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Abstract: Currently, most physicists believe that only a small fraction of all the matter and energy in the universe is visible and can be seen |
our most powerful telescopes. The remaining majority of the universe is thought to consist of elusive dark matter and dark energy, two sub
about which we know very little. This presentation will explore the evidence in supporting the dark matter and dark energy theories and ¢
some of their implications for how our universe will evolve.
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What is the Universe Made of?

The Case for Dark Energy
and Dark Matter
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» The Hot Big Bang
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* Contact With Fundamental Physics
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Gravity, Matter & Geometry

“Only two things are infinite, the universe and human
stupidity, and I’'m not sure about the former. ~

Albert Einstemn




Gravity, Matter & Geometry

» According to Einstein gravity is really the response of
space and time to the presence of matter.
The presence of energy curves space and time.
The curvature of space changes how objects move.




Gravity, Matter & Geometry

» According to Emnstein gravity is really the response of
space and time to the presence of matter.
The presence of energy curves space and time.
The curvature of space changes how objects move.
» Knowing how matter is distributed over large scales
tells us the shape and evolution of the Universe!



Visible Matter 1n the Universe

» Visible matter 1s
distributed as stars
and gas within
galaxies and clusters
of galaxies.

» These appear to be
distributed roughly
1sotropically and
homogeneously about
us.
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A 3D View
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A 3D View
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Evidence for an Expanding Universe

» The sky 1s dark
» The Hubble Law
» The homogeneity

and 1sotropy of the
UnIverse

« The slower decay
of more distant
supernovae
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Fvidence for an Expanding Universe

= s g In all directions galaxies are
e The Hubble .aw seen to be receding from us with
. e a speed which 1s proportional to

F = . -
their distance from us:
As expected if all started at
" the same point at the same

instant.
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Fvidence for an Expanding Universe

e The H z?bble Law

Velocity (km/sec)
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Evidence for an Expanding Universe

The H z?bble Law
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Evidence for an Expanding Universe

e The H z?bb!e Law
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Evidence for an Expanding Universe

e The H Z?bbié‘ Law




Evidence for an Expanding Universe

o« The Hubble Law
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Fvidence for an Expanding Universe

e The Hubble Law
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Evidence for an Expanding Universe
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Evidence for an Expanding Universe

e The H z?bb!e Law
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Evidence for an Expanding Universe

e The H z)bb[e Law




The Hot Big Bang

* Matter in an expanding container cools.

Extrapolating back in time suggests the Umiverse was
once very small and very hot.

* The Hot Big Bang theory assumes the Universe was
mitially a small, hot soup of elementary particles.

» This theory is just now bemg redundantly tested.
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Surprise! Most of the matter in the Universe is in tWo
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How Would We Know?

* The Unmiverse being
hot means that the
particles within 1t are
randomly moving with o5
higher speeds. [' |

« At high enough
temperatures particles
get knocked apart into
their constituents.
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How Would We Know?

* The Umverse being
hot means that the
particles within fess
randomly movi e
higher speeds. N
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At high enough
temperatures particles
get knocked apart into
their constituents.
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