(137) The temple of Quirinus was probably vowed by L. Papirius
Cursor, the father, after his great victory over the Samnites, in 309 B.C.

(138) It appears that Catana submitted to the Romans at this time, and
was received as an ally, but that it was not besieged and taken. See
Eutrop. ii. 10.

(139) It was noted that the earbunculus, or ruby, was first brought to
Ttaly in this year. Plin. N. H. xxvi. 4.

(140) Ap. Gell. N, A. iii. 3.
(141) See Salmas. Plin. Exere, p. 458.
(142) Acharn. 692; Vesp. 93.
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serviceable during cloudy weather,(**) and also during the
night. Hence Plato is reported to have made an instrument
like a clepsydra of great magnitude, for measuring time at
night.(**) Scipio Nasica, while censor in 159 p.c., erected a
water-clock at Rome, under a shed, in a public place. This
water-clock acquired the name of Solarinm, or sun-dial, from
the habit of measuring hours by the sun.('*) The improved
sundial of Philippus had been set up only five years previously.
Ctesibius, a eelebrated mechanician of Alexandria, constructed a
complicated water-clock in that city, about 140 ».c.(1)

The rarity of sundials, the difficulty of using them, and
their failure during the night and in cloudy weather, gave rise
to the employment of slaves among the Greeks and Romans,
whose duty it was to announce the hour.(17)

§ 10 With such imperfect contrivances for determining
the seasons of the year and the hours of the night, it was natural
that the scientific astronomy of the Greeks should be at first
directed principally to an observation of the movements of the
fixed stars, and of the revolution of the starry sphere. Such, as
we have already seen, was the object of the astronomical trea-

(143) The epigram of Antiphilus, in Anth. Pal. vii. G641, speaks of a
public water-clock, with twelve divisions, the object of which was to indi-
cate the time of day when the sun was obscured by clouds. Antiphilus
lived under the reign of the Emperor Nero.

(144) Méyerae 8¢ IMarova ppdr Tiva €vvowar Sotvar ToU €murkevdoparos
m:rt-—e;.rua:‘w munrarra bpokdyor €ods T¢ Lipavhikg, ooy khefudpar peyalny
Mav. Athen. iv. p. 174 c.

(145) Plin. vii. 60; Censorin. e. 23. Cicero, de N. D. ii. 34, opposes a
golarium deseriptum, a sundial, to one ex aqui, a water-clock, for mea-
suring hours.

(146) Vitruv, ix. 9; Plin. vii. 37. Compare Ideler, Chron. vol. i.
p. 230. A cleFaydr:l i3 deseribed by Simplicius, Schol. Aristot. p. 380.
The division of a water-clock into twelve hours is mentioned in an epigram
of Paulus Silentiarius, Anth. Pal. ix. 782. Paulus Silentiarius hived in
the time of Justinian I. Concerning water-clocks, lmth_ ancient and mo-
dern, see Beckmann’s Hist. of Inventions, vol. i. p. 135, Eng. tr.

(147) meprpea, § wapayyéXhovoa Ty Hpav Tais kexrquevars, Hesychius,
Photius, and Suidas. The etymology of the word is not apparent. The
glave who announced the hour 1s mentioned by Juv. x. 216, Martial, vii.
G7. Artaxerxes 18 described by Josephus, Aunt. xi. 6, § 10, as mquiring
the hour of the night from the officer whose duty it was to observe the
time,
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tises of Eudoxus; and such likewise is the object of those of
Autolyeuns and Euelid, the earliest Greek writings now extant
in which Astronomy is treated geometrically.

Autolycus the mathematician, of Pitana, in Aolis, was a
fellow-citizen of Arcesilans the philosopher. Before the latter
removed to Athens, he was a disciple of Autolycus, and tra-
velled with him to Sardis.(1%) As the lifetime of Arcesilaus
extended from 316 to 241 B.c., Autolycus may be supposed to
have flourished about 320—300 B.c.(*)

Two astronomical treatises of Autolyeuns are extant, but they
have never been printed completely in the original Greek ; and
the incomplete edition of the Greek text which exists is so rare
that it can with diffieulty be consulted.(™") No copy of it exists
in the library of the British Museum. One is entitled Ilepi
Kwovpévye Zgaipac,  Upon the Sphere in Motion ;* the other
is entitled [epi 'Emrod v kai Adeewr, * On the Risings and Set-
tings of the Stars.” The former consists of twelve, the latter
of eighteen propositions.

The treatise on the Movement of the Sphere is intended to
illustrate the rotatory motion of the celestial globe. It assumes
that the earth is at the centre, and it explains the apparent
motion of the starry heaven upon this hypothesis. Delambre
(who, in his History of Ancient Astronomy, has given a copious
analysis of the two treatises of Autolycus) (**') makes the follow-
ing remarks on the former :—* Out of the twelve propositions (he
says), nine are fundamental, and have retained their place in all
the elementary books of astronomy; they are always implied
when they are not stated formally. They are propositions of
pure geometry, and must have been conceived by all who sup-

(148) Diog. Laert. iv. § 20, Bailly, Hist. Astr. Anec. p. 465, confounds
Molis with the Lipari Islands.

(149) Clinton, F. H. vol. ii. ad ann. 299, and p. 307.
(150) The Greek text of the propositions of the two treatises of Auto-
]I})'c'us, without the demonstrations, 1s printed in Dasypodius, Sphericse
octrine Propositiones, Argentor, 1572. A Latin translation, with notes,
was published at llome in 1588,

(r31) Vol. 1. p. 19—48,
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posed the spherical movement of the heaven; but they cannot
have been reduced into a systematic form when Autolycus com-
posed this little treatise. His work is a monument of the appli-
cation of geometry to astronomy, but it is only a first step; it
contains no trace of spherical trigonometry.’ (%)

The treatise on the Risings and Settings of the Stars relates
to their true and apparent risings and settings. The apparent
or heliacal risings and settings are alone the subjects of observa-
tion by the naked eye.(*®) The theorems are confined to the
fixed stars; and there is a particular reference to the twelve
parts of the zodiac, as denoted by constellations. The following
are the most important propositions which he lays down on this
subject :—

1. The zodiacal sign occupied by the sun neither rises nor
sets, but is either concealed by the earth or lost in the sun’s
rays. The opposite sign neither rises nor sets, but it is visible
during the whole night.

2. Of the twelve signs of the zodiac, that which precedes the
sign occupied by the sun rises visibly in the morning; that
which succeeds the same sign sets visibly in the evening,

3. Eleven signs of the zodiac are seen every might. Six
signs are visible, and the five others, not occupied by the sun,
afterwards rise.

4. Every star has an interval of five months between its
morning and its evening rising, during which time it is visible.
It has an interval of at least thirty days between its evening

(1532) Hist. d’Astr. Ane. vol. i. p. 21. Philoponus, on Aristotle’s
Physics, remarks that Autolyeus has treated the motion of the sphere ina
less purely geometrical method than Theodosius, and more according to
physical methods. Schol. Aristot. p. 348, ed. Brandis. Theodosius was
a mathematician later than the reign of Trajan.

