
Cosmic Cartography:!
Exploring an expanding Universe

Elise Jennings!
!

Kavli Institute for Cosmological Physics & Enrico 
Fermi Institute!

University of Chicago

Compton Lectures 2014

1

ObservationsTheory

Predictions Surveys

Cosmology 

aka how the Universe works
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Composition of the universe
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How do you know all this dark stuff is there when 
you can’t see it?

Magnetism 1 by Ahmed Mater al Ziad
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Outline of the lectures

1. April 5th Expanding Universe & The Big Bang 
!

2. April 26th Mapping the dark sector I - Dark Matter 
!

3. May 10th Mapping the dark sector II - Dark Energy 
!

4. May 17th Dark energy or Modified gravity? 
!

5. May 31st Simulating the Universe in a computer 
!

6. June 7th The footprints of dark energy
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Three guest lectures: 
!
!

April 12th Tim Linden: 
Detecting Dark matter 
!
!
  April 19th Doug Watson:  
  Galaxy simulations 
!
!
    May 3rd Austin Joyce:  
    The early Universe

8



The Big Bang

 “cosmic egg....ashes and smoke of bright  
but very rapid fireworks.“ -   Lemaître 
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Story of the expanding Universe

1915 Einstein’s theory 
General Relativity 

predicted a dynamic 
expanding Universe 

!
!
!
!

Albert Einstein and Willem de Sitter 
Copyright AP/Wide World Photos 
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1923 Hubble’s observations 
!
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1923 Hubble’s observations 
!

The farther away a galaxy is,  
the faster it moves away from us.
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Filippenko & Reiss 1998
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General Relativity describes the connection between the 

expansion of the Universe & the energy in the Universe

Friedmann equation

Expansion 
rate

Energy density 
of stuff in the 
universe

Hubble’s 
constant
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CREDIT: MELISSA THOMAS (illustration)

TIME
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We only see a small part of the electromagnetic spectrum
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We only see a small part of the electromagnetic spectrum

unless you are like Monet….
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Familiar images can look very different when 
viewed using different wavelengths 

!

Maps of the Milky Way

Optical

X-ray

Radio
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Expansion of space stretches the wavelength of light

Doppler shift of light  
due to relative motion
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George Gamow

The Origin of Chemical Elements  
Alpher, Bethe, Gamow 1948
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Observational successes of the theory 
are impressive 
!
!
•  The expansion of the Universe 
!
•  Age of galaxies 
!
•  Abundance of light elements 
!
•  Cosmic Microwave Background 
!
 

 How do we know this “Big Bang” theory is right? 

 The theory: Universe started from singularity giving 
rise to a hot dense state which has since expanded 
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One of the key predictions of the Big Bang theory 
 for this left over radiation 

!
!

 CMB T ~3 K today.  
!

Radiation was produced at  T=3000K. Expansion of 
the Universe shifts the radiation to colder 

temperatures.
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Cosmic Microwave background could have been 
discovered in 1940  

!
 McKellar measured ~2.3K rotational temperature of   

 cyanogen molecule in interstellar space 
!
!
!
!
!
1950 Fred Hoyle  
review of Big Bang theory  
!
Overlooked connection  
between McKellar’s  
observations and prediction of  
T = 1-5K 
!
!
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1965 Cosmic background radiation discovered by Penzias & 
Wilson of Bell Telephone Laboratories
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Penzias & Wilson’s instrument measured a spectrum 
which looked the same in every direction
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Want to see the Big Bang? 
!

Tune into static on an old TV
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The CMB is remarkably uniform  
Perturbations are tiny -  1 part in 100,000

The Universe appears 
Isotropic  & homogenous

Homogeneous not isotropicIsotropic not homogeneous
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COBE satellite takes Baby Universe's 1st Picture
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Wilkinson Microwave Anisotropy Probe (WMAP)
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Planck Satellite 2013
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What do these hot and cold spots tells us?

Stephen Hawking - “the 
most important 
discovery of the 

century, if not of all 
time."
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Music in the early Universe
!
Gravity caused pockets of high matter density to contract  

Photon and electron pressure resisted the pull of gravity 

   

!
 Oscillating regions in the cosmic fluid  

 sending acoustic waves coursing through  

 the early Universe 

!
!
 Cosmic Microwave background 

 has been imprinted with these wiggles 36
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Huge amount of physics 
in the size, position  
of these peaks!
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LECTURE 5 
!
BICEP2’s  
exciting recent  
discovery!



Next week….. 
!

Guest Lecture: 
Tim Linden
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