Cosmology: A Cosmic Perspective

Chapter 3: Losing Faith

In the history of cosmological thought, the early Greeks were anomalies because of their
formulation of understanding of the natural World carefully based solely on a priori principles
produced by imagination and reason. This approach extended up to Plato and his geometrical
foundation for making sense of celestial motion by incorporating notions of the perfection of
spheres, uniform circular motion and obvious necessity for geocentricity. However, in a few brief
years there was a transition from the cerebral metaphysics of Plato. This change spanned the
revisions and modifications of Eudoxus, the empirical adjustments of Callipus and culminating in
the insistence of Aristotle that the model not only be evaluated by its ability to survive direct
confront with the observed facts (a view not necessarily characteristic of his approach to other
problems in natural philosophy), but also that it be formulated in a manner that is motivated
those facts. Through this awareness of astronomical data some fundamental concerns began to
be raised: Arethe spheres really concentric? Is the basic motion really uniform? The existing
schemes did not account for two well-observed facts:

1. Thechanging size of the moon throughout its orbit and the possibly related change in
brightness of the planets that was correlated with their retrograde motion.

2. The motions of the sun and moon were decidedly non-uniform. For the sun, theinterval
from winter solstice to vernal equinox being several days shorter than that from summer
solstice to autumnal equinox. Existing models could not account for this variation.

The first assault on this problem was a major tinkering with the model by Heraclides of Pontus, a
contemporary of Aristotle. His conclusions were two-fold:

1. Because Mercury and Venus are always found to be close to the sun, they should be
considered to orbit that body and not the earth.

2. Instead of spinning the celestial spheres to give the rapid east-west motion of stars,
planets, moon, and sun across the sky, the same illusion of motion would result if the
earth were spinning N but the cause would be "much less violent."

Almost a century later the ideas of Heraclides were carried past the point of tinkering by
Aristarchus of Samos (310-230 B.C.) who suggested a major overhaul: in addition to the daily
westerly motion of sun, moon, and stars, the annual motion of the sun against the background of
starsis also an illusion. So, in addition to Mercury and Venus, Aristarchus simply put the earth
in an annual orbit about the sun. Furthermore, since these three planets were "attached" to the
sun why not the remaining bodies: Mars, Jupiter, Saturn and even the sphere of stars. With the
moon still orbiting the earth he completed his heliocentric model of the cosmos that would become
food for thought during the Renaissance. From a subjective point of view geocentrism is so
strongly suggested by the motions of the moon, sun and stars that it seems beyond question. By
ignoring the obvious (but making an exception of the moon) and placing the sun as the hub of the
planetary motion, Aristarchus chose a very special configuration from many possible
combinations. Perhaps he was aware of all the advantages of such a choice. We have none of his
writings, only very brief, second-hand accounts from which we know only that he did seek to
explain the changing brightness of the planets with this thoroughly counter-intuitive model.
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Clearly, it was, from our viewpoint, a bold, brilliant, but apparently isolated idea. Why did it fail?

1. Knowledge advances when a fundamental insight becomes common sense. For his
contemporaries the validity of these ideas was hardly self-evident, and it appears that
Aristarchus did not champion his ideas, nor develop them in sufficient fullness to show
the impressive range of observational detail that they could explain.

2. It did not reply to the questions that needed answers at that time: the changing size of the
moon, or the unequal length of the seasons.

3. There were a host of dynamical arguments against a moving earth:

If the Earth shared a common motion along with all other massive bodies, it would
soon leave them behind--traveling faster on account of its greater size-so that animals
and other heavy bodies would be left with no more visible means of support than the
atmosphere; and before long the Earth would even disappear out of sight. These
consequences are too ridiculous even to imagine. And with regard to a spinning earth:
Neither clouds, nor projectiles, nor flying animals, would ever appear to be moving
Eastwards; since the Earth would always travel faster in that direction then they did,
and would outstrip them by its own Eastward movement. The result would be that all
other bodies would seem to be falling back towards the West.

