


• White dwarfs can suck gas 
from a companion star

• Enough matter falls on the 
white dwarf to initiate an 
uncontrolled explosion, 
completely destroying it

• Type 1a supernovae are 
standard candles – they all 
have the same intrinsic 
brightness and can be used 
to determine distances

Type I Supernovae
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• In astronomy these are called standard candles

• A standard candle is an object whose intrinsic brightness is known

• If you observe standard candle and measure its brightness, you can 
tell how far away it is.  Farther away is dimmer!

Standard Candles
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• Distant supernovae are dimmer than expected because they are 
farther away than expected

• The Cosmic expansion is accelerating due to a new (previously 
unknown) repulsive force in Nature, important on large scales

• The repulsive force is caused by Dark Energy.

• There is NO CONNECTION between dark matter and dark 
energy; this is an unfortunate name

• We have NO IDEA what dark energy is...

• ...but I can tell you what some of its properties are because it has 
to explain what we see.

The Cosmos is accelerating
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• Dark Energy fills all of space

• The Dark Energy produces a repulsive force between points in 
space

• The greater the distance between points, the greater the repulsion 
(e.g. important between galaxies, but not planets)

• When the Cosmos was about half its current size, the expansion 
changed from slowing down to speeding up.

• We have no idea what the Dark Energy is, though many speculations 
exist

• Maybe our observations are wrong, and the expansion is not 
accelerating! 

• A funny form of Einstein’s Cosmological Constant

Properties of Dark Energy
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• The census of the Cosmic Content now looks like this:
What the Cosmos is Made of
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• The Ultimate fate of the 
Cosmos in the distant future 
depends on the total matter 
content. 

• There is just enough stuff 
(including dark matter and 
dark energy) so that gravity 
can slow the expansion of 
the Universe.

• Current CMB observations 
indicate that the Universe is 
close to Flat — it is slowly 
coasting, but never 
recollapsing

Why are we interested?

Positive
Curvature:
Universe will
recollapse

Flat:
Universe
coasts

Negative
Curvature:
Universe

doesn’t slow
down
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Last Thoughts...

• We have no idea what Dark Matter or Dark Energy 
are (though we have some ideas)

• 96% of the known Universe is composed of stuff we 
have next to no knowledge of

• The Ultimate Fate of the Cosmos depends on what 
is out there!
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