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22/01 Introduction / Life and death of M. Hendry

29/01 stars / supernovae

05/02 The search for gravitational waves M. Pitkin

12/02 The story of cosmic rays A. Mackinnon

19/02 The threat of asteroid impact B. Steves

26/02 Gamma ray bursts F. Speirits

05/03 A recipe for galaxy formation L. Teodoro

12/03 Echoes of the Big Bang L. Teodoro

19/03 Welcome to quantum gravity! N. Gray /
M. Hendry

Provisional schedule

Also: 03/02 Transits and Eclipses Day School
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The Orion NebulaThe Orion Nebula



Forming starsForming stars
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Forming starsForming stars



Forming starsForming stars

versusversus

Collapse often caused Collapse often caused 
by the shock wave by the shock wave 
from a from a SupernovaSupernova

Gas pressure trying 
to expand the cloud

Gravity trying to 
collapse the cloud





Hydrogen fusion – fuelling a star’s nuclear furnace

E = mc 2

H   = Hydrogen
He =  Helium



Nuclear fusion only occurs at very 
high temperatures, because atomic 
nuclei tend to repel each other
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Betelgeuse Stars on the
Main Sequence
turn hydrogen 
into helium.

Blue stars are 
much hotter 
than the Sun, 
and use up their 
hydrogen in a 
few million years





Interior of a solar-type star



When the fuel runs out: formation of a red giant



Interior of a red giant star





White dwarfs: earth-sized stellar relics





Interior of a very massive star



























Crab Nebula: supernova of 1054



Supernova 1987A, in the
Large Magellanic Cloud







Putting the Iron in Irn Bru

Supernovae



Stars radiate equally in all directions

This gives rise to the Inverse-Square Law:

The apparent brightness of a star falls 
off with the square of its distance



The nature of 
the nebulae?…

Early 20th Century

Gas clouds within the Milky Way, 
or Island Universes?….





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.

Galaxy



Hubble also measured 
the shift in colour, or 
wavelength, of  the light 
from distant galaxies.

Galaxy

Laboratory



HubbleHubble’’s Law: 1922s Law: 1922

Distant galaxies are receding from us with a 
velocity proportional to their distance



‘Recession of the Nebulae’
caused not by the motion 
of galaxies through space, 
but the expansion of space 
itself between the galaxies

Hubble’s Interpretation



How fast is the Universe expanding?How fast is the Universe expanding?



HST Key Project
Measure Cepheid distances to ~30 nearby galaxies,

Link Cepheids to Secondary distance indicators



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 geometry of the 
Universe
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Universe

Closed Open Flat



We can measure this using Supernovae



Type Type IaIa SupernovaSupernova
White dwarf star with a massive binary companion. Accretion 
pushes white dwarf over the Chandrasekhar limit, causing 
thermonuclear disruption

Good standard candle because:-

Narrow range of luminosities at maximum light
Observable to very large distances



Some examples of B band SNIa light curves

Narrow range of brightness at 
maximum light indicates a good 
Standard Candle
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We can measure this using Supernovae
and the background radiation



Geometry of the Universe affects 
the relationship between distance 
and redshift of the supernovae

Closed Open Flat



log z

Accelerating model

Decelerating model

Models with different 
geometries

Hubble diagram of distant Type Ia supernovae

Straight line 
relation nearby

Perlmutter (1998) results



Answer depends on the geometry of the 
Universe

Closed Open Flat



Results:

The expansion is accelerating

The geometry of the Universe is FLAT 

The Universe will continue to expand 
indefinitely





What is driving the cosmic acceleration?What is driving the cosmic acceleration?……
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The Concordance Model, consistent with:
CMBR and Supernovae (+ GRBs),
Weak and strong gravitational lensing,
Statistics of galaxy surveys,
Galaxy cluster abundances,
Galaxy peculiar velocities,
Ages of star clusters,
X-ray observations of clusters…
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22%

74%
Why does 96% of the Universe consist 
of ‘strange’ matter and energy?



The future of the Universe:The future of the Universe:--

No 
Big Crunch!!!