(153) “Ces deux espices de levers et de couchers sont les seules qu'on
pit réellement observer ; ces observations faciles que ne supposent qu'un
rﬁ‘-‘u d’attention, de bons yeux et un horizon libre, ont fait longtems toute
‘agtronomie des anciens, et la matidre de leurs calendriers; ces levers et
ces eouchers ont réglé l'ordre des travaux agricoles et des tems propres a
la navigation.” Delambre, ib. p. 23.
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setting and its morning rising, during which time it is invi-
sible.

Aratus states, in his astronomical poem, that half the zodiac
is visible, and that six signs set every night; in which number
he seems to include the sign occupied by the sun. This state-
ment was doubtless copied from Eudoxus. (')

Autolycus makes no mention of the planets in this treatise.
Their irregular movements rendered them unsuited to the
practical object which he had in view. Autolyeus is, however,
stated by Simplicius to have proposed some hypotheses, similar
to those of Eudoxus, for explaining the anomalous motions of
the planets, and to have failed in his attempt. (')

§ 11 A treatise of the same character, and probably com-
posed nearly at the same time, though belonging to a more
advanced period of astronomical science, is that of the celebrated
geometer Euclid, entitled ®awdusva, or ‘The Appearances of
the Heavens,” a title similar to that of the astronomical treatise
of Eundoxus, as well as of the astronomical poem of Aratus,
According to Proclus, he lived in the time of the First Ptolemy,
S23—283 B.c.(15F)

The Phenomena of Euelid consist of eighteen theorems, with
their demonstrations, some of which are long and intricate. (')
A brief account of the treatise, in which the theorems are ex-
tracted, is given by Delambre ;(}**) but as the treatise is little
known, even to professed students of antiquity, and as the
Introduction to it contains a summary of Euclid’s astronomical
system, expounded with the precision and perspicuity charac-

(154) Arat. 550—68. Compare Schaubach, Gesch. der Astron. p. 334

» Who points out the importance of the doetrine of the risings and set-
tings of stars to the Greeks, even to those who were not professed astrono-
mers. Without them, he remarks, neither the season of the year nor the
hour of the night could be properly determined.

(155) Schol. Aristot. p. 502 b, Brandis.

(156) Clinton, ad ann. 306.

(157) P.557—597, ed. Gregor. Oxon. 1703. The treatise consists of
40 fohio pages, half of which iz occupied with the Latin translation.

(r58) Hist. d’Astr. Ane. vol. i. p. 51—58.
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teristic of the great geometer, I extract the substance of the
latter, which will exhibit the most finished specimen of Greek
astronomical science about the year 300 B.c.

The fixed stars rise at the same point, and set at the same point; the
same stars always rise together, and set together; and in their course from
the east to the west they always preserve the same distances from one
another. Now, as these appearances are only consistent with a ecircular
movement, when the eye of the observer is equally distant from the cir-
cumference of the circle in every direction (as has been demonstrated in
the treatise on Opties), it follows that the stars move in a circle, and are
attached to a single body, and that the vision is equally distant from the
circumference.

A star is visible between the Bears, not changing its place, but always
revolving upon itself. Since this star appears to be equally distant from
every part of the circumference of each circle described by the other stars,
it must be assumed that all the cireles are parallel, so that all the fixed stars
move along parallel circles, having this star as their common pole.

Some of these neither rise nor set, on account of their moving in
elevated circles, which are ealled the “always visible.” They are the stars
which extend from the visible pole to the Aretie eirele. Those which are
nearest the pole describe the smallest eirele, and those upon the Arctic circle
the largest. The latter appear to graze the horizon.

The stars to the south of this eirele all rise and set, on account of their
eircles being partly above and partly below the earth. The segments above
the earth are large, and the segments below the earth are small, in propor-
tion as they approach the Arctic circle, (**) beeause the motion of the stars
nearest this cirele above the earth is made in the longest time, and of those
below the earth in the shortest. In proportion as the stars recede from
this cirele, their motion above the earth is made in less time, and that below
the earth in greater. Those that are nearest the south are the least time
above the earth, and the longest below it.

The stars which are upon the middle cirele make their times above and
below the earth equal ; whenee this circle is called the Equinoctial. Those
which are upon circles equally distant from the equinoctial, make the
alternate segments in equal terms. For example, those above the earth to
the north correspond with those below the earth to the south; and those
above the earth to the south correspond with those below the carth to the
north. The joint times of all the eircles, above and below the earth, are
equal. The circle of the Milky Way and the zodiaeal circle being obligue
to the parallel cireles, and cutting each other, always have a semicircle
above the earth.

(1 i}} In p. 860, 1. 9 'ruw de Tmeép '_u'r;s‘ TUNpATOY €RATTOU alToy poivoy
chaiverar, the sense requires péyeeror for pdvor.
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Hence it follows that the heaven is spherical. For if it were cylindrical
or conieal, the stars upon the oblique cireles, which cut the equator, would
not in the revolution of the heaven always appear to be divided into semi-
circles ; but the visible segment would sometimes be greater, and sometimes
less than a semieircle. For if a eone or a cylinder were cut by a plane not
parallel to the base, the section is that of an acute-angled cone, which re-
sembles a shield (an ellipse). It is, therefore, evident that if a figure of
this description is cut in the middle both in length and breadth, its seg-
ments will be unequal : and, likewise, that if it be cut in the middle by
obligue sections, the segments will be unequal. But the appearances of the
heaven agree with none of these results. Therefore the heaven must be
supposed to be spherical, and to revolve equally round an axis of which
one pole above the earth is visible, and the other below the earth is
invisible.

The horizon is the plane reaching from our station to the heaven, and
bounding the hemisphere visible above the earth. It is a circle; for if a
gphere be cut by a plane, the section is a eirele.

The meridian is a circle passing through the poles of the sphere, and at
right angles to the horizon,

The tropics are cireles which touch the zodiacal circle, and have the
same poles as the spliere.

The zodiacal and the equinoctial are both great cireles, for they bisect
one another, For the beginning of Aries and the beginning of the Claws
(or Libra) are upon the same diameter; and when they are both upon the
equinoctial, they rise and set in conjunction, having between their begin-
nings six of the twelve signs, and two semicircles of the equinoctial ; in-
asmuch as each beginning, being upon the equinoetial, performs its move-
ment above and below the earth inequal times. If asphere revelve equally
round its axis, all the points on its surface pass through similar ares of the
parallel circles in equal times. Therefore these signs pass through equal
arcs of the equinoetial, one above and the other below the earth. Conse-
quently the arcs are equal, and each is a semicircle: for the cireuit from
east to east and from west to west is an entire cirele. Consequently the
zodiacal and equinoctial eircles bisect one another. Dut if in a sphere two
circles bisect one another, each will be a great circle. Therefore the
zodiacal and equinoetial are great cireles.

