Lecture 7
Dynamics of the Universe

Solutions to the Friedmann
Equation for R(t)
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Hubble Parameter Evolution -- H(z)
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Einstein's biggest blunder. (Or, maybe not.)

Static models unstable.
. . R /
Fine tuning.

AS 4022 Cosmology



Empty Universe (Milne) h

RZ_(SJIG,O+A

)Rz—kc2
3

Set p=0, A=0. Then R’=-kc’

— k= -1 (negative curvature )

R

=c, R=ct
; R
R 1

H=—=-
R t

age: t—RO—l
. H,

AS 4022 Cosmology

N

n"ablig‘barllg‘ N
@)

7= |

Vacu_um loitering
Dominated
E Z=2
3
]
c§ Critica] £Xpends forever
¢
Empty Sub- Crecolllap.sss
Critical yclol
closed |
open
0‘3 Ll |
0 1 2
Qmatter
7 >

Negative curvature drives
rapid expansion/flattening




Matter-dominated
Universes

Vacuum
Dominated

Curvature wins

10

Matter wins

scale factor R/R,

kk=+1

-orrrrrT ! L ! L ! '/'f""'

0.1

0.01 a1 1
time ct/27R,

AS 4022 Cosmology

10

)

nébligbaﬂg‘ 2

= 1
loitering

7,=%

Critical expands forever

recollapses

orit Cycloid

Critical

closed

open

All evolve as
R ~ t23
1 atearly times.



Critical Universe
(Einstein - de Sitter)
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Matter decelerates expansion.
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Cycloid Universe
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Matter initially decelerates, but
curvature wins in the end.




Radiation dominated Universe
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Vacuum dominated Universe
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