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Nice Doppler Effect Animation 

https://youtu.be/h4OnBYrbCjY 









Doppler Shift is how Hubble Knew how Fast the Spiral Nebula were Moving Away 

Cepheid Brightness is How he Knew How Far Away they Were

Hubble, 1929



New Theoretical Prediction, 1948 
Alpher, Bethe, Herman, Gamow

Early Universe Growth and 
Cooling 
• Protons and Neutrons 

Form 
• Protons and Neutrons 

Collide and Form 
Deuteriusm, Helium and 
Lithium Nuclei 

• Continued Growth and 
Cooling 

• Electrons Slow Down 
Enough to Begin Orbiting 
Nuclei 

• Particles in Universe are 
Now Electrically Neutral! 

• Photons are Free to Move 
without Scattering! 

• These Photons Are at the 
Temperature (3000K) that 
Hydrogen Ionizes at



Cosmic Microwave Background (CMB)



1964, Wilson and Penzias Set Up a Microwave Antenna

Photo in 1978, In Front of the "Horn" that catches the Microwaves



Prediction vs. Observation. How to Reconcile? 

• Prediction 
• Alpher, Bethe, Herman, Gamow, 1948 
• 3000K Radiation, 0.001mm, near infrared 

• Observation 
• Penzias, Wilson, 1964 
• 3K Radiation, 1mm, microwaves 

Reconciliation 

The earliest light we can see, from 380,000 years after 
the Big Bang (over 13,000,000,000 years ago) comes 
from so far away that it is red-shifted with z of about 
1000! This is the definitive confirmation of the Big Bang.



Understanding the COBE Measurements 

https://youtu.be/6e-uxx155EY

First Satellite Launched to Improve CMB 
Measurements: COBE



Better Measurements: After 1989 COBE 
Satellite, comes 2001 WMAP Satellite, and 2009 
Planck Satellite. Each shows more detail in the 

earliest light remaining from the Big Bang



European Space Agency, Planck Collaboration


