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The Orion Nebula




Forming stars



Forming stars
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Gas pressure trying

to expand the cloud FO 'm | ng StarS
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Gravity

Collapse often caused
by the shock wave

Gravity trying to from a Supernova
collapse the cloud







Hydrogen fusion — fuelling a star’s nuclear furnace

Pressure H = Hydrogen
He = Helium
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o

Attractive

, Potential
Energy

_/

Nuclear fusion only occurs at very
high temperatures, because atomic
nuclel tend to repel each other
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Stars on the
Main Sequence
turn hydrogen
intfo 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

Fhotosphere
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Hydrogen
burning in the core



When the fuel runs out: formation of a red giant




Interior of a red giant star




Planetary Nebula NGC 6751




White dwarfs: earth-sized stellar relics
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Mark A, Garlick

space-art.co.uk




Interior of a very massive star

H== He

He == C,0

C == Ne, Mg

0= SIS
51,5 = Fe
Fe








































Crab Nebula: supernova of 1054




Supernova 1987A, In the
Large Magellanic Cloud










Supernovae

Putting the Iron In




Stars radiate equally in all directions

This gives rise fo the Inverse-Square Law:

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



Early 20t Century

The nature of
the nebulae?...

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







Cepheids In the Great
Nebula in Andromeda
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~Hubble measured distances to
- dozens of nearby nebulae

~ Even the nearest,
- in Andromeda, was
millions of light -
®ears distant




Hubble also measured
the shift in colour, or

, of the light
from distant galaxies.




Hubble also measured
the shift in colour, or

, of the light
from distant galaxies.

Galaxy

Laboratory




Hubble’s Law: 1922
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Distant galaxies are receding from us with a
velocity proportional to their distance
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Hubble’s Interpretation

‘Recession of the Nebulae’
caused not by the motion
of galaxies through space,
but the expansion of space
Itself between the galaxies
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How fast is the Universe expanding?
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HST Key Project

MeaSure Cepheld distances to =30 nearby galaxies,
Link Cepheids to Secondary distance indicators




Will the Universe continue
to expand forever?

Is the Universe speeding
up or slowing down?




Answer depends on the geometry of the
Universe




Answer depends on the geometry of the
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Answer depends on the geometry of the
Universe

Closed




Answer depends on the geometry of the
Universe




We can measurethis using

|




Type la Supernova

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

Accretion disk o

Good standard candle because:-

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




Some examples of B band SNIa light curves
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We can measurethis using
and the background radglation




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

Closed
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Models with different
geometries

Straight line
relation near|by

Supernova
Cosmology
Project

Accelerating model

Decelerating model




Answer depends on the geometry of the
Universe




The geometry of h‘ue Universe is FLAT

The Universe wil continue to expand
indefinitely

The expansion Is accelerating




A Eiretain. s bonder Prrp b, Do 4%, 1506

1916 A Y.

ANNALEN DER PHYRIK.
VIEKTE FOLGE. BAND 49,

e e —_— e == — =

1, ThHe Grundiage
der alligemeinen Reoletivltiisthemrie;
o A, Einstedn.

