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Antikythera Mechanism: 15 century B.C.E.
Earliest (known) cosmological model...




The Wallingford clock: 15 century C.E.
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A More Fundamental Understanding




A universal model of the Solar System

“Planets”

“Dwarf Planet” “Plutoids”

What about Everything Else?




1905-1925:
Two Remarkable Decades.

Crossword Puzzles
Fortune Cookies
Traffic lights
Television
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General Relativity
Universal Expansion
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Albert Einstein, and his General Theory of Relativity
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... and Hilbert, Lemaitre, Friedman, Robertson, Walker,
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New Observational data = Empirical Laws
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A More Fundamental Understanding




Distance Scales in our Solar System

ht minutes

43 light minutes )
> 4 light hours

“Planets”

“Dwarf Planet” “Plutoids”




100,000 light years
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100,000 light years
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Image credit: NASA, Astronomy Picture of the Day




Image credit: NASA, Astronomy Picture of the Day




Distance to a typical “nice” star =25 1y
Suppose you figure a, way to travel @ 7% speed of light
It will take you 67 years to get there and back

Your twin will have aged 34 more years than you!
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Ancient, distant galaxy
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Younger, closer galaxy
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Ssummary:

Our Universe is filled with galaxies like our own
It looks the same in every direction

It seems to be expanding
We have a physical theory that

- is (mostly) consistent with the data’

- makes predictions that we can test

“we’ll get to the “mostly” bit later




Back to the Expansion of the Universe

FIGURE 1
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History of the Universe

Cosmic Genesis
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1998-2000:
Two Remarkable Years.
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Universal Acceleration

Background to a flat Universe

NNA vruses o




History of the Universe

Cosmic Genesis

Neutrino Decoupling
Nuclear Synthesis

Matter/Rad1at1on

..Q
wl

Re-1on1zat1on

L & >
Earth forms
Present ng

9 gq11ion yeéns'
‘ e

10732 seconds
(ten billion billion
K)

1 second
(ten billion Kelvin)

10-100 seconds

(one billion Kelvi
10,000 years
(20 000 Ke1v1n)

~1 biﬁiion'yeirs :
%30 &e]vi 1))

14 billion years
*3 Kelvin)

Size of the

The ACDM Cosmology:
Universe
— Only Six Parameters!

N

A, N,

Primordial fluctuaticns

--Q.h?, Q.h?, Q h?

\ \ Dark Energy
Dark Matter

Baryonic Matter
(usual stuff)

— A measu.c ui when the
first stars began to form
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More fundamental Understanding? -~ -
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What is Universe made of?
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(we have no idea.)
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Summary:

Our Universe is filled with galaxies like our own
It looks the same in every direction
It seems to be expanding
We have a physical theory that
- 1s amazingly consistent with the data
- makes predictions that we can test

... as long as we accept Dark M~*' "k Energy, and

an extremely ur~* o€ (Cosmic Inflation)

Where did this Universe come from¢%
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Virtues of Inflation:
Lack of Magnetic monopoles
Euclidean Geometry (flatness)
Homogeneity and Isotropy
Seeds of structure formation
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Summary:

Our Universe is filled with galaxies like our own
It looks the same in every direction
It seems to be expanding
We have a physical theory that
- 1s amazingly consistent with the data
- makes predictions that we can test
... as long as we accept Dark Matter, Dark Energy, and
an extremely unstable Universe (Cosmic Inflation)
In the next 5 years:
- observational data probing the Origin of the Cosmos
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