Dynamics of the Universe

* Friedmann Equations

* Equation of State

* Solutions for the scale factor for baseline model
* The Inverse Problem

* Studying a possible scalar field



Newtonian Swindle

* Consider small sphere with radius ~ a

a'’ 41TGpa2

> - = const
* Introduce
Qm=8nto
3H?
so that WP HQ a i)

* Exterior mass (Birkhoff)?
* Pressure (OK)?
» Constant ( =-k/H “R * Milne Universe,=0 if flat )



GR Approach

* Field Equations
G*"=8mG(p+P)u*u’+pPg**

* Recover first Friedmann equation.

* Alsouse Th d (p a3)=—Pd a’

to get second Friedmann equation

a''=—4ntG(P+pl3)a



Radiation Fluid

Pecag *cT?®

a'*=H [Q a '+Q a °+..]

Vacuum Energy

p =const =— P

a'*=H,[Q a'+Q a °+Q a’+Q, +..]

Differential Equation for a(t)
Quintessence P=w p



ACDM Model

* Suppose that the universe is flat and there is just cold
matter with Q2 =0.27 and vacuum energy with P=.

* Solving the Friedmann equation with WMAP
parameters gives our baseline model

* We can then go ahead and compute the age, distances,
volumes etc 2

Qm 2
a'=H,|—+(1-Q )a

a
1/3

/
q= 'Qm Sinhz/s (1_'Qm>12Hot
1-Q 2




Baseline Model (after WMAP)

* Tlat; K=0; dark energy+matter
* }[O: 71 km s' Mpc" [1 Mpc=3.09 10~ m]

=(13.8 Gyr)™ =(4.23 Gpc)™.

* t0:13.7 Gyr

x Q =p/p =0.27,
> QEZO.044
» pC:3H02/87tG

=9.4 10°"kg m”
=1.410"M Mpc”

* ?;:2.725 X
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Measuring the scale factor

* Suppose that some mission [ike SNAP is able to obtain

accurate luminosity distances as a function of redshift
z=1/a-1

x This implies that we Know r(a)=a c[L (a)

* We can then solve for t(a)using dt=a dr

* [nverting we obtain a(t) without resorting to a
dynamical model

* We can then compute H(t), q(t), j(t) in principle.