4. There were serious reservations about the size of the Cosmos as implied by Aristarchus's
model. If the earth moved about the sun that is at rest relative to the fixed stars, then that
annual motion relative to the stars should be observed as a change in brightness
corresponding to the variation in distance-and none was observed. Amore sophisticated
objection was based on the lack of annual motion of nearer stars against the background
of distant stars, a phenomena now known as stellar parallax. This perspective effect is
similar to the apparent looping motion of paths of the planets referred to earlier as
retrograde motion.
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Background starse - Fig. 3c. Stellar parallax is simply an apparent shift in
b w position of a nearby star relative to distant stars. The
: : perspective arises from the annual motion of the earth about
the sun.

Aristarchus® contemporaries may have reasoned that if this
model were correct, the fact that stellar parallax was not observed
implied that even the nearer stars would have to be extremely
remote. The Greeks were prepared to accept a large, but finite
cosmos, but with Aristarchus it would have to be incredibly large.
As Archimedes comments in the Sand Reckoner:

Fareground
star

G\s you know, the name "cosmos" is given by most astronomers to
the sphere whose center is the Earth, and whose radius is equal to
the distance between the centers of the Earth and the Sun; this you
have seen in the treatises written by astronomers. But Aristarchus
of Samos published a book of speculations, in which the initial
assumptions led to the conclusion that the World of the stars is very
much larger than what is now called the cosmos. He supposed that
the fixed stars and the Sun are stationary, that the Earth travels
round the Sun along the circumference of a circle...and that the
sphere of the fixed stars is so vast in extent that-by comparison the
supposed circular orbit of the Earth is, in effect, no larger than the
central point of a sphere compared with its surface.O

Aristarchus' contemporaries apparently declined to accept the
incredible. His model may have been just a hunch and was
treated as such. Clearly it would have been less that fully
rational for them to accept such a speculative view given the
context of ideas and observations available at that time. However
it is difficult to defend the public reaction against Aristarchus N
he was charged with impiety for such ideas and forced to flee the country. How much had
attitudes changed since the time of Anaxagoras?

The revolutionary ideas of Heraclides and Aristarchus are a refreshing diversion for us, but these
notions, which presumably retained concentricity and uniform circular motion, did not resolve the
major issues of thetime: the changing size of the moon and the non-uniform motion of moon and
sun. Furthermore, difficulties were being compounded. The eastern conquests of the
MacedonianOsvere responsible for an influx of vast quantities of astronomical observations from
Mesopotamia N data that showed how painfully inadequate the model of Aristotle-Eudoxus-
Callipus really was. These same conquests brought Hellenistic Greece under increasing influence
of Oriental and Egyptian mysticism.

The combined impact of these broadening horizons was to cause 2nd Century (BCE) natural
philosophers to begin to doubt the value of fundamental principles upon which one could build an
understanding of the natural world. The proud, classical Greek intellectual enterprise had fully
collapsed 300 years later as we can see in the legendary astronomer Ptolemy® writings:

.... physics would have to be expounded in a speculative rather than a scientific manner;
because the material things which are its concern are so unstable and difficult to fathom that
one can never hope to get philosophers to agree about them. The systematic study of
mathematical theory alone can yield its practitioners solid conclusions, free of doubt. This,
then, was the sort of theory we decided we should study, concentrating on its application to
things of a divine and a celestial kind. Claudius Ptolemeus (2nd century CE)
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In spite of the influence of Aristotle, rational cosmology, the cosmology of cause and effect, was
largely abandoned by the time of Ptolemy. The goal of cosmology had been redefined, retracted to
surer ground. His effort was to represent only mathematically the celestial motions, bringing new
meaning to the Greek phrase we translate as "saving the appearances".

Fig. 3d.

This loss in faith of the eventual triumph of
rationalty had small beginnings centuries earlier.
Apollonius of Perga set himself a vaguely heretical
task back in the 3@ century (BCE): how can one
take the familiar dual geometrical guidelines of
Plato and bend, shape, even stretch them if
necessary, to provide a better quantitative
description of planetary motion. Part of the key to
success was the epicyclic construction illustrated
in Fig. 3d. By having each planet move along its
own secondary circle (the epicycle) whose center,
. point c in the diagram, moves along a guiding

& circle concentric with the earth (the deferent), all
kinds of possibilities emerged. Retrograde motion
is a natural outcome and necessarily involves
changing distances between earth and planets.
Furthermore, when used cleverly the non-uniform
motion of the moon and sun can be reproduced.
Apollonius had set the stage for change.