The horizon is likewize a great circle; for it bisects the zodiacal and
equinoctial, both great circles. For it always has six of the twelve signs
above the earth, as well as a semicircle of the equator. The stars above
the horizon which rise and set together reappear in equal times, some
moving from east to west, and some from west to east.

These propositions imply a completely geocentrie system,
in which the earth is at rest, and the starry sphere revolves
round it every twenty-four hours. Accordingly, Euclid’s first
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theorem is, that ¢ the earthis in the middle of the universe, and
stands to it in the relation of centre.’

Galen remarks that Euelid, in his Treatise on Phe®nomena,
demonstrates in a few sentences, that the earth 1is at the centre
of the universe, and that its relation to the universe is that of a
central point ; he adds, that learners are as much convinced of
the conclusiveness of the demonstration, as that twice two
make four.(*™)

§ 12 Although the geocentric theory always retained a firm
ground in the general belief of the Greek astronomers and
geometers, still certain rival hypotheses, dissenting from the
received system of the universe, were from time to time promul-
gated. We have already seen that a wild and fanciful scheme
was devised by Philolans the Pythagorean, according to which
the earth, together with the sun, the moon, and the other
heavenly bodies, revolved in circular orbits round the central
fire. Hicetas, a Pythagorean philosopher, (who probably was
nearly contemporary with Philolaus,) and Heraclides of Pontus,
retaining the geocentric system, ventured nevertheless to set
the earth in motion. They supposed it, preserving its place in
the centre of the universe, to revolve on its axis from west to
east; and by this hypothesis they accounted, on scientific
grounds, for the diurnal motions of the sun and fixed stars.
Aristotle ‘and others of the ancients likewise supposed Plato
to have given a rotatory motion to the earth in the Timzus.
In the first half of the third century s.c., about one generation
after Euclid, Aristarchus of Samos proposed a theory of the
world exactly similar to the Copernican. His date is fixed by the
testimony of Ptolemy, who states him to have observed the
summer solstice of the year 250 s.c.(®') He was likewise, as
we shall see presently, contemporary with Cleanthes, who suc-
ceeded to the primaey of the Stoical School in 2061 g.c. (') His

(160) De Hippoerat. et Plat. Plac. viii. 1. vol. v. p. 654, ed. Kiihn.
(161) Mag. Synt. iii. 2. Compare Clinton, F. H. vol. ii. p. 340, note.
(162) See Clinton, ad ann. 279.
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lifetime may be placed conjecturally from about 320 to 250
B.c.("™) The theory of Aristarchus is only known to us from
secondary sources ; but the chief of these is Archimedes, who
could not fail to understand the hypothesis, and to report it
correctly. Archimedes was born in 257 B.c.; and the theory
of Aristarchus may have been published after he had reached
the years of manhood.

Aristarchus is stated by Archimedes to have rejected the
geocentric doetrine held by the majority of Greek astrono-
mers, and to have promulgated the following hypothesis in a
controversial treatise directed against that doctrine :—That the
fixed stars and the sun are immovable; that the earth is car-
ried round the sun in the cireumference of a circle of which
the sun is the centre; and that the sphere of the fixed stars
having the same centre as the sun is of such a magnitude, that
the orbit of the earth is to the distance of the fixed stars as the
centre of the sphere of the fixed stars is to its surface. Archimedes
treats as absurd the hypothesis, that the distance of the fixed
stars from the earth is as a point to a surface, and consequently
infinite: he therefore supposes Aristarchus to have meant to
say that, as the earth is to the sphere of the fixed stars, accord-
ing to the received geocentric hypothesis, so is the sphere by
which he supposes the earth to be carried round to the sphere
of the fixed stars. By this interpretation, Archimedes substitutes
a proportion between four spheres ; and he adopts this interpre-
tation as correctly representing the meaning of Aristarchus, in
nis subsequent reasonings and calculations. It will be observed
that Archimedes assumes Aristarchus to mean that the earth is
carried round the sun in a solid sphere. Archimedes does not
inform us whether the hypothesis of Aristarchus included the
planets. The express limitation of the hypothesis to the fixed

(163) Martin, Timée, vol. ii. p. 127, cites Pappus as stating that the
fame of Aristarchus attracted Apollonius of Perga to Alex: ndria. I have
been unable to verify this quotation. J\]‘mllmnua moreover, who was born
under Ptolemy Evergetes, 247—222 n.c., and who died under Philopater,
222—205 B.C., seems to belong to a later date.
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stars, and the omission of all reference to the planets, shows
that the latter were considered of secondary importance by the
Greek astronomers. (1)

The compiler of the work on the Opinions of the Philosophers
likewise describes Aristarchus as placing the sun amongst the
fixed stars, and as supposing the earth to move along the solar
circle (or the ecliptie) ; he adds, that Aristarchus accounted for
solar eclipses by the inclination of the ecliptic to the axis of the
earth.(!®) It appears, moreover, from another notice of the
theory of Arvistarchus, that he agreed with the Copernican
theory in giving the earth a motion of rotation as well as an
orhital motion ; and that he thus explained both the diurnal
and the annual motions of the sun and fixed stars. ¢ He endea-
voured,” says Plutarch, ‘to account for the appearances by
supposing the heaven to be motionless, and the earth to turn
in an oblique circle, revolving at the same time round its
axis.’(1%) These words show that Aristarchus explained the
apparent annual motion of the sun in the ecliptic by supposing
the orbit of the earth to be inclined to its axis. Simplicius,
likewise, in his Commentary upon Aristotle de Celo, couples
Aristarchus with Heraclides as holding that the appearances
would be explained by supposing the starry heaven to be at rest
and the earth to make nearly one diurnal revolution from the
west, round the poles of the equinoctial. ¢ The word nearly is
added,” says Simplicius, ¢ on account of the sun’s daily motion
of one degree.”’(%) Sextus Empiricus likewise refers to the
hypothesis of the earth’s rotation, when he ineludes Aristarchus

(164) See note B, at the end of the chapter.

(165) Plut. Plac. Phil. ii. 24; Stob. Ee¢l. Phys. i. 25; Galen, Phil.
Hist. ¢. 14; Euseb. Prep. Ev. xv. 50. In the two latter writers, read i
&é ynw for mijy 8¢ aehqmp, from the two former.

[I :lﬁ] 'lp:u'rrlpxnuu.efﬂ derer K}LG{II-'HF'I'S‘ Tou },I’IJ.HDIJ IIU-‘FSFI.HI "‘jm.b:ﬂ:\t';u'ﬂn;
rm.rs‘ E.'r\?l.:j.anf, s mmuuﬂ: ToU Koopov e éoriav, oOTL tg:uw_uem cwlew drip
f!TEl-"JﬂTﬂ, ,u-t'l-’flil" Tf.il" ﬂl-"i.lﬂll'ﬂl-" UITWIE-EH'EI"”E" f&fhlf"t’!"ﬂﬂ'i E KT }kﬂgﬂl" KUK}HH:U
Tl‘;l" T, u;.m Kai ':I':I'EII‘:I{ Tiw {luri}r nfuw.: :?:wm;uuqv. De fae. in orbe lun. 6. As
to the use of éfedirresfu, compare Eurip. Here. Fur. 977, 6 8" éfehivoay
waida kiovos kukde, where the verb denotes a eireular motion.

