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Topic: Cosmology and the Evolution of the Universe
· About the Universe
· Cosmology – Study of the entire Universe and its global properties
· Cosmologist – Person that studies the Universe and it global properties

· Olber’s Paradox – Why is the night sky dark?

· We cannot see the whole Universe.  We can only see part of it (aka Observable Universe)
· We say that the Universe is 15 billion years old because we can only see something 15 billion light years away because it’s light has just gotten from there to here in 15 billion years
· The Observable Universe is a sphere and Earth is at the center of that sphere

· Cosmic Horizon – Edge of the observable Universe.  Expanding at the speed of light.
· Einstein Equations
· Einstein wanted to find out what the Universe was like by his General Theory of Relativity
· At the time (of Einstein) all scientist believed:

· The Universe had always existed

· The Universe was static (there are no large scale motions)
· Three solutions for Einstein’s equations of the Universe

· None of these were static

· Universe grows to a maximum size than shrinks

· If the density of the matter in the Universe reaches a point that is greater than some critical value then the Universe will shrink because of so much mutual gravity

· Universe has a closed geometry (sphere)

· Universe grows and slows down and stops growing
· If the density of the matter in the Universe is equal to some critical value than the Universe will stop growing

· Universe has a flat geometry (parallel lines)

· Universe grows and slows down but does not stop growing
· If the density of the matter in the Universe is less than some critical value then the Universe will continue to grow, but at a slower pace because of all of the mutual gravity

· Universe has a open geometry (hyperboloid)

· The Big Bang – Moment that the Universe was created.  Beginning of space-time.  NOTHING before the Big Bang.
· The Big Crunch – End of space-time/Universe
· All three solutions show that the Universe will slow down at one point.  The reason for this is because the mutual gravity of all of the matter in the Universe is working against the expansion of the Universe (see above)
· Density of the Universe also determines the global geometry of the Universe (see above)
· Einstein refused to believe this because no one at the time believed that the Universe was static and always existed so he created the Cosmological Constant (aka Fudge Factor)
· Hubble
· 15 years later (after Einstein’s General Theory of Relativity) Hubble was studying galaxies

· Hubble noticed that the light from all galaxies outside the Local Group is red shifted

· Hubble announced that the Universe was expanding, and he got the credit even though Einstein found out about it first

· Einstein screwed himself over by adding the Cosmological Constant to his General Theory of Relativity

· “The greatest blunder of my life.”
· The Universe (the fabric of space) is expanding, but its just carrying the galaxies along for the ride

· This does not hold true if you are inside your own group or cluster because of the mutual gravity of nearby galaxies is overpowering the expansion of the Universe
· The Dark Matter is screwing us up over figuring out which Universe we are in (out of Einstein’s three types)
· More Hubble Stuff
· Hubble proved that the further away a galaxy is away from us, the faster it’s moving away from us

· Hubble constant – H0 (H Zero)
· We’re not sure what the Hubble constant is but we’re getting close…something like 70 kilometers/sec/megaparsec

· Hubble Law (Last rung of the cosmological distance ladder)
· The COMPLETE Cosmological Distance Ladder
· Stellar Parallax/Proper Motion (works out to 100 parsecs)
· Moving Cluster Method (works out to 1 kilo parsec (1,000 parsecs))
· Main Sequence Fitting (works out to 10 kilo parsec (10,000 parsecs)) – Just barely leaving the Milky Way Galaxy
· Cepheid Variable Method (works out to 1 mega parsec (1,000,000 parsecs)) – Just a little beyond the Local Group
· Tulley-Fischer Relation (works out to 10 mega parsec (10,000,000 parsecs))
· Type Ia Supernova (works out to 100 mega parsec (100,000,000 parsecs))
· Hubble Law (works out to the Cosmic Horizon)
· The Hubble constant allows us to calculate the age of the Universe

· Large – Universe young

· Small – Universe old

· Hubble time = 1 / Hubble Constant (H0)
· The Universe is 15 giga years

(continued on next page)

· The temperature of the Universe
· Since the Universe is expanding, it is getting cooler

· The Universe was hotter when it was younger

· The Laws of Physics change when you get to high temperatures

· The Fundamental Forces of the Universe

· Strong Nuclear Force – Strongest Force
· Electromagnetic Force

· Weak Nuclear Force
· Gravitational Force – Weakest Force
· At high temperatures, the Electromagnetic Force and the Weak Nuclear Force become the Electroweak Force
· Strong Nuclear Force – Strongest Force

