
Cosmic Microwave Background 
First Measured 

This Bell Laboratories horn antenna at Holmdel, New Jersey, 
was used by Arno Penzias and Robert Wilson in 1965 to detect 
the Cosmic Microwave Background (CMB). 

They won the Nobel Prize in Physics in 1978 

http://www.youtube.com/watch?v=-dR26JmmaBM 
(9:11) 



Definitive evidence of the Big Bang: The spectrum 
of the Cosmic Microwave Background 

The little squares on this graph are COBE’s measurements of the brightness of the 
cosmic microwave background plotted against wavelength. To a remarkably high 
degree of accuracy, the data fall along a blackbody curve for T=2.73 K. The peak 
of the curve is at a wavelength of 1.1 mm, in accordance with Wien’s law. 

Two of COBE's principal investigators, George Smoot and John Mather, received the 
Nobel Prize in Physics in 2006 for their work on the project.  



In Search of Primordial Photons (CMB) 

The Wilkinson Microwave Anisotropy Probe (WMAP) satellite, 
launched in 2001, improved upon the measurements of the spectrum 
and angular distribution of the cosmic microwave background 
radiation. 



In Search of Primordial Photons (CMB) 

The balloon-carried telescope BOOMERANG orbited above Antarctica 
for 10 days, collecting data used to resolve the cosmic microwave 
background. All of these experiments found local temperature 
variations across the sky but no overall deviation from a blackbody 
spectrum. 



Structure of the Early Universe from the CMB 

This microwave map of the entire sky shows temperature variations in the cosmic microwave 
background. Red regions are about 0.00003 K warmer than the average temperature of 2.73 
K; blue regions are about 0.00003 K cooler than the average. (Inset) These tiny 
temperature fluctuations are related to the large-scale structure of the universe 
today, indicating where superclusters and voids grew. The radiation detected to 
make this map is from a time 380,000 years after the Big Bang. 

http://www.youtube.com/watch?v=SH4Dchf-ujw 
Science Bulletins: Cosmic Microwave Background—The New Cosmology (7:52) 



Observable Universe 

This diagram shows why we only see part of the entire universe. As time passes, this volume 
grows, meaning that light from more distant galaxies reaches us. The farthest galaxies we see 
(inset) as they were within a few hundred million years after the Big Bang. These galaxies, 
formed at the same time as the Milky Way, appear young because the light from their 
beginnings is just now reaching us. While the light from the most distant galaxies we see was 
traveling toward us, the universe has been growing. Therefore, objects that appear 13 
billion ly away from us today are actually about 3 times farther away today.  



Stellar Birth Rates Since the Big Bang 

This figure shows that star formation started quickly in the 
life of the universe and has been tapering off ever since. 



The First Galaxies 

Using the Hubble and Keck telescopes, astronomers discovered two groups of 
stars (arrows) 13 billion ly away that are believed to be protogalaxies from 
which bigger galaxies grew. These protogalaxies were discovered because they 
were enlarged by the gravitational lensing of an intervening cluster of galaxies. 



The First Galaxies 

The Chandra X-ray Observatory imaged gravitationally bound gas 
around the distant galaxy 3C 294. The X-ray emission from this gas is 
the signature of an extremely massive cluster of galaxies, in this 
case, at a distance of about 11.2 billion ly from us. 





13.37 billion light-years away  

The Furthest Object in the Universe 

The image is likely to correspond to a compact mini-galaxy of blue stars that 
existed as we see it 13.37 billion years ago, around 380 million years after the 
Big Bang (estimated at 13.75 billion years ago). The actual stellar source of 
the light detected no longer exists.	

	


Proto-galaxy UDFj-39546284 



Creation of Spiral and Elliptical Galaxies 

A galaxy begins as a huge cloud of primordial gas that collapses gravitationally.  
 
(a)  If the rate of star birth is low, then the gas has time to collapse and form 

a disk, and a spiral galaxy is created. (less massive galaxies) 
(b)  If the rate of star birth is high, then the gas is converted into stars before 

a disk can form, resulting in an elliptical galaxy. (more massive galaxies) 



Stellar Birth Rates 

Most of the stars in an elliptical galaxy are created in a brief burst 
of star formation when the galaxy is very young. In spiral galaxies, 
stars form at a more leisurely pace that extends over billions of years. 



Mapping Dark Matter 

The Hubble Space Telescope observed 
that galaxies in the same direction, but 
at different distances from Earth, 
undergo different amounts of 
gravitational lensing.  
 
Much of this effect is due to dark 
matter. By subtracting out the lensing 
effects of intervening galaxies, the 
distorted shapes of the galaxies at 
various distances enable astronomers 
to determine the distribution of 
dark matter. 



This figure shows our current thinking about the evolution of star 
and galaxy formation in the early universe, as well as the present-day 
acceleration of the universe’s expansion. 

Big Picture of the Evolution of the Universe 



The expansion of the Universe is Speeding Up: 
Dimmer than Expected Distant Supernova  

SN 1997ff , more than 10 billion ly 
away, was dimmer than expected, 
indicating that the distance to it is 
greater than the distance it would 
have if the universe had been 
continually slowing down since the 
Big Bang. This supports the 
notion that an outward 
(cosmological) force is acting 
over vast distances in the 
universe. The arrow on the first 
inset shows the galaxy in which the 
supernova was discovered.  



Dark Energy 
 Pushing the Universe  

Apart 

https://www.youtube.com/watch?
v=BTAUnwOvknc 

Dark Matter and Dark Energy HD 	

(start @27:15-44:00)	




Dimmer Distant Type Ia Supernova  

The distances and brightnesses of many very distant supernovae are plotted 
on this diagram. The locations of the most distant supernovae in the upper 
region strongly indicate that the universe has been accelerating 
outward for the past 6 billion years. 
 
àDark Energy is the (unknown) force that is pushing the Universe apart. 



The future according to the Big Bang theory 
Before observations of dark energy, cosmologists considered two scenarios 
for the future of the Universe.  
 
1.  If the mass density of the Universe were greater than some critical density, 
then the Universe would reach a maximum size and then begin to collapse. It 
would become denser and hotter again, ending with a state similar to that in 
which it started—a Big Crunch. 

2.  Alternatively, if the density in the Universe were equal to or below some 
critical density, the expansion would slow down but never stop. Star formation 
would cease with the consumption of interstellar gas in each galaxy; stars would 
burn out leaving white dwarfs, neutron stars, and black holes. Very gradually, 
collisions between these would result in mass accumulating into larger and larger 
black holes. The average temperature of the Universe would asymptotically 
approach absolute zero—a Big Freeze. 
 
The modern view (last 10 years!) now is that the expansion of the universe is 
accelerating in time. The universe won’t end in a big crunch, rather galaxies 
will continue to separate further and further from each other. Eventually we won’t 
be able to see any other galaxies. 



The Future of the Universe 

The expansion of the universe proceeds in all directions as determined by the Hubble constant 
today. However, the Hubble constant can change in the past and in the future, dependent on the 
observed value of energy or mass density parameter (Ω). Before the discovery of dark 
energy, it was believed that the universe was matter-dominated, and so Ω on this graph 
corresponds to the ratio of the matter density to the critical density. 

Big Crunch	




Percentages of the Major 
Components of the Universe 

The truth is that astronomers still don’t 
know what dark matter or dark energy is, 

but there are a number of possibilities…	