(r67) Schol. Aristot. p. 495, Brandis.
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the mathematician among those who deny the movement of
the heaven, and ascribe a movement to the earth.(!*) Plutarch,
again, in another treatise, speaks of Aristarchus and a certain
Seleucus as having held the doctrine of the earth’s rotation: he
says that the former only advanced it as a hypothesis, whereas
the latter demonstrated it.('™) Archimedes mentions the
¢ Hypotheses” of Aristarchus as containing his heliocentric
theory: it is probable that he promulgated the opinion, unaec-
companied with any geometrical proof. Seleucus the mathe-
matician is deseribed in the work on the Opinions of the Philo-
sophers as holding the doctrine of the earth’s motion.('™) He
lived before Hipparchus, by whom he was quoted on a question
relating to the tides.('™) He wrote against Crates, who like-
wise speculated on tides ;('™) this circumstance fixes his lifetime
to about the middle of the second century B.c. Seleucus like-
wise held, with Heraclides of Pontus, that the universe is in-
finite.(17%)

We are informed by Plutarch that Cleanthes (who probably
at the time was head of the Stoical School at Athens, the most
religious of the Greek philosophical sects) declared his opinion
that Aristarchus of Samos ought to be prosecuted for impiety,
because he taught that the hearth of the universe was mov-
able.('™) By ¢ the hearth of the universe’ he meant the earth ;
and he employed this mystical appellation as alluding to its
central and sacred character.('””) His indignation at the here-

e ——

(168) of ye piv Tov kiopov kimow drekdvres, Ty &€ ymr kweioba Sofdoar-
Teg, s of wept  ApioTapyor Tov pafppator, oU kehvorrar voew xpdvor, Sext.

Emp. adv. Dogmat. iv. § 174, Bekker.

(16g) Quest. Plat. viii. 1.

(r70) Plac. Phil. iii. 17; Excerpt. Joan. Damase. ad cale. Stob. Phys.
vol. iL. p. 775, ed. Gaisford. Also in Stob. Anth. vol. iv. p. 244, ed. Mei-
neke.

(171) Strab.i. 1, § 9.

(172) Joan. Damase. ib.

(173) Stob. Phys. xxi. 3; Plut. Plac. ii. 1. Conecerning the birth-place
of Selencus, see Boeckh, Kosm. Syst. des Plat. p. 142.

(174) De fac. in orbe lun. 6,

(175) See Martin, Timée, tom. ii. p. 115.

e ———eE X WTI e
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tical doctrine of Aristarchus implies that he conceived it not
merely as making the earth revolve round its axis (which Hera-
clides and Iicetas had done), but as uprooting it from the
tranquil and dignified seat which it had occupied at the centre
of the heavenly sphere, and as sending it a wanderer through
space. The appeal of Cleanthes, however, met with no re-
sponse : the general opinion of Greece had become more tolerant
of physical speculation than it was in the time of Anaxagoras
and Socrates. Cleanthes seems to have been driven to use
areumentative, not penal weapons, in defence of the 1mmobi-
lity of the earth. We find, at least, in the list of his works, a
treatise ‘against Aristarchus,” (') which probably referred to
his heliocentric hypothesis.

A treatise of Aristarchus, © On the Magnitudes and Distances
of the Sun and Moon,” is still extant.('"") The geometrical
methods by which he attempts to measure the apparent dia-
meters of the sun and moon, and to determine their distances,
are considered sound by modern astronomers; but as his ob-
served data were inexact, owing to the defective instruments
which he used, his results are erroncous.('”®) In this treatise
the author makes no allusion to his heliocentrie hypothesis.

(176) mpds *Apiorapyor, Diog. Laert. vii. 174

Schaubach, Gescliuchte der Griech. Astron. p. 466—477, has attempted
to show that the hypothesis of Aristarchus did not anticipate the Coper-
nican theory ; and his arguments have received some countenance from
Mr. Donkin, the Savilian Professor of Astronomy at Oxford, in his article
Aristarehus, in Dr. W, Smith’s Dictionary of Ancient Biogr. and Myth.
The subject has been fully investigated by Ideler, in his excellent disser-
tation, ﬁeber das Verhiltniss des Copernicus zom Alterthum, published
in the Museum der Alterthumswissenschaft (Berlin, 1810), vol. ii. p. 393
—454; who considers the hypothesis of Aristarchus as agreeing substan-
tially with the Copernican: see p. 429. This view 13 adopted by Martin,
Timée, vol. ii. p. 127. Compare Delambre, Hist. d'Astr. Ane. tom. i.
p. 80, 102, The silence of Ptolemy, Mag. Syut. i. 4 and 6, respecting Aris-
tarchus, proves nothing. In the chapters cited, Ptolemy uses general
arguments to disprove the motion of the earth, both of rotation and trans-
lation, but he mentions no astronomer who held these opinions. He states

the hypotheses, and controverts them without attributing them to any
one.

(177) Edited by Wallis, Oxon. 1688, and repeated in Wallis, Opera
Mathematica (Oxon. 1699, fol.), vol. ii. p. 569.

(178) See Delambre, Hist. de I'"Astr, Ane. tom. i. p. 75, and Donkin,
0]
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Vitruvins ineludes Aristarchus among the prineipal inventors
of scientific instruments and dialling ; (™) and describes him as
the author of the hemispherieal sundial.  Aristarchus may have
improved it ; but this form of sundial certainly existed before
his time.(**) He 1s likewise reported to have made a great
cycle of 2484 years, (™) which was doubtless founded on some
astronomical combination,

§ 13  Archimedes might be assumed on general grounds,
even without the evidence afforded by his treatise of the Arena-
rins, to have been acquainted with all the astronomical science
of his time. He is characterized as an astronomer by Livy, (%)
who probably had only a general idea of his celebrity in phy-
sical science. He is stated by Macrobius to have measured the
distances of the moon, sun, and planets ;(***) and he constructed
an orrery, in which he exhibited the motions of the sun, moon,
planets, and fixed stars round the central earth.(*®*) This orrery

art. Aristarchus, in Dr. Smith's Dictionary of Anc. Biogr. and Myth.
Delambre says: * L'éerit que nous venons d'analyser, s'il ne nous donne
Euo_ des résultats trés inexacts, est du moins recommandable par la finesse
es apercus et une méthode vraiment géométrique,” p. 80. Speaking of

the détermination of the sun's distance by Aristarchus, he says: * Quand
on compare cette distance d'Aristarque aux idées de ses prédécesseurs, on
congoit qu’ Aristarque a d passer en son tems pour un grand astronome,’
p. 79.

(179) Vitruv. i. 1, 17.

(180) Scaphen sive hemispherium Aristarchus Samius (dicitur inve-
nisse), ix. 9.

(181) Censorin. c. 18.

