Definitions, results, etc. Physics
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The Planck Time
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* Dimensional arguments

* Planck time tp = g =5x 104 s
c

* Planck mass m, = \/}‘Zc =2x 1038k

P G =zX g

nG

+ Planck length  f,=,— =2x10%m

Before this, everything fuzzed out by uncertainty principle.

Some Problems for

Friedmann-Robertson-Walker Universes

Causality and the particle horizon

Flatness

Scale factor B

Absence of magnetic monopoles

Absence of “Domain Walls” ’




The Horizon Problem
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The Particle Horizon:
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Fork=0,A=0, Q=1 example:

* Radiationera: R(1)~1"2  dy@t) =2ct  @(t) = d,()/R(1) ~ 1"
»  Matter Era: R(t) ~ 13 dyt) =3ct  @y(t) = d,()/R(t) ~ 1"
As time passes, we can see larger and larger fraction of universe.

=» causally connected fraction of universe is constantly growing.

The Horizon Problem

*  Cosmic Microwave Background is smooth
to about 1 part in 103

* Yetregions in causal contact at time of decoupling

should subtend only ~2° on sky. ﬁhae = g°§
ed =40

* How do regions 180° apart know about each other?

Blue =2.724°K
Red =2.732°K
Dipole Anistropy

~ 1 part in 300

Now

Recombination -

After removing
dipole
Red — blue = 0.0002°K
~ 1 part in 103




The Flatness Problem

* Tiny departures from (p = p,) at small ¢ (large z) grow into much larger departures
than are observed.

* O,close to 1 at present time.
* But this requires incredible precision at start (t = 0).
¢« DQ, exactly=1

Scale Factor R(t)

The solution: Inflation

(probably)
(maybe)
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What does inflation predict for geometry of present universe?
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