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White Dwarf 
Evolving (dying) Red 
Giant star Roche Lobes 

Accretion Disk 

Roche Lobe filled 

Later…. 

more later…. 



The Light Curve of a Nova Explosion 

Nova explosions occur when some matter 
from the red giant star falls onto the 
superdense companion white dwarf. 



Nova Herculis 1934  

These two pictures show a Nova  
(a)  shortly after peak brightness as a magnitude –3 star and  
(b)  2 months later, when it had faded to magnitude +12. Novae are named 

after the constellation and year in which they appear. 



Type 1a Supernova! 
In a Binary system, a White Dwarf can take on material but, if 
it’s mass exceeds 1.4 solar masses (the Chandrasekar limit), 
the entire white dwarf ignites and explodes!! 

http://www.youtube.com/watch?v=t_-nkS3MdXI 
http://www.youtube.com/watch?v=Z4l6jqKL5Qo 

Before: 1.4 Solar Mass white dwarf. 
After: Expanding shell of gas, the entire star is obliterated!	




Type 1a 
Supernovae 

SN 2011dh 
M51-Whirpool Galaxy 
d=25 million light years 
>100 billion stars. 
 

SN 2011fe 
M101-Pinwheel Galaxy 
d=21 million light years 
>200 billion stars. 
 



Supernova Light Curves 

A Type Ia supernova, which gradually declines 
in brightness, is caused by an exploding white 
dwarf in a close binary system.  
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 Tycho’s Supernova, in Cassiopeia, one of about eight supernovae visible to 
the naked eye in historical records. It burst forth in early November 1572, and 
is about 10,000 light years away. 

Tycho’s Supernova  
(1572, Type 1a) 



Kepler’s Supernova  
(1604, Type 1a) 

  

A supernova that occurred in the Milky Way. Seen by Kepler in 1604, and it is the most 
recent supernova to have been unquestionably observed by the naked eye in our own 
galaxy, occurring at a distance of only 20,000 light-years from Earth. 
  
Visible to the naked eye, Kepler's supernova was brighter at its peak than any other star in 
the night sky, and brighter than all the planets other than Venus, with an apparent 
magnitude of −2.5. It was visible during the day for over three weeks.  



Every Type Ia Supernovae has the same Absolute 
Magnitude of M=-19.6. 

 
Since all Type 1a supernovae occur at the same star mass of 1.4xMsun, the peak 
light output from such a supernova is always approximately the same, with 
an absolute magnitude of M=-19.6.  
 
1.  Thus, if we observe a type 1a supernova in a distant galaxy, we can measure 

m, and assume M=-19,6, and use the Magnitude-Distance relationship to 
find the distance d of the host galaxy! 

2.  Because type 1a supernovae are so bright, it is possible to see them at very 
large distances, out to a billion parsecs, which is a significant fraction of the 
radius of the known Universe. 
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Type Ia Supernovae are often referred to as 
standard candles because they are all the same.	




High-mass stars can produce Type II supernovae and become 
neutron stars or black holes.  

After the Main Sequence: High Mass Stars 
M>8xMsun	




After the Main Sequence: High Mass 
M>8xMsun 

•  A massive star (starting at more than about 8 solar masses) will 
use up its core hydrogen relatively quickly.  The core will then collapse. 

•  The core heats up, and helium is fused into carbon.  After this, carbon and 
helium can fuse into oxygen. Eventually elements up to iron are formed 
in successive stages. 





Fate of a High Mass Star 

•  Stars can’t fuse iron together, so once the core of the star is all 
iron, there is no fusion energy source to keep the star stable, 
and it will start to collapse because of the tremendous gravity. 

•  How to counter gravity and keep the star from collapsing: 
–  Heat pressure from nuclear fusion in the core. 
–  Electron degeneracy pressure (white dwarfs)  
           (mass limit 1.4 solar masses) 
–  Neutron degeneracy pressure  
          (mass limit 3 solar masses) 

•  So 2 cases for the remaining core of star. 
1.  If core mass M<3xMsun àType II Supernova+Neutron Star. 
2.  If core mass M>3xMsun àBlack Hole. 



After the Main Sequence: High Mass 

•  Eventually elements up to iron are formed in successive stages. 
•  Iron fusion does not produce energy, so there is no energy source to halt 

the gravitational collapse. 
•  If the initial mass of the star is more than about 8 solar masses, the 

core will be too massive to form a white dwarf, since at that stage the 
gravity is stronger than the electron degeneracy pressure. The collapse 
continues. 

•  Protons and electrons are fused to form neutrons.  The core collapses to 
a very tiny size, liberating a huge amount of energy.  The collapse is 
stopped by neutron degeneracy pressure. The outer layers are 
blown off in a type II supernova explosion. 
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Type II Supernova explosion 

1. The iron core 
collapses 

2. Neutrons stop the 
collapse 

3. The rebound of the core sends 
shock waves causing an explosion 
that blows the outer atmosphere 
into space as a Type II Supernova 

Neutron Star Formation, Black Hole Formation.flv 



Type II Supernova explosion 



Type 1a is a binary system with a White Dwarf 
Type II: Massive Star with M>8MSUN 



Supernovae remnants, nebula. 

•  Several solar masses of material is ejected into space by the explosion. 
•  Many supernova remnants are known. 

http://www.youtube.com/watch?v=jy4MuyZNuZk 



                                       The Crab Nebula (SN1054) 
•  A supernova that, according to the Chinese, exploded in 1054.  
•  Despite a distance of ~ 7,000 light-years, the supernova was brighter than 
Venus for weeks before fading from view after nearly two years. 
•  A supernova can be a billion times brighter than the Sun at its peak. 

•  Even today, the nebula is still 
expanding at more than 3 
million miles per hour. 



Supernovae Remnants 

•  Several solar masses of material is ejected into space by the explosion.  
•  Many supernova remnants are known. 
•  This is the Gum Nebula, which exploded 11,000 years ago. 



Supernovae 

•  Supernovae are rare events.  One occurred in a relatively nearby galaxy 
in 1987, called SN1987A. 



Supernova