Astronomy
Course Outline
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CosMoLoGY MARCHES ON




The Ancient Universe -
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19th Century Problems with Newton’s Universe

eOlber’s Paradox

e2Nnd Law of
Thermodynamics

eMichaelson-Morely
Experiment



Olber’s paradox

Universe of siars

observer
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2nd Law of Thermodynamics

(at) Ene rey
transformation
of some kind

S

-

— A measuring de-vice
‘ indicates that the total
- - energy does not change.
The First Law of Thermodynamics. The total by &
amount of energy before the transtormation :
equals the total amount after the transformation.
(b Energy Free energy is available
transformation to do work.
of some kind "Ny
L B~
Usable energy atter
Energy mmp | s
babors i {free E?n]'

This energy is not
available to do work.

.
The Second Law of Thermodynamics. Although a transformation
does not change the total amount of energy within a closed system,
after any transformation the amount of free energy available to do
work is always less than the original amount of energy.




19th Century Problems with Newton’s Universe

eOlber’s Paradox

e2Nnd Law of
Thermodynamics

eMichaelson-Morely
Experiment



Michaelson-Morely
Experiment
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The structure of the Universe
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The structure of the Universe




The structure of the Universe




The structure of the Universe







Hubble’s Law - A galaxy’s speed of reccesion from us
is directly proportional to its distance.

‘Edwin Hubble‘




This linear relation is observed from all places - the
Universe has no centre.

80,000

70,000 //
60,000

50,000

40,000

30,000 /
20,000 /

Velocity (kilometers/second)

10,000

2 billion 4 billion
Distance (light-years)




The Big Bang - Universe is Born




The Big Bang - Universe Expands & Cools




1/2 million years - Matter & Radiation Separate




1 billion years - Galaxies Form
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As the Universe expands, galaxies appear to rush
away from each other
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15 Billion Years - Presel@ Day
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A Modern Yiew
of the Origin of
the Universe

With a new
Afterword

on recent e
cosmological '
research :
.
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The First Day

Big Bang Theory
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Expansion & Cooling




Predictions of Big Bang Theory

The Universe Is homogeneous and isotropic (very
smooth)

But not too smooth...

The ratio of H/He (about 75% H, 25% He)
Trace abundances of D, 3He, Li, Be

The cosmic microwave background radiation
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The Universe is Homogeneous and Isotropic
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Homogeneous: looks
the same at all
locations

Not isotropic

Isotropic: looks the same
In all directions
Not homogeneous



Looking afar is looking far back in time
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The First Day

Big Bang Theory

Temperature (K)
1|014 | 1|012 | 1|010 | 1|08
QUARK HADRONL LEPTON ERA L RADIATION ERA
19.@ o
Ve — -
=0 39 @) >  ere, photons SPhotons dominaté— >
Ve p.n,m.... GNJ )
free —— bound ® | E rT T
= ¢ T iz
A n +A— 1 i
qq <> E pp <> E - efe” <> E 3 O :T% >p, e 11
Matter: 109+1 (p) o bl 8 5 12T gpHet 12131
Anti-matter: 10° (p) O et,y : 109 g D ::‘.l_ L P Y 1:10°
| op B2y ie+e— Py i —
| |(ei’"i-|’y"") | | —oin |—>1:1:| 7:1 : | | Il | |
10-8 106 10-4 10-2 1 102 104 [
Time (s) 1 day

Expansion & Cooling




How did the Universe get
clumpy on the small scale?

This is the big-question in
cosmology today




Anisotropy Power

6000

5000

4000

3000

2000

1000

llllllllllLllllllllllllllllllllllllllllllll 1111

¢

Multipole moment [

500



Matter: dilutes as the Universe expands /_-.\[\
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An 'Open Universe’..

(A)BEGINNING  (B)BILLIONS OF (C) PRESENT (D) FUTURE
YEARS AGO ™
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...the expansion goes on forever.




Closed Universe

Flat Universe

Open Universe
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The First Day
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Traditional view of the

fate(s) of the Universe

scale of the universe
(separation between galaxies)

A

open (ever expanding) Q<1

flat Q=1

closed (ultimately
collapsing) Q>1

Big Bang

- present

I
Big Crunch
time

>




rotational velocity

bulge

disc

distance from centre



74% Dark Energy

disc

actual

. —

distance from centre



In 1998 it was discovered
that the rate of expansion

iS accelerating. : e

expansion
rate

accelerating
expansion

¥
~" decelerating
expansion

scale of the universe
(separation between galaxies)

| | .
ractual age« present

+—Hubble time—
time




The Big Rip[——;

Big Bang
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