(182) Unicus spectator eeeli siderumque, mirabilior tamen inventor ae
machinator bellicorum tormentorum operumque, xxiv. 34. The exposition
of the orrery of Archimedes seemed to Cicero to prove, * plus in illo Siculo
ingenii, quam videretur natura humana ferre potyisse,’ De Rep. i. 14.

(1583) In Somn. Seip. ii. 3.

(184) See Cic. de Rep.i. 14; Nat. D, ii. 35 ; Tuse. Disp. i. 25, from which

assages it appears that the orrery of Archimedes was made of brass ; that
it exhibited the revolutions of the sun, moon, and five planets, and showed
the nature of eclipses ; and that it was removed from Syracuse hy Mar-
cellus, and deposited in the Temple of Virtue at Rome. The Temple of
Virtue was dedicated by Marcellus from the plunder of Syracuse. Plut.
Marcell. 28; Val. Max. i. 1, 8.
Orvid, Fast. vi. 271,

Arte Syracosid suspensus in aére clauso
Stat globus, immensi parva figura poli.
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was doubtless intended to exhibit the system of the world which
was generally received among the scientific men of Greece.
Nevertheless, his extant works show that his attention and in-
ventive powers were principally directed towards mechanies and
geometry. His life extended from 287 to 212 s.c. He appears
to have resided at Syracuse, his native town, where he was
killed by a Roman soldier, when the town was taken in the
Second Punic War, and where his tomb was found by Cicero.('*)
His works are written in the Doric dialect of his fellow-citizens,
who had derived it from their mother-city, Corinth. (')

§ 14 The Museum of Alexandria was the creation of the
early Ptolemies. Its vast library was its prinecipal feature ; but
it was likewise a college or academy of men distingnished m
literature and science, who were attracted to Alexandria by the
patronage of the Greek kings of Egypt. (') Among the sciences
cultivated by the Greek Alexandrine School was Astronomy.
Aristarchus, to whom reference has been already made, is stated
to have resided at Alexandria. Aristyllus and Timocharis, two
astronomers who appear to have been contemporary with each
other, conducted their operations in the same city. They are
classed by Plutarch with Aristarchus and Hipparchus, as authors

Claudian, in his epigram ¢ in sphzram Archimedis (Ep. 18), describes it as
being of glass, and particularly mentions that it represented the zodiae,
and the moon’s motions.

Sextus Empiricus adv. Dogm. iii. § 115, Bekker, speaks of this orrery
as made of wood, and as exhibiting the motions of the sun, moon, and other
stars.

Lactantius, Div. Inst. ii. 5, following Cicero, is more copious: An
Archimedes Siculus coneavo ®re similitudinem mundi ac figuram potuit
machinari, in quo ita solem ac lunam composuit, ut inmquaﬁes motus et
ceelestibus similes conversionibus singnlis quazi diebus eflicerent, et non
modo accessus sohis et recessus, vel inerementa diminutionesque lunce,
verum etiam stellarum vel inerrantium vel vagarum dispares cursus orbis
ille dum vertitur exhiberet ?

Martianus Capella, vi. § 583, ed. Kopp., describes an orrery, similar
to the Archimedean, in which the earth is immovable.

(185) Tuse. Disp. v. 23.
(186) See Theoerit. Id. xx. 91.

(187) See Miller's Hist. of Greek Literature, by Donaldson, vol. ii.
p. 418.

o2
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of prose treatises on Astronomy.(') It is stated by Ptolemy
that the only observations of the fixed stars to which Hippar-
chus had access were those made by the two astronomers in
guestion ; and that they were neither unambiguous nor com-
plete.('™) In another place, Ptolemy mentions that the obzer-
vations of Timocharis were roughly taken.(') Observations of
Timocharis are specified by Ptolemy, of which the dates extend
from 293 to 272 p.c.('™) His lifetime must, therefore, have
nearly coincided with that of Aristarchus,

Conon of Samos, another celebrated astronomer of this
period, belonged to the Alexandrine School. He was the friend
of Archimedes, who survived him, and who mentions him with
admiration in his extant works.('”) He is stated by Ptolemy
to have himself made astronomical observations in Italy, (')
and by Seneca to have formed a collection of the solar eclipses
observed by the Egyptians.('**) His astronomical fame is like-

(188) De Pyth. Orat. 18. It seems that there were two persons named
Aristyllus, who were celebrated as astronomers. In the list of writers
who composed commentaries on Aratus, in Petav. Uranolog. p. 147, there
is first "ApioruMhoe 8o yeopérpar, and alterwards "Apicrullos péyas and
*Apioruldos pukpis.

(189} Synt. Mag. vii. 1, p. 2, Halma.

(1g0) vii. 3, p. 15.

(191) An observation of Timocharis, taken in the 47th year of the first
Callippic period, or 465 of Nabonassar, is mentioned in Ptol. iii. 3, p. 21;
two in the 36th year of the first Callippie period, or 454 of Nabonassar,
p. 23, 26; another in the 48th year of the first Callippic period, or 466 of
Nabonassar, p. 24; another in the 13th year of Ptolemy Philadelphus,
x. 4, p. 205. Timocharis is mentioned in Schol. Arat. 269,

(192) See the Introduction to the Treatises on Helicezs, and on the
Quadrature of the Parabola, where Archimedes mentions with regret the
death of his friend Conon, and speaks with admiration of his geometrical
genius. Conon had treated conie sections before Apollonius. Procem.
ad Apollon. Perg. lib. iv. p. 217, ed. Halley.

(193) De Apparent. p. 53, Petav.

(194) Conon, diligens et ipse inguisitor, defectiones qui(':[cm golis ser-
vatas ab Egyptiis collegit, Sen. Nat. Quest. vii. 3, where ‘inquisitor’
signifies observer. Mr. Donkin, art. Conon, in Dr. Smith's Dictionary of
Ane. Biog. and Myth., renders this passage, *he made a collection of the
observations of solar eclipses preserved by the Egyptians.” Servatas, how-
ever, here means observed ; compare Virgil, An. vi. 337—9.

Eeee gubernator sese Palinurus agebat :
Qui Libyeo nuper eursu, dum sidera servat,
Exeiderat puppi mediis effusus in undis.
“Ceeli signa servare,” Cic. de Div. i. 19. ‘Servare de cwelo' seems to
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wise commemorated by Virgil.(1®) Upon the safe return of
Ptolemy Evergetes from his Syrian expedition in 243 s.c., his
queen, Berenice, dedicated a lock of her hair in the Temple of
Arsinoe-Aphrodite at Zephyrium, in Lower Egypt.(**) This
lock of hair has become immortal ; for having disappeared in
the temple where it was deposited, it was translated by Conon
into the heaven as a constellation, (') which has retained the
name of Coma Berenices, and still appears in the celestial sphere.
This incident (which was made by Callimachus the subject of an
elegiac poem), (') proves that the Alexandrine astronomers were
desirous of marking their gratitude for the patronage which they
received from the Greek Court. The name of this constellation
has been more permanent than the appellation of Medicean stars,
which Galileo gave to the satellites of Jupiter, and of Georgiuniu
Sidus, which Herschel gave to the sixth planet discovered by
him. The fame of this lock of hair has likewise been perpetuated
in the word wernice, vernis, and warnish, which alludes to the
amber colour of the queen’s beautiful tresses.('")

have been the technical plirase for the observations of the flight of birds
made by the angurs.