Dis im nsckfolgenden |_E:|rg|-|-|_l'|-l ThersE Hildest dos denk
lar writgehendste Vorallgrmemerung der hewle allgemwin wls
wHalabivitbtstheorie" Bemiebnoten Theorie; die lebxtare nenpe
ieh im lixjpencien 2ar Tntarsahs il!lll_o-'__ voin der erstaran TR B
Belgbiviiitethencte und asize #in ale bekaast vorsss, Die
Yerullgpmemerung  der  Belabivibiitatheorts  wurds  sshr er
ledehitert dureh die Geshalt, welchs der spemellen Relstivithis-
theoria doredy Minkowski gegeben worde, weleher Matha-
matiker mpret din formmle Gleichweariiskedit der eAnmlichen
Koordimaten upd der S=bikoordingte klar erdmomte and . far
deny Amfban der Theorie mulelar machis, Ihe fir dis all-
gamaing Halativitbistheorse niligen  mathemstischen  Hilds-
mitLal bgan fertlg bareit in dem |, abscloten Differendaalkslical™,
wilehar anl dep Forgchungen vwom range,; Bismann umi
Christoffel] whar nablenkbdiethe Mannsglaltykaten rakt el
vom RKiaei wnd Levi-Civila im oem Hwyslem gebracht umd
haraite anf Problema der theorediseben Fhysik anpewended
worde. Ich hake im Absebmitt B der vorlieganden A4 hhend.
:'|;||||_:: alls fir une ndtigen, bea dem oy siker nicht als bekapnt
voramsoscizenden malhemmmaiseien  Hillamittal i ||.|'q.;|i|":||-'.
pinfochar uwnd duerchsebdiger Weise enfwickalt, 0 daf &m
Abpfine Eotlheematisoher Literatur fr das Verslindeas der
1.'.'\-7'|i|-¥.-||||.-l|1 Abhendlung nieht prioederlich =i, Bndlich soi
an dieser BEolls demkbar foelnes Freondes, des Muthamstbilors
{irossmann, gedscht, der mir durch aems Hilts ni=hd nar
dae Stediam dex r'J.II:-':"lll;j.L'Et"l- malhemalishen Literstor ec-
-c:_\-u:lq;ll pemdern mieh aseh i Snchen neeh den Feldgleschem-
pem der Graviisbion anferatiizte.
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The type la supernova SNLS-03D3bb from a super-
Chandrasekhar-mass white dwarf star

D. Andrew Howell!, Mark Sullivan!, Peter E. Nugent?, Richard S. Ellis®, Alexander J. Conley?,
Damien Le Borgne*, Raymond G. Carlberg!, Julien Guy®, David Balam® Stephane Basa’,
Dominique Fouchez®, Isobel M. Hook”, Eric Y. Hsiao®, James D. Neill®, Reynald Pain®,
Kathryn M. Perrett!, Christopher J. Pritchet®
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94720 USA

3California Institute of Technology, E. California Blvd., Pasadena, CA 91125, USA
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SLPNHE, CNRS-IN2P3 and Universi ty of Paris VI & VII, 75005 Paris, France

6 Department of Physics and Astronomy, University of Victoria, PO Box 3055, Victoria, BC V8W
3P6, Canada

"LAM CNRS, BPS8, Traverse du Siphon, 13376 Marseille Cedex 12, France

8CPPM, CNRS-IN2P3 and University Aix Marseille II, Case 907, 13288 Marseille Cedex 9,
France

9 University of Oxford Astrophysics, Denys Wilkinson Building, Keble Road, Oxford OX1 3RH,
UK

The acceleration of the expansion of the universe, and the need for Dark Energy, were in-
ferred from the observations of Type Ia supernovae (SNe Ia)'2. There is consensus that SNe
Ia are thermonuclear explosions that destroy carbon-oxygen white dwarf stars that accrete
matter from a companion star®, although the nature of this companion remains uncertain.
SNe Ia are thought to be reliable distance indicators because they have a standard amount
of fuel and a uniform trigger — they are predicted to explode when the mass of the white
dwarf nears the Chandrasekhar mass* — 1.4 solar masses. Here we show that the high red-
shift supernova SNLS-03D3bb has an exceptionally high luminosity and low kinetic energy
that both imply a super-Chandrasekhar mass progenitor. Super-Chandrasekhar mass SNe
Ia should preferentially occur in a young stellar population, so this may provide an explana-
tion for the observed trend that overluminous SNe Ia only occur in young environments ™%,
Since this supernova does not obey the relations that allow them to be calibrated as standard
candles, and since no counterparts have been found at low redshift, future cosmology studies
will have to consider contamination from such events.
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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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Why does 967% of the Universe consist
of strange’ matter and enerqgy?




The Tuture of the Universe:-
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Big Crunch!!!






