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Chapter 2: Rise of Rational Cosmology

For the pecple of Babylon the sky was a two-dimensional vault across which moved a continusl
procession of sun, moon, planets, and stars. In this ever-chansing pattern they read the fate of
longs and of nations. In the sense that careful obzervations were required, such activity might be
considered scientfic. But El_l.re];n this was a priestly science, confined by ntual, offering only
dogmatc answers to cosmic questions. Their achisvement was 1 recogmzing resulantes i the

heavens that enabled them to predict celestial phenomena and consequently to believe themselves
to prophesy.

But the Greels were philosophers not prophets. What had been sencus, demanding business for
the Mesopotamans — searchme the mght sky for signs and omens, was a fascinating mtellectusl
challenge for the Greeks — seelung the mechams=sm underlying motion 1n the celestial spectacle.
Their motvation was a guest to understand cosmic harmony, to relate the changing appearances
of the sky to permanent, invariable princaples. Specifically. to grasp the natural order underlying
the vanety of patterns traced by the planets agamst the backsround of stars.

But what an mncredible leap from the mythic tales told by the astronomer priests! To thimk m
terms of cose and effect rather than sign and mterpretation was a monumental transformation,
but the sermus of that age was faith, faith m the eastence of those yet undiscovered underlyving
principles. Anyone could paint a picture or construct a fantasy, but to come up with a few
fundamental ssnoms to rationally explam a host of gphenomena . .that was a real challenge, and
they were eager to pursue 1t — such splendid optimism! And what nesded to be explained? One
ctarts with the most orderly, repular natural phenomenon, motion of the sun, moon and planets,
whach directly leads to the ssarch for the celestial mechamesm.

Howr did such a clearly revolutionary, rational approach to natural philosophy bepm? Little
mformation survives from before the Sth century BCE; but if a choice of ongin has to be made,
one mught pick the seafaring town of Miletus on the Anatohean coast of Asia Minor, a region known
as lomia. There, 1 the 7th Century B.C., appeared one Thales, founder of the loman school of
philosophy. The Milesians were a practical people who approached problems m terms of everyday
experience not myths. Perhaps that 1s why a central notion of the loman school was that the
entire Cosmos funchoned much hilkke the bits and preces of it we can exramime here on earth. What
a seemingly modern, clear-headed starting point! But thewr inmovation did not stop there. They
not only were dedicated to a search for basic principles to provide a fundamental descnption of
nature, but they conzidered such a quest both a nght and responsibility.

For Thales, the principle of exnstence was based on substance; the concept of a fundamentsal stuff
that could, by simple rearrangement of i1ts elements, take on varnous aspects and explained the
abundant varnety of substance found i the matenal World. As the Ioman school progressed with
famous contmbutors such as Anaxasoras, Ansxamenes, and Anasnomander, the notion of just what
cubstance was truly basic shifted from earth to air and fAre and water or a still more fundamental
fifth essence, or "guintessence." At that time, viewmg the uruverse as ordered by a lierarchy of
substance (which later became a value hierarchy] not lead to any further rational m=ights, and
although this turmed out to be a durable concept m the hastory of natural philosophy, the
mportant contnbution of the [omans (second to the legacy of intellectunal mtegrty) was the
concept of a theoretical model, their ability to compare the remote with the familiar. Heavenly
bodies were not dethies, the starry mght sky was a great bronze shield, perforated wath small holes
with a great fire raming on the far side and shiming through. They also came up with the 1dea that
moon glows with hght borrowed from the sun. Agsin a great leap away from the dopmatic
distinction betwesn the natures of heaven and of earth, toward the 1dea that the heavens are

Chapter 2 7 4/3/05

L



composed of and behaved much as familiar mammate objects on the surface of the earth. Thales
was not quite so direct i his attack on the supreme authonty of the gods, but his challengs
emboldened successors to reduce the sacred worlangs of the Cosmos to analysis with "paper and
pencil.” Eevolubonary ideas gain general acceptance only very slowly. Anawxsgoras was
condemned to death (but escaped| for his attempts to demote the heavens, by sugeesting that the
sun and stars were no more than hot glowimng stones, without mind or soul

Theze were only the beginnings. The notions of fundamental principles and the abstraction of a
theoretical model were carned forward by the Pythagoreans durnng the &th Century. For the
Prythagoreans, the "principle” was abstract mathematics, mumbers not substance. Axoms, not
meredients, were the foundation of World order and structure. The laws of the heavens were
baczed on the correspondence betwesn numbers and natural phenomensa 1n a manner strilaongly
similar to the formal basis of many studies 1n modermn physical science where mathematical
symmetnes are important. To understand what they had 111 mind, consider the followmg
summary by a 4th Century commentator:

The Pythagoreans soad thoat the bodies in the planetary system revolve around the centfer at
distances related by mathematical proportions. Some revolve more quackly, others more
slowdy. The slower ones enaf deeper sounds as they move, and the guicker ones hagher

sounds. These sounds depend on the ratios of the distances, which are so proporfionsed that
the combmed effect 15 harmomous...

