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Getting our bearings : how big is the Universe?
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Getting our bearings : how big is the Universe?

http://map.gsfc.nasa.gov/resources/animconcepts.html




Getting our bearings : how old is the Universe!
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My lifetime ...
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Getting our bearings : how old is the Universe!

Extinction of the

dinosaurs ... 12
(65 million yrs) 11 \f 1




Getting our bearings : how old is the Universe!
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Getting our bearings : how old is the Universe!

Formation of our

galaxy ... (approx. 1 >
10 billion yrs) 11 1




Getting our bearings : how old is the Universe!

Formation of first

stars ... (approx. 11 12 1

| 3.3 billion yrs)




Getting our bearings : how old is the Universe!

The first light we
can detect (13.7
billion yrs)
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(1) The Universe is expanding

http://snap.Ibl.gov/multimedia/animations/




(1) The Universe is expanding







(2) The Universe is a time machine

Useful fact:
Light travels at

300,000 km/s




(2) The Universe is a time machine

http://hubblesité.org/newscenter/archive/
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(3)The Unlverse was much hotter in the past

["COSMIC MICROWAVE [
{  BACKGROUND |
RADIATION
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(3) The Universe was much hotter in the past

' The WMAP satellite -




The Universe was much hotter in the past
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(3) The Universe was much hotter in the past

http://map.gsfc.nasa.gov/resources/animconcepts.html
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(3) The Universe was much hotter in the past

http://map.gsfc.nasa.gov/resources/animconcepts.html




(4) The expansion rate is speeding up

NGC 4526
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(4) The expansion rate is speeding up
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(4) The expansion rate is speeding up

Difference: 1997-1995

Distant Supernova in the Hubble Deep Field HST « WFPC2
NASA and A. Riess (STScl)  STScl-PRC01-09




(4) The expansion rate is speeding up

Faintness of supernova
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Looking back in time
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Faintness of supernova
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(4) The expansion rate is speeding up

Faintness of supernova
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Looking back in time




Putting it all together!

Inflation

Expansion
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The Universe is expanding

Peering deeper is looking back in time

The Universe used to be much hotter

The expansion is speeding up




Cosmology FA.Q.

Q. What is the Universe expanding into !

A. We cannot observe anything outside the Universe, as far as we
know. Therefore science cannot address this question.

Q. Where is the edge of the Universe !

A. The whole Universe is infinite in extent and has no edge. The
observable Universe - the bit we can see - has a size equal to the
distance light can travel since the Big Bang, |3.7 billion years ago.

Q. What happened before the Big Bang !

A. We cannot observe anything before the Big Bang, as far as we
know. Therefore science cannot address this question.




Mapping the

Universe




What is the Universe made of?




ark matter

NGC 3370
4




Dark matter

Observed

Expected

Rotation velocity —>

Distance from center of galaxy —>




Does that explain everything?

coasting




Does that explain everything?

future

present




The cosmic tug of war

Cosmic tug of war

The force of dark energy surpasses
that of dark matter as time progresses.

Dark Matter
constrains

F s

Dark Energy

BIG BANG




What is the Universe made of?




Our own backyard ...




Our own backyard ...

SMC




Our own backyard ...

The

LOCAL
GROUP

Figure 15,17 Thase ore the gulaxies of the Local Geony,
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How can we make a map of the Universe!
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Useful fact : the amount of redshift of the
galaxy light tells us how far away it is




How can we make a map of the Universe!
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How can we make a map of the Universe!

s Amount of light

Blue light Red light
Move further away...

Amount of light

Shift in spectrum of galaxy tells us how far away it is




You are here







A new and larger map

Previous maps
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The Universe inside a computer ...
z =20.0




The Universe inside a computer ...

Dark matter? Dark energy!?

Cold Yes

Warm

Hot




Mapping the Universe
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® The redshift of a galaxy tells us how
far away it is

® The patterns in the galaxy map tell us
about the properties of dark matter
and dark energy
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