(193) In medio duo signa, Conon ; et quis fuit alter,

Deseripsit radio totum qui gentibus orbem ¥
Tempora quae messor, quee carvus arator haberet ?
Virg. kel. ni. 40—42.
The second portrait is conjectured to be that of Eudoxus.
The astronomical reputation of Conon is likewise deseribed in the in-
troductory verses of the Coma Berenices of Catullus (Carm. 66) :—
Omnia qui magni dispexit lumina mundi,
QQui stellarnm ortus eomperit atque obitus ;
Flammeus ut rapidi solis mitor obscuretur,
Ut cedant certis sidera temporibus ;
Ut I'riviam furtim sub Latmia saxa relegans
Duleis amor gyro devocet aério.

(196) Strab. xvii. 1, § 16.

(197) Hygin. Poet. Astr. ii. 24; FEratosth. Catasterism. 12; Schol.
Arat. 146 ; Achill. Tat. Isag. ¢. 14. The constellation lies between the
tail of Leo and the star Arcturus.

(19%) The few extant fragments of the elegy of Callimachus are in
Blomtield’s edition, p. 321. The substance of the poem is preserved in the
rugged version of Catullus, Carm. G6.

(19g9) See Eastlake's Materials for a History of Oil Painting (Lond.
1847), p. 230—268. Her golden hair is mentioned by Catullus, v. 62,

Devota flavi verticis exuvia.
Bepevixn was used in lower Greek as the name of amber. Compare Du-
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Eratosthenes, whose lifetime reached from 276 to 196 B.c.,
was another distinguished member of the scientific School of
Alexandria. Having been invited to that city from Athens by
Ptolemy Evergetes, he was placed by him at the head of the
library. He was the father of systematic chronology and
seientific geography ; (*") and he was likewise a proficient in
astronomy. (*"') His chief astronomical performance was his
determination of the circumference of the earth by a method
identical with that which would be employed by a modern
astronomer. It was known that Syene in Upper Egypt is under
the tropic of Cancer; (**) and that the gnomon of the sundial
cast no shade there at the summer solstice. It was likewise
assumed that Syene and Alexandria had the same longitude.
The distance between Syene and Alexandria had been ascer-
tained by the measurers of King Ptolemy to be 5000 stadia.
The zenith distance for Alexandria was determined by Eratos-
thenes at ;';th of the cireumference of the meridian. Hence
the cirenmference of the earth was fixed at 250,000 stadia. In
order to obtain a number divisible by 360 without a remainder,
Eratosthenes supposed the number to be 252,000, and thus ob-
tained 700 stadia for a degree.(*?)

cange, Gloss. inf, Grme. in Bepovikny, Diez, Romanisches Warterbuch,
0. S68,

l (2c0) This is the view of him which is taken by modern writers; his
contemporaries eonsidered him to have obtained a good secondary position
in all sciences, but the first in none; hence they called him Befa. See
Bernhardy, Eratosthenica (Berlin, 1822), p. viii.

(zo1) It has been conjectured that the erection of the large armille, or
cireular instruments for astronomical observation, at Alexandria was due
to Lis influence ; but the conjecture is unsupported by express testimony.
Bernhardy, ib. p. xii.

(202) That the sun is pcrpeuﬂinul!lr at S_‘!,TPIIE at the summer solstice,
and shines into a deep well, is stated, with full explanation, by Strabo,
xvil. 1. 48. Compare Dr. Smith's Dict. of Ane. Geogr., art. Syene. Lu-
can's ideas on this phenomenon were very indistinet. In one place he
implies that the absence of shadows is constant at Syene:—

Calidi medius mihi cognitus axis
JEgypto, atque umbras nusquam flectente Syene.
i1. 586, 7.
In other passages he indicates a consciousness that the perpendicularity
of the sun in the tropie of Cancer 18 only temporary, viii. 851, x. 234.
(203) See Cleomed. i. 10, where the method of Eratosthenes is fully
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The circumference of the earth being determined, its
diameter was known. FEratosthenes further determined the
diameter of the sun to be twenty-seven times greater than that
of the earth.(*") He likewise made the distance of the sun
from the earth to be 804,000,000 stadia, and that of the moon
780,000 stadia.(**)

According to a story told by Pliny, Dionysodorus, a cele-
brated geometer, died in his native island of Melos. A short
time after his burial, a letter was found on his sepulchre, ad-
dressed by him to the people on earth, stating that he had
reached the lowest point of the earth, and that the distance was
42,000 stadia. This was interpreted by geometers to mean that
- he had reached the centre of the earth, which was a sphere;
whence it followed that the circumference of the earth was
252,000 stadia (=42,000 x 6).(**) This value for the earth’s
radius was, however, in fact, taken from the estimate of the
earth’s circumference by Eratosthenes. The date of Dionyso-
dorus is unknown. (*'7)

There is a work on the constellations which bears the name
of Eratosthenes; but it has been proved by Bernhardy to be
pseudonymous, and to be the compilation of a late Greek gram-
marian, closely resembling the Poeticon Astronomicon of
Hyginus, and probably derived from a common source.(**) The

S

described.  Also Incerti Auctoris excerptum Mathematicum, in Macro-
bius, ed. Janus, vol. i. p. 219. See also Plin. ii. 108; Strab. 1i. 5, 7;
Vitruv. i. 6; Martianus Capella, vi. § 596, ed. Kopp. Compare De-
lambre, Astr. Anc. vol. i. p. 89, 221; Mr. De Morgan's art. Erafosthenes,
in Dr. Smith’s Diet. of Anec. Biog. and Myth.; De la Nauze, Mém. de
I'Acad. des Inseript. tom. xxvi.; Schaubach, Gesch. der Griech. Astr.
p- 275 ; Bernhardy, Eratosthenica, p. 57. Assuming the stadium to be
4th of a mile, the degree of Eratosthenes would be = 87} miles.

(204) Macrob. in Somn. Seip. 1. 20, § 6. He cites the “libr dimen-
slonum.’

(205) Stob. Phys. i. 26 (where the word pypudeor should be expunged,
with Bernhardy); Euseb. Prep. Ev, xv. 53; Galen, Hist. Phil. e. 15.
The passage of Plut. Phil. Plac. ii. 31, iz mutilated. Compare Bernhardy,
ib. p. 56. The number expressing the sun’s distance is pupuades Terpakocia
kai okracieuupion = 4 millions 4 800 millions.

(206) N. H. ii. 109,

(207) See Dr. Smith's Dict. of Biogr. in v.

