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Cosmology - the study of the
Universe as a whole:




Edwin Hubble



1922: Hubble finds
Cepheids in the Great
Nebula in Andromeda



Hubble measured drstances to
dozens of nearby nebulae
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Hubble also measured
the shift in colour, or

, of the light
from distant galaxies.
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QBJECT RECEDING:
LONG RED WAVES
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OBJECT APPROACHING:
SHORT BLUE WAVES




Hubble’s Law
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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
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Gravity in Einstein's Universe

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




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.....




Cepheid Variable Star in Galaxy M100

HST-WFPC2
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Will the Universe continue
to expand forever?

Is the Universe speeding
up or slowing down?




Answer depends on the shape of the
Universe
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Is the Universe speeding up or slowing down?
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Narrow range of
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We can answer this question !
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Shape of the universe affects the
relationship between redshift and
distance of remote supernovae
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Distant Supernovae HST « WFPC2
PRC98-02 « January 8, 1998 « ST Scl QPO
F. Garnavich (Harvard-Smithsonian Center for Astrophysics) and NASA




Hubble diagram of distant supernovae
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Host Galaxies of Distant Supernovae
Hubble Space Telescope = Advanced Camera for Surveys

NASA, ESA, and A. Riess (STScl) STScl-PRC06-52




Latest results: still speeding up!!!
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Redshift Wood-Vasey et al (2007)



We can measure.the shape of the Universe using the
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