Cosmelogy: A Cozmic Perspective

Program 1: Skies of Sumer

Our minds are continucusly precccupied by an endless seres of everyday matters--from zhoe
tving to television watching, Distraction and drversion misht even be considered te play a2 baszic
role 1n cur culture; perhaps because beneath the flurry of practical and incidental considerations
lurk questions for which we have no zatisfactory answers-the kind of tantalizinghr ominous, avan
vaguely dangercus guestions that break to the surface when one 1z quietly gazing at a starry sky
on a clear, dark, moonless might. They are not :mall questions: What doss 1t mean to existin a
unrverse of incomprehensible size? Is the unrverse perhaps infinite 1n space and time? If the
unrrerse evolves, are we swept towards anmhilation or eternity-what 1= the fate of the universa?
Such concerns are 1n a sense primerdial: they have, 1n some form, lain at the base of the brain for
thouszands of generations.. . waiting. Stripped of romance these questions come out hks: What 1s
the structure and evelution of the universe? How does it work? How does it fit together? What 15

the underlving order that explains the "world"? These are the questions of cozsmology-the scheme
of the universe as a whole.

The actual questions change from era to era, depending on what needs to be explained and the
kinds of answers that are deemed satisfying. For the Mesopotamian ancients there were the
clearly predictable, orderly, celestial phenomena that had obzervable correspondence to rhythms
on Earth. For them the problem was: What do eclipses, phaszes of the Moon, positions of Sun,
hMoon and planets mean for the lives of men? For the early Gresks: What was the mathematical
(and later machanical?) principle that explained motion 1n the heavens, especially the planets
among the stars? Following the sobenng aberrations of medieval science, these same guestions
about motion and mechanizm were attacked with new optimizm by the fisures of the Ranaizzance.
Today we ask: Is the unrverse finite (vet unbounded) or infimite? Will it stop expanding or
continue forever? For the future, we see gquestions on the honzon such as: How did the universe
come 1nto being? Why 15 there something instead of nothing? Why thiz kind of something?
Considering man as an extenzion of the unrverse come to self-awareness, does man's role
tranzcend that of an obzerver?

Clearly cozmology provides an enduring hink between philosophy and science for it 13 always
formulating questions that seem to hie at or beyond the boundary between the knowable and the
unknowable, alwavs forcing the intellect to take a new step. In the past, such guestions have not
always been pozsed 1n scientific terms, nor 13 1t clear that we mest them wath total objectrity
today-an observation that brings us to the goals of this course. First of all, this 13 an introduction
to modern cosmology that 1n 1fs advanced form 15 a highly technical subject, and despite the
susplcions mntroduced in the previous statements, 1t 1= not built on vague notions or daydreams,
but zpecific concepts of physical science. One goal then 15 to infroduce theze concepts and when
coupled with astroncomical obzervations, to develop a substantial framework for understanding
the nature of the unrerse. Clearly zuch a goal cannot be attained without some quantitative
reasoning, charts and diagrams, and even a few equations. These are not infroduced to dimimizh
the magic of a starry nmight, but to enhance one's appreciation and understanding.

Parhaps I should add that this 1z not a course about stars, planets, and comets, ete. Although wa
will mention these, our concern 1z not so much with the contents of the unrrerze as with the

nature of the unrrerze as a whole, 1ts structure and evolution.

We not only aim for an understanding of the modern 1deas about cosmology, but also how we
have come to hold theze 1deas-thiz 15 the second goal. Arrrving at our present viewpoint has been
a long and difficult tazsk. We will ask what have been the kev questions, crucial observations and
inzights (or oversizhts), the blind spots, the dogma, the stumblhng blocks. Then to see our present
scientific problems 1n the context of the history of efforts and achievements must necessarily raize
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scale now some 10 lght years.

guestions such as: How much
have we really progrezsed? How
objective are we? How much are
present concepts, however
sophizticated, based ultimately on
dogma? This then 1z the third and
mozt difficult zeal to attain, to
strive for a cosmic perzpectrre--to
be as free as possible from the
accumulated "scientific”
preconceptions and dogma of past
centuries.

Fig. la

The reverse 1z also true. To
appreciate past efforts. one must
be aware of the present viewpoint.
Becausze cosmology 1n the past
{most of natural science 1n fact)
even up through the Esnalzsance
was mainly a study concerned with
the organization, size and motion
of the solar system, we fortunately
nead only review the modern
astronomical picture of the spatial
organization and relative motions
of the contents of the unmerze. In
the accompanying diagram, Fig.
la, we zea the hierarchy of
dimenszions of the modern unrrerze
portraved by a series of concentric
boxez. Even during the
FEenaiszance only the "erackpots”
considered the universze to extend
bevond the inner region of the
second box. Perhaps the
heliocentric planetary svstem
represented there seems now to be
a matter of common sensze; but the
hiztorical record makes clear that
such a concept 13 hardly sali-
evident. With regard to meotion,
the Earth orbits the Sun at a speed
of 30km/zec. But the Sun 13
hardly stationary; it orbits the
center of our galaxy at about 230

km /zec, completing one revelution
1n about 230 millon vears. The
galaxy as well 15 moving at a rate
of several hundred km/sec relative
to its galactic neighbors 1n the
diraction of (falling toward) the
large group of galaxies known as
the Virgo cluster. And relative to
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what object can one measure the mohion of the Virgo cluster? At what scale must such
comparizons stop? Such guestions are largely cosmological and will come up again much later in
the courze.

Let's start near the beginning. Imagine people as intelligent and non-objectrve as us, yet bereft of
30 to 40 centuries of accumulated common sense, the kind that comes from repeated tnal and
error confrontations with the physical world. How would zuch people seek anzwer to gquestions
(which from the beginning have seemed of prime importance, no matter how vaguely formulated)
about the nature of the Earth and sky around them...the unmwerze. Such was the condition of the
Sumerians and subsequent Mesopotamian crvilizations and of the Egyptians. The zkies of Sumer
weara untouchable, and seeminzly unknowable but 1nescapably observable and zo0 had to be
defined, described and dealt with on an evervday basiz. Az might be expectad, their response to
thiz intellectual crizis was less than objective but nonetheless satisfying 1n a manner that may
cause us to reflect on the foundations of our own 1deas. Their response was the pretense of
knowledge, fantaszy, the construction of mythical cozsmologies-which even if not convincing to the
originators, became (after several generations) quite comforting simply through famiharity and a
willngness to presume authenticity.
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Fig_ 1h.

A world-view of the ancient Egvptians, showing the starry heavens reprezented by the
goddess Mut, with her body arched over the Earth (the rechning figure decorated with
leaves). The ship of the sun 15 shown 1n both rising and setting positions.

Early world pictures had a strong common elament-the sky was a window to the supernatural.
There was an absclute distinction between heaven and Earth, between the realm of the gods and
the world of man. But there wasz also an interesting but understandable confusion about the
contents of heaven: stars, planets, comets, meteors, auroras, clouds, hghtming, hail, rain and

even locusts. All different, but how different-where does one draw the hine between celestial and
terrestrial? (Mot that todav we are trving to decide whether gquasars are relatrvely nearby or lie at

extreme, "cosmological” distances).
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