fpicycig

Epicycles answered some of the questions of the day when put to work by the great astronomer
Hipparchus (~100 BCE). They were much later extended and embellished by Claude Ptolemy to
provide a surprisingly precise representation of the motion of all the planets plus sun and moon.
This was another great triumph of geometry, which Ptolemy also considered the noblest
accomplishment of the Greek mind. But unlike the scheme of Aristotle, there was no demand for
economy or unity. There was not one mechanism, nor even one kind of mechanism. The various
elements used by Ptolemy (equants, epicycles, and eccentrics) were employed in a different way for
each planet; the overriding concern was for precision. Each planet was therefore treated as an
independent problem, exploiting the
available geometrical schemes to optimize
agreement between model and data, and
thus the ability to predict accurately the
positions of bodies. There was no concern to
find the cause of motion, to expose the
underlying fabric of the heavens.

Planet

Fig. 3e. The epicycles of Ptolemy.

This construction is considerably more
complex than that of Appollonius. The
epicycle moves about the deferent, which
isacircle not centered on the earth.
Furthermore, uniform, circular motion of
the epicyclic center is executed about
still a third point, the equant.

Success was achieved by synthesizing a
representation of the observations, but there
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was no interest to reveal the nature of the cosmic mechanism. We are half way back to Babylon!
Not only was there a well-developed distrust of rationalism, but a breakdown in the distinction
between cause and effect on one hand and magic on the other. Ptolemy speaks to this situation
directly:

Suppose, then, a man knows accurately the movement of all the stars, the Sun and the Moon,
and overlooks neither the place nor the time of any of their conjunctions... and from these
data is able to work out, both by calculation and by successful conjecture, the distinctive
effects which will result from the combined operation of all these factors: what is to prevent
him from telling how the atmosphere will be affected by the interaction of these phenomena
on any particular occasion--e.g. that it will be warmer, or wetter? Why should he not, in the
same way, by considering the nature of the astronomical environment at the time of his birth,
work out for any individual man the general character that his temperament will have, for
example, that he will have such-and-such bodily or mental characteristics?

Fig. 3f. A
simplified,
pictorial
representation of
PtolemyQ®
geocentric model

If Ptolemy's model does not attempt to explain how the Cosmos "works" (by his own admission), so
what good is it? His answer is clear and confident N it has a higher purpose, to predict human
destiny. Ptolemy's Almagest, his great summary of the observations and theories of Greek
astronomy, including his work, was only a compilation of fundamental methods and data for a
greater, higher task. The key work was another work of Ptolemy, The Tetrabiblos, the sourcebook
of astrological methodology. Ptolemy and his contemporaries were not driven by a thirst for a
rational (scientific) understanding of the cosmos, but the promise of practical knowledge of the
fate awaiting individuals.

By the 2nd Century CE, astrology stood at the center of public interest-the motion of heavenly
bodies could be precisely calculated in advance. Unlike the ancients, the Alexandrian scholars
were impressed by the regularity of the Cosmos, not its apparent vitality. The configuration of
planets and stars were considered as mystical causes, not signs. But as with the ancients there
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was still a strong sense of resonance between the heavens and earth, and who knew to what level
the correspondence might extend?

Apparently, the cosmological quest had degenerated to a study of what modern science would
consider an aberration of human mentality. Why even discuss this historical episode?
Historically, we need to appreciate that this magical view of our relation to the natural World was
to profoundly influence cosmological thought well in to the 18th Century, and perhaps beyond.

Not only had rationality evaporated and astrological belief become a major intellectual current,
but also there were additional dark (but fruitful) aspects of the developing medieval mentality N
the prospect of a shortcut to knowledge, replacing rational inquiry. Perhaps the workings of the
heavens could not be discovered through ordinary knowledge, but only through divine revelation
N a personal spiritual connection with the cosmos. This was the wellspring of occult knowledge,
the dream of the book of the ancients in which the truths of the ages, the cosmic secrets, were set
down to be later rediscovered by the mystically privileged. The dream of the pre-Socratic Greeks
was dead N the same death knell tolled the ascendancy of a distinctly Western mystical tradition
that persists in many forms to this day.
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