
Observing the echoes of the Big Bang
in the Universe’s most distant light



The history of the Universe
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The Microwave sky

Our Milky Way



• Uniform glow of microwave light from every direction
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• Uniform glow of microwave light from every direction

Cosmic Microwave
Background (CMB) :

 afterglow of the hot, dense
early Universe !

The Microwave sky
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Fun facts about the microwave background

• Most numerous “particles” in the 
Universe!

• 400 in every cubic centimetre!

• 10 trillion passing through every 
square cm every second!

• Few per cent of TV static!

• You are bathed in the light of the 
Big Bang!

• The earliest light we can see!



Discovery of the microwave background

Penzias & Wilson



Discovery of the microwave background
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Discovery of the microwave background

Then they found droppings of pigeons nesting in the antenna. 
They cleaned out the mess and tried removing the birds and 
discouraging them from roosting, but they kept flying back. "To 
get rid of them, we finally found the most humane thing was to 
get a shot gun…and at very close range [we] just killed them 
instantly. It’s not something I’m happy about, but that seemed 
like the only way out of our dilemma," said Penzias.

“The Big Bang’s Echo”, Schoenstein
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Discovery of the microwave background

Gamov

Proposed the Hot 
Big Bang (1946)



Thermal radiation

Planck’s
law



• Microwave background is extremely cold ! (about 3 K)

Thermal radiation



Expanding universe



Expanding universe



• Microwave background was 
3000K when it was produced!

Expanding universe



Where the microwave background comes from
time

protons

electrons
light

atoms



Where the microwave background comes from

Jan 1st Feb Dec 31stJan 1st



The Hot Big Bang

Microwave background

Expanding
universe

Abundance of
light elements



Cosmic motion

• Go back to our map of the microwave sky ...



• ... and turn up the contrast level! (blue-red is 0.003 K)

Cosmic motion
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Cosmic motion
The Doppler effect ...



Cosmic motion
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The most interesting thing of all!

• Go back to our map of the microwave sky ...



• Turn up the contrast level again! (blue-red is 0.00003 K)

The most interesting thing of all!



Nobel Prize, 2006

Ripples in the microwave background
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Improving the measurements



Improving the measurements



Results from the Planck mission



Sound waves!



The acoustic spectrum

Gravity

Restoring
force



The next question ...
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• Where did these ripples come from in the first place?



Inflation



Inflation

• Could test by detecting gravitational waves!



The story so far


