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Our Visible Universe
13.9 billion ly

1 billion ly  or 300 Mpc
scale of Hubble plot so far

Highest Red Shift 
Supernova

Source www.atlasoftheuniverse.com
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Supernova data:
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is a supernova

The deviations from the hubble law can tell us about the past history of the universe!



Another plot of Supernova
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Same Data. Deviations from one tell us about the past history of the universe!
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Here the universe is half the 
size of today so a(t)=1/2

�d(t) = a(t)�r



a(t) records how much the universe is smaller than today

�d|{z}
Distance at time t

= a(t) �r|{z}
Distance today
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Three model universes which go beyond the Naive extrapolation

1. Accelerating

2. Decelerating

3. Real Case: Decelerating than Accelerating
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Summarize all cosmologies (expansion histories) with a(t)
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We will see that a(t) records the red shift for light emitted at time t.
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What does r⇤(te) mean?
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r⇤ records where a supernova must explode at time t
e

to be observed today
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Computing r⇤(te) and d⇤(te):
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d*(te)

r⇤ records where a supernova must explode at time t
e

to be observed today. Note d⇤(t) = a(t)r⇤(t) .
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Light and remnants from a supernova
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What cosmology does the data prefer?
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Preferred acceleration history:
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The hot walls in equilibrium with the radiation in an oven
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