(208) The suraorepiopoi of Eratosthenes were edited with notes and
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author and the date of the latter work are likewise undeter-
mined. (*")

Another scientifie astronomer of Alexandria, the survivor of
Conon, but the contemporary of Archimedes, who dedicated to
him his treatises on the Sphere and Cylinder, and on Spirals, was
Dosithens. He is one of the anthorities whose observations on
the fixed stars are followed in the calendars of Geminus and
Ptolemy.(*") Ina passage appended to the Calendar of Ptolemy,
it 1s mentioned that his observations were made at Colonia,
where the length of the longest day was 144 hours.(*'!) It does
not appear what place can be meant. He is mentioned by
Censorinus as one of the improvers of the octaéteric cycle
ascribed to Eudoxus.(*1%)

Apollonius of Perga is stated to have been horn in the reign
of Ptolemy Evergetes,(***) and to have flourished in the reign
of his successor, Ptolemy Philopator.(*'") The latter of these
reigns extended from 222 to 205 B.c. He was, therefore, a
yvounger contemporary of Archimedes. Apollonius was one of
the principal ornaments of the Alexandrian School : lis trea-

an epistola of Heyne, Gotting. 1795, by Schaubach, the author of the
History of Greek Astronomy. The best text is in Westermann's Mytho-
graphi, p. 239. Compare Bernhardy, ib. p. 114, sq.

(2z09) See Dr. Smith’s Dict. of Anc. Biog. and Myth. art. Hyginus.

(210) P. 36, 42, Petav. He is also mentioned as an astronomiecal ob-
gerver by Pliny, N, H. xviii. 74.

(211) P. 5:].

(212) C

(213) luul-:-muﬂ (Comm. ad Apollon. Perg. Conica, lib. i. p. 8, ed.
Halley, Oxon. 1710, ﬂ}l} cites Herachus in the Life of ..-".nlnumdes a8
'Htﬂtll'lf_, that AI'IUH-L'I!IHI_S }rq,-lr:m .u.EP K ]}Ep}-r;r n;: P Hu;.uiwl:ﬂ £V xpu;-lrur TOU
th'm-'frw Ilrodeupaiov. KEvergetes reigned from 247 to 222 n.c., and Apol-
lonius is stated to have flourished in the succeeding reign of P}u]uputur.
222—205 m.c., the entire period being 42 years. Apollonius was subse-
quent to Ar:.hlmcdes from whom he was unjustly accused of having
vrated his demonstrations of the Conie Sections, Eutoe. ib. Conon of
Samos (who was a contemporary of Evergetes) preceded Apollonius,
Eutoe. ad lib. iv, p. 217. 1f Apollonius lourished under Philopator, his
birth probably prece:led the reign of Evergetes by a few years. His life-
time may be conjecturally placed from 250 to 180 s.c.

(214) Ptol. Hephmstion, ap. Phot. Bibl. Cod. 190, p. 151 b, ed.

ckker,
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tise on Conic Sections acquired him the title of “the Great
Geometer,” by which he was known to the ancients :(*'*) he
was likewise celebrated as an astronomer, and he is reported to
have obtained the nickname of Epsilon, from his fondness for
observing the moon, whose crescent resembled that letter.t*!%)

It appears that he was the first to discard the theory of re-
volving spheres, and to substitute that of eecentrics and epi-
eycles, for explaining the movements of the planets.(*'7) This
ingenious and refined theory could only have been devised by
an accomplished geometer. The hypothesis of the eccentric
eircle approximated closely to that of the ellipse; while the
theory of epicycles accounted by circular movements for the
stations and retrogradations of the planets. This theory, after
having been developed and elaborated by Hipparchus and
Ptolemy, maintained its ground in scientific astronomy until it
was overthrown, in the sixteenth and seventeenth centuries, by
the great observers and mathematicians who established the
Copernican System.

(215) Geminus, in the 6th book, s tév pafpuirwr Bewpias, cited by
Eutocius, ibid.

(216) Ptol. Heph. ib.

(217) Ptol. Synt. ix. 1. An excellent account of the theory of epi-
eycles 1s given in Drinkwater’s Life of Kepler, e. 4.
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Nore A.—(p. 142.)

Mz. Grote has recently made this passage the subject of a separate in-
vestigation, in which all the main arguments bearing upon the qufstmn
are fully and perspicuously stated. See his dissertation entitled * Plato’s
Doctrine respecting the Rotation of the Earth, and Aristotle’s Comment
upon that Doetrine.” Lond. 1860, 8vo. There were two hypotheses re-
specting the interpretation of this passage: one that Plato meant the
earth to be mc-tiunﬁ.-,sa, and to be attached to the cosmieal axis ; the other
that he represented it as revolving round or upon that axis. Mr. Grote
substantially adopts the latter hy pm‘,]mam he understands Plato to assign
a rotatory motion to the earth, but he conceives the axis to be material and
rigid, to be a solid revolving eylinder, and the earth to turn with the axis,
not round or upon it. He renders the word eilhopémy, * being packed or
fastened close round, squeezing or grasping around.”

This view of Plato’s conception of the cosmical axis is e'tpresscd in the
following passage of Achilles Tatius, p. 95, ed. Petav.:—é afwr dmd dpkre-
KoU TONOV i€ pe ToU AVTapKTIKoU Eﬂjﬂ{!t Bm Tov aifépos kai Tov uh?nmu n:.r'rmxﬂwnr
mmv;.tfunr n }frj oty ﬂapt:nrrr:r olora 'EI-'ﬂxTr:i. [lege wnpn:-rm] K fpﬂ'fﬂfpum_m::
spmpmhnppim Ul TOU ugums, (AT .u:rj Stwaor@a kweicfar. Ta 8¢ d\ha xmwrfpu
ovTa Tomor Exn:-'fﬂ m-pu]'le'rm Samep v €L TIS uﬁ#:‘hlf_ﬂ{m §uln.‘v Emwjrmr fp.rfpnw]m;.'
s;.urrfp:ﬂﬂr T Ev}tm TpoxoUs kvkhoTepds. aupBaive yip TOUS péy TPOYOUS Kivelr-

1 T'l'l af T.?:I‘L-EH-' HKLI-"?T".I" 'l,l‘il"i'_l 'iT.Ii,I‘ KFEITHL'I.-‘TUE U’TEPEJKWPI’}’J‘!EI’HI‘;

The best sensible image of this hypothesis 1s that of a joint of meat
fixed npon a spit, and turned by it before the fire, according to the sug-
gestion of z’lvﬁilles Tatius, e. 28. See above, p. 173.

