HW2: due Jan 23

: download from the usual place
https://faculty.washington.edu/balick/astro190/Homework/HW?2.pdf



[he Stmplest Universe

*Infinite
*Ageless
# Static
* Empty




It's not just a good idea.
It's the Law.
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Newton’s Conundrum

Why hasn’t the sky fallen?
* Infinite Size

* Finite Age
* Expanding




% pping Ahead




The surface looks
round if you're big




N

The surface looks
round if you're tiny
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The Stretching of Space

Cosmic background
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Things evolve rapidly at f METRIC”

“Inflation”



Thlngs evor\!e most rapidly at first

—0 ¢~ Time increases logarithmically

10-32 10-6 100 100 million 500 million
second second seconds years years

Cosmic Protons Deuterium, First stars Current
inflation  form helium and form record holder
ends lithium are for earliest

synthesized known galax

4 billion
years

Star
formation
peaks




Where are
- You?

- Youngest Galaxies?

- Contemporary Galaxies?
* Nearby Stars?

- Big Bang?




Essential Cosmolegical Observations
WE WILL RE-INTRODUCE AND DISCUSS THESE LATER
1. The'Universe is not empty
2. 1 he nightiskyasddrk
3. The Universe is expanding (Hubble Law)
4. The expansion is accelerating

58T he]physicalfstatelofimatteevolves)
(hotidcolddensepdsparseietc)

6. The lightest elements came first
6a. Deuterium/Hydrogen (ZHlle ~ 0.01
7. Cosmic Microwave Background (CMB)
radiation is ubiquitous

8. The "Cosmic Web": from CMB ripples to
filaments of galaxies and clusters

“Dark Matter”: dominates cosmic mass-energy now
“Dark Energy”: the latest and biggest enigma




the

al

tracers of space
Lre

Galaxies

A W




Space is really large!
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(how far away @%@W distant visible object?)




Space js Malleable!




The Shape of Space:

The shape of space is set at t=0, its size will change

Open
Infinite, positive curvature
Fate: expand forever

Just right

Zero curvature
Fate: expansion stops @ t = o

Closed

Finite: negative curvature
Fate: collapse




cxpansion of Space:
separations of two marxers

£

Expanding Space: separations steadily increase




Undarsizneding Cosnalosy

Guiding Principles




Preparing for Cosmology
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W1 Physical Processes
j determine outcome

“Do you know why the universe works so well?
God runs it like a business, that’s why.”




Cosmological Principle |

“Uniform Physics"”. The same set of
physical laws apply everywhere and everywhen.
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Presume that the Uni\)erse is d big dumb machine,
that mindlessly‘and eternally obeys the same
monotonous ph‘fsical laws, always and everywhere.
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”Copern/can Prmcip/e” the Earth anc/ Ty
solar systern are typical, not special |

Olir view of the Universe’is also 't-ypicar.

The entire Universe looks much thé same . ®
and.behaves in the same Way every. .
Where - .

" #All cosmic astronomers will agree on the

“ - currént stanshcai properﬁes of the,

Un/verse
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Cosmo}ogigal Principle 11
SYEvolulonary Uniforraity
2 .. ==
/(i time).
The-gross properties of the
Universe can evolve through time

(at.any and every.given time, the spatial uniformity is maintained)

The Universe that we see today
hasn’t necessarily always been

this way.

Fortunately this is easy to do! (Why??)



Big Bang Cosmology
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BIC- BANCG COMmIX Dacrtie

£ WHOLE LOT OF NOTHING...

THE BI& EMPTY...

STILL ZILCHVILLE...

DIDDLY-SQUAT-0-RAMA...

SUDDENLYT |

AT LONG LAST — STUFFr

NEXT WEEK: ORIGINS OF THE THEORY OF CLOSET SPACE
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.+ [13:8 billion light years




