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Cosmology – the study of the 
Universe as a whole:

• Origin
• Evolution
• Eventual Fate



Edwin Hubble



1922: Hubble finds 
Cepheids in the Great 
Nebula in Andromeda



Hubble measured distances to 
dozens of nearby nebulae

Even the nearest, 
in Andromeda, was 

millions of light 
years distant



Hubble also measured 
the shift in colour, or 
wavelength, of  the light 
from distant galaxies.
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HubbleHubble’’s Laws Law

Distant galaxies are moving away from us 
with a speed proportional to their distance



Spacetime is expanding like 
the surface of a balloon.

As the balloon expands, 
galaxies are carried farther 
apart





“Spacetime tells matter 
how to move, and 
matter tells spacetime
how to curve”

Gravity in EinsteinGravity in Einstein’’s Universes Universe



How fast is the Universe expanding?

Hubble space Telescope 
Key Project: 1990-2000

Cepheid distances to ~30 
galaxies, linking to other 

standard candles



Virgo Cluster galaxy
M100, 60 million light years distant…..





Will the Universe continue Will the Universe continue 
to expand forever?to expand forever?

To find out we need to compare the expansion 
rate now with the expansion rate in the distant 
past…

Is the Universe speeding 
up or slowing down?



Answer depends on the shape of the 
Universe



Answer depends on the shape of the 
Universe

Closed



Answer depends on the shape of the 
Universe

Closed Open



Answer depends on the shape of the 
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Is the Universe speeding up or slowing down?

We can answer this question 
using type Ia supernovae

Narrow range of 
brightness when they 
explode indicates a good 
Standard Candle

Shape of the universe affects the 
relationship between redshift and 
distance of remote supernovae

Closed Open Flat





redshift

‘Speeding up’ model

‘Slowing down’ model

Models with different 
shapes

Hubble’s law for 
nearby supernovae

Hubble diagram of distant supernovae
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~14 billion years







Wood-Vasey et al (2007)

Latest results:  still speeding up!!!



We can measure the shape of the Universe using the 
cosmic microwave background radiation