· Electroweak Force

· Gravitational Force – Weakest Force

· You have to get to a temperature of a couple of quadrillion kelvins to see Electroweak Force

· We can prove the Electroweak Force with particle accelerators

· Grand Unification Theories (GUTs)
· At even higher temperatures, the Strong Nuclear Force and the Electroweak Force become the GUT Force
· GUT Force – Strongest Force

· Gravitational Force – Weakest Force

· This force will probably never be proven (congress will not pay for a particle accelerator the size of the Milky Way Galaxy…)

· GUTs say that protons are unstable particles and will decay, but a proton’s lifetime is longer than the age of the Universe so we will probably never see proton decay

· Theories of Everything (TOEs) / Super Unification Theories (SUTs)
· At even higher temperatures, the GUT Force and the Gravitational Force combine into one force
· String/Brane Theory are the most popular
· Universe is made up of Branes/Strings
· Gravity becomes particles known as gravitons
· No one has ever detected a particle of gravity
(continued on next page)

· A Brief History of the Universe (Finale)
· History of the Universe is divided up into Epics
· Moment of Creation/Big Bang (Time = 0) PURE THEORY
· Temperature/Mass Density/Curvature = ∞
· Size of the Observable Universe = 0
· The Universe was like a singularity
· We don’t know what created the Universe
· The Plank Epic (Time = 0 ( Time = 5x10-44 seconds) PURE THEORY
· Temperature = ∞ ( 1032 kelvins
· The Universe was probably governed by a SUT (Super Unification Theory)…we’re not sure what theory
· At the end of this epic…
· The GUT Force and the Gravitational Force were the only two Forces in the Universe
· When this happened, gravitons were liberated, and filled the entire Universe (aka Cosmic Graviton Background)
· The GUT Epic (Time = 5x10-44 seconds ( Time = 5x10-34 seconds) PURE THEORY
· Temperature = 1032 kelvins ( 1028 kelvins
· The GUT Force and the Gravitational Force were the only two Forces in the Universe
· At the end of this epic…
· There were now three forces in the Universe: the Strong Nuclear Force, the Electroweak Force, and the Gravitational Force
· The Universe was expanded (aka inflation) by a tremendous amount

· The Electroweak Epic (Time = 5x10-34 seconds ( Time = 5x10-11 seconds)

· Temperature = 1028 kelvins ( 1015 kelvins
· At the end of this epic…
· All four Forces are now governing the Universe

· Strong Nuclear Force – Strongest Force

· Electromagnetic Force

· Weak Nuclear Force

· Gravitational Force – Weakest Force

· The Electroweak Force would never appear again in the Universe until we here on Earth built particle accelerators

· The Particle Epic (Time = 5x10-11 seconds ( Time = 5x10-2 seconds)

· Temperature = 1015 kelvins ( 1011 kelvins
· Matter, Antimatter, photons, quarks, gravitons, and other things came into existence
· The Matter and Antimatter destroyed one another, but they were not in equal amounts to begin with, so the leftover matter created all the matter in the Universe
· The Nucleosynthesys Epic (Time = 5x10-2 seconds ( Time = 5x102 seconds)

· Temperature = 1011 kelvins ( 109 kelvins
· Nuclei were born during this epic
· This is when the Universe became 25% hydrogen, 75% helium
· At the end of this epic…
· Neutrinos were liberated and filled the entire Universe (aka Cosmic Neutrino Background)
· The Epic of Nuclei (Time = 5x102 seconds ( Time = 3x105 seconds)

· Temperature = 109 kelvins ( 10,000 kelvins
· The Universe expanded and cooled off during

· Nuclei were formed during this epic but atoms were not formed yet!

· At the end of this epic…
· Atoms formed (Recombination)

· Cosmic Photon Background was formed (and has been proven)
· The COBE Satellite detected the Cosmic Photon Background in detail
· The Cosmic Photon Background is in the microwaves (temperature is 3 kelvins)

· NOW (Time = 3x105 seconds ( Time = NOW)

· Temperatures:

· Cosmic Photon Background = 3 kelvins (2.726 kelvins)

· Cosmic Neutrino Background = 2 kelvins (1.946 kelvins)
· Cosmic Graviton Background = 1 kelvins (0.905 kelvins)
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