It is, however, difficult to discover what is gained by this hypothesis.
Sir Edmund Head seems to me tohave conclusively established against Butt-
mann, that the idea of rolling is original and fundamental in eikew and its
cognate forms. (Philological Museum, vol. i. p. 405.) iM\opévwr dpérpwy,
in Soph. Ant. 341, denotes the zigzag course of the plough, always re-
turning upon itself. The word i\\as, applied to oxen, appears to be de-
rived from their use in ploughing, Soph. Fragm. 80, Dindorf. Cleomedes
twice uses E:Mm to denote a eirc ui:n* uu:-tmn of erﬂIulwn round a centre.
n Tl rJLpﬂl.l'l'ili‘ xvxlm u:\nu_ufvns‘ t.r'rfp TOr depa kai Yy, ]Jﬂ 11.[1'1 1.3, P 20.
frﬂﬂ"l"“i‘ Taw l‘.lﬂ'hﬂl—"ﬂﬂl" H’I-I'J'Tt'li'lﬁﬂ-' 'ET?:I'I" T-Cd' Kﬂﬂ"lf...[ﬁ.'l Elhﬂlb}l’fﬂﬂf T'EFI Tl.':i ”IKEM'JF K’EPT‘JUF
kikhov meprypidher, 1. 5, p. 29.

we are to suppose that Plato assigns a rotatory motion to the earth,
the most natural interpretation would therefore be to render eiN\opéimy h;jr
revolving, and to understand (as Aristotle appears to have done), that the
earth turns round the axis of the world.

The ancients in general undoubtedly conceived the cosmical axis as
immaterial ; as a geometrical line. If Plato supposed the earth to be
turned by a solid revolving cylinder, he must have supposed this eylinder
to project from the north pole of the earth, and to be visibly fixed in the
north pole of the heaven: an idea of which no trace, so far as I am
aware, oceurs in any ancient writer.

The i‘ullumnngassage from the Commentary of Hipparchus upon the
Phenomena of Eudoxus and Aratus, proves that neither Eudoxus nor
Hipparchus supposed the msmlml axis to be a solid eylinder attathed to
the celestial pulvﬂ —'n'tpi, pI.IEP ﬂw' TOU ﬁ::pﬂm.r moNOU Luﬁugur ﬂ].rmu hi}r-:.w
ovTws® * €omwv O€ Tis m.rrw; pevov dei Kara Tov nw::p- Tomwov, oltos € 0 ﬂlTlelr.l
wohos €Tl ToU kiopov.”  €mi yap Tou wolov oUdE eis doTip Keitar, dAha kivos
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] ’ k4 - o ) ” ] 1) L ) ] i
EFTL TOROS, @ 'iTl'!jJH.KEIPTI’H: TPFIS' {IQ’TE{]EE‘.‘. PFE EJD" T ﬂ'l?‘,.{!l.ﬂl‘ T KATd Tor ?I'ﬂr;.lﬂlr‘.

TET NIy @VOY é’wmru oxnpa mepiexet, kabamep kai Hubéas oy 6 Macoakwrys,
lib. i. p. 101, Stella quee dicitur polus, Vitrav. ix. 6.
The unsubstantial nature of the cosmical axis is marked by Manilius :—
Nee vero solidus stat robore corporis axis,
Nee grave pondus habet, quod onus ferat mtheris alti.
Sed cum aér omnis semper volvatur in orbem,
(Quoque semel ecepit, totus volet undigue in ipsum,
l.?,um:lcunque in medio est, circa quod cuncta moventur,
Usque adeo tenue, ut verti non possit in ipsum,
Nee jam inelinari, nee se convertere in orbem.
Hoc dixere axem, quia motum non habet ullum ;
Ipse videt circa volitantia cuncta moveri.
Summa tenent ejus miseris notissima nautis
Signa, per immensum cupidos ducentia pontum.
L. 202—302,

Aristotle, in his Treatise on the Motion of Animals, ¢. 3, p. 699, in-
forms us that there were different ways of explaining the revolution of
the heaven. Some supposed that the motion of the celestial sphere was
])rndur:ed by the energy of its poles. Others conceived that Atlas symbo-

ized the revolving force of the diameter. Here, however, the axis or
diameter is used for the purpose of explaining the movement of the starry
sphere ; it has no reference to the earth.

The received doctrine of the ancient astronomers respecting the poles
is stated by Geminus, e. 3, Macrob. in Somn. Seip. i. 16, § 4. Concerning
1]';1"][? use of milos, see Schol. Aristoph. Av. 179 ; Seriptor de Mundo, ¢. 2;

in. ii. 15. .

Dr. Whewell, in his Platonic Dialogues, vol. iii. p. 372, admits the dif-
fieulty of supposing Aristotle to have misunderstood Plato, but rightly
urges the improbability that Plato *should hold the rotation of the earth
round an axis, except in order that he might thereby account for the appa-
rent diurnal motion of the heavens.’

Prantl, in his translation of the Treatise of Aristotle de Ceelo (Leipzig,
1857), tries to get over the difficulty by supposing that a tremulous or
vibratory motion is meant. He translates the passage in ii. 13 as follows :
* Einige aber behaupten auch, dass die Erde, wihrend sie sich am eigentli-
chen Mittelpunkte befinde, in einer zitternd schwankenden Bewegung um
die durch das All gespannte Axe sei, wie dies im Timius geschrieben
stelt,” p. 159. The passage in e. 14 is similarly translated, p. 173. Com-
pare the note, p. 311. But Aristotle’s argument clearly shows that he
understood a rotatory motion to be meant by Plato.

Simplicius, in commenting on Aristot. de Ceel. 1i. 1, says, that Aristotle
must have been well acquainted with the doctrines of Plato concerning
the cause of the eircular motion of the starry heaven, inasmuch as he con-
descended to compose a summary and abridgment of the Timaus: xai
mavrer olpac palhor ¢ "Apiororéhns mip év Tipalw ?reI!:ri Tovrar tot HAdroves
yvauny prioTaro, @s Kai ovvoyw kai emrouny Tov Tipaiov ypagew ovk ampliooe,
p. 491 b, ed. Brandis. The lists of Aristotle's writings, however, make no
mention of an abridgment of the Timsus of Plato. Diogenes Laertius,
v. 25, has the title of a work in one book, v €k rov Tipaiov kai Tav "Apyvreiar,
and the Anonymus has a similar title, see Brandis, Aristoteles, vol. 1. p. 85;
but this was a summary of the opinions of Timeus himself, the Pythago-
rean philosopher, and of the followers of Archytas (like the extant sum-
mary of the opinions of Xenophanes, Zeno, and Gorgias), not of the Pla-
tonic Dislogue. It seews tuerefore probable that Suoplicius made a
mistake.



——

204 SCIENTIFIC ASTRONOMY FROM

Note B.—(p. 191.)

: Archimed. Arenarius, p. 319, ed. Torelli. xaréyes 8¢ ori kakeirar kdopos
U pér Tér whedrey dorpodidyey d oaipa, ds €oTl KevTpor TH Tas Yas KevTpov,
d 8¢ €k ol kévrpov loa v elfeia 7@ perald Tov kévTpov Tob dhiov Kai ToU KEVTpOU
Tds yis. TavTa yap €v Tais ypadoperas wapa Tov dotpodiywr Stakpovoas "Apic-
TUYOS 0 Eﬁym; vrrolesiay E‘ée’ﬁmﬁp yprh{;ﬂg' 1 iy £ T irm:m!l}.lfll'ml-' (g 1D
Baiver Tov kéopor mohharhdowoy elvar Tov vor elpnuevov.  