Later thas harmony came to be called the "music of the spheres." Their owverall model for motions
of celestial bodies was soplisticated not only because of 1ts mathematical basis, but also because
of the advanced practical Imowledse of the heavens 1t represents:

1. The planetary bodies are spheres that shime by reflected hght.

2. The bodies mowve about a center (which 1= neither the sun nor the earth, but the central
fire_.. the watchtower of Zeus|.

3. The principle of lunar and solar echpses was understood.

In another sencze their model was disturbmgly primitive and represented a step baclkwards from
the Iomans m that a compromise was made with the deistic orthodosy of the time [or wath thewr

own mystical sentiments) — for celestial ohjects, whether divine or not, at least exhibited "divine
perfection.” Such was the bepmmming of a long senes of retrenchments.

By the time Flato established the Academy 1n the 4th Century, the scope of philosophy had
broadened to mchide concerns of the state, society and the human condibion generally. Plato only
dabbled in cosmology fwhich was still the mam focus of natural philozophy) and his importance 1s
mamly measured by the influence he had on members of the Academy. Most sigmbicant was his
emphasis on gecmetry. To Plato, peometry was the smmpular trmumph of man's mtellect whereby he
was able to mampulate the perfection of 1desl figures. Indeed, Plato viewed gecmetry as the
fundamental principle of order 11 the umverse, a principle to prownde not a descrniphon of the
heavens but rather a means for understanding, for malong sense of the celestial scheme. The
following two gpuidelines summanze the Academy's' geometrical approach to cosmology.

1. Umniform, circular motion of the heavenly bodies must be a basic ingredient of any theory.
Az Anstotle freely admits, the justification for such a sweeping rule stems from that
period's developimmg dogmatic regard for divine perfection:

From the Heavens other things denve thetr existence and hife.. so the popular idea aboudf
ditnne, celestial things s that, bemg primary and supreme, they are necessarily unchanging.
Thais confirms what we have already samd. For there 15 nothing else stronger that the
Heavenly Sphere that could make it alter — smee if there were, ©f would have to be more
perfect. Whereas the Heavens have no defects, and are all they need to be. 5o the
unceasing movement of the Heavens 15 perfectly understandable; everything ceases fo move
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when it comes to tfs natural destmation, but for the body whose noatural path 15 a arcle,
every destination 1s a fresh starfing pomnt.

Although marnfestly not objectrve, such a step was a crucal step since 1t allowed them to
procesed with thewr cosmological modeling wathout a specific understanding of motion of
bodies [or, i modern hmd=sight, wathout a theory of gramty].

2. Their circular paths must be concentne with the earth. Geocentricity was more of an

athtude than a well-formulated and recopmized assumption. The earth was presumed to
bea the center of the unmvercze.

Flato's model conzisted of & geocentric spheres rotating on a common ass all at different rates.
The mnermost carned the moon, the next carmned the sun and the following 5 the koown planets.
The eighth sphere that held the stars completed the set. But what agency gives movement to this
mechamsm? At thas pomnt Flato lapses to mythology-

The axle turned on the knees of Necesstfy. Upon each of is crrcles was a Sren, who was
carmied round wath tts movement and gave outf a single sound of constant pitch, so thot all
eight between them made up a smole scale. Kound abouwd, af equal distances, the thres
daughters of Necessity-the Fates-were seated on thrones, robed m white unth garlands on
thetr heads. These were Lachesis, Clotho, and Atfropos, and they charnded to the music of the
sirens: Lachesis of things past, Clotho of the present, and Atropos of things to come. From
fime o time Clotho lmid her nght hand on the outer nm of the axle and helped fo turn o, while
Atropos hkeunse turned the inner crcles wath her left hand and Lachesis fook hold
alternately of the inner and cuwler circles wath etther hand.
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But the use of allegorical fipures was not considered to be the weakest
element of the construction — there was a more troublesome problem.
The model simply did not even qualitatrvely prescribe the observed
motions of these bodies. The obwvicus difficulty was not wath the sun,
moor, nor stars; the crisis mvolved the planets, which were well
Imowm [even by the Greeks whose dedication to observing fell far short
of the Mezopotamian's| to move m a highly non-uniform wagr,
occasionally even stopping and reversmg dmection relative to the
baclkpround of stars. This phenomenon, kmown to us as "retrograde
motion,” 15 easily understood 1n terms of our modern heliocentrnic
picture of the solar system. As seen mn the accompanying diagram, the
line of sight from the earth to Mars shafts relative to the backeground of
distant, staticnary stars because the earth moves more quickdy 1 1ts
orbit, periodically overtalong Mars., This blatant discrepancy between
theory and ocbservation only fusled their resolve to reveal the true
mechamism behmd these seemingly 1rregular appearances. The
challenge was to explain apparently non-uwmform, non-crcular mohon
mn terms of some construction myvolving geccentnc spheres m wriform
motion.

Fig. 2a.
Mars's retrograde motion.,

Eudomus, another contemporary at the Academy, came up with an
mgerously contrived vanation on this theme. Each planet was
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