
Evidence for the 
Big Bang Theory



Learning Goal:

▶ By the end of this lesson, you will be able to 
explain three pieces of evidence for the Big 
Bang Theory:

1. Cosmic Microwave Background Radiation
2. Redshift of galaxies
3. Elemental Composition of the Universe



Let’s Review… A Theory



What is the Big Bang Theory?
▶ In approximately 1927, George Lemaitre (a 

priest and physics professor) proposed the 
theory of the expanding universe.

▶ 13.82 billion years ago, violent expansion 
occurred from a singularity (a single point)

▶ The universe was energy that created matter 
and space.  First there were quarks then 
electrons, protons, neutrons, and then atoms

*The “Big Bang” was a name (mockingly) given 
to Lemaitre’s idea – and it stuck 



Cosmic Microwave Background 
Radiation (CMBR)

▶ In the early 70’s scientists predicted that the original light(visible and infrareds) from the Big 
Bang should be redshifted into the microwave region, the CMBR.

▶ CMBR is the “after-glow”  from the Big Bang that permeates (spreads) in all directions of the 
universe. 

▶ Original temperature of the universe: 1035  Kelvin; After inflation 1 billion K; After 380,000 years; 
3000 K; Today 3 Kelvin

▶ The amount of cooling says how far the light has traveled, which determined the age of the 
universe: 13.82 billion years.



Cosmic Microwave Background Radiation

▶ The CMBR was first detected in a Horn 
Antenna, which detects radio waves 

▶ COBE (Cosmic Background Explorer - 
1992) mapped the universe in 
microwaves

▶ WMAP (Wilkinson Microwave Anisotropy 
Probe) launched in 2001 increased the 
resolution of the COBE image

▶ Brighter areas indicate higher 
temperatures which indicate more 
matter.  Darker areas indicate lower 
temperatures which indicate less matter.



Cosmic Microwave Background 
Radiation, continued

Planck satellite was a space observatory operated by the European Space Agency (ESA) from 
2009 to 2013, providing us with the most accurate and detailed readings of Cosmic Microwave 
Background Radiation.



Redshift of Galaxies
▶ The wavelength stretches as the galaxy moves away 

from the observer. The velocity of galaxies can be 
calculated: v = H x d

▶ If most galaxies are moving away from each other, 
then the universe is expanding 

▶ The Hubble Space Telescope (named after Edwin 
Hubble) was important in determining recessional 
velocity of galaxies.

*Remember, red color has a longer wavelength than 
blue – therefore, it is moving away!



Elements in the Universe

▶ Matter in  the Universe is about 
75% Hydrogen and 25% Helium.

▶ This was predicted by the Big 
Bang model, unlike other 
models



Distribution of Matter in the 
Universe

The Sloan Digital Sky Survey (SDSS) has 
mapped galaxies and galaxy clusters 
throughout the universe

The distribution of galaxy clusters from 
SDSS matches the distribution CMBR

As the universe cooled after the Big 
Bang, matter precipitated out from the 
energy 

           E = mc2



Summary
▶ The Big Bang theory states the universe began as a singularity and 

expanded in all directions, eventually cooling and creating matter.
▶ Galaxy redshift observations shows that most galaxies are moving 

away from each other.
▶ The distribution of cosmic microwave background radiation extends in 

all directions of the universe, which verifies predictions of universe 
cooling and expanding.

▶ The abundance of lighter elements in the Universe suggests that these 
first elements (hydrogen and helium) were formed in the Big Bang and 
are the precursors for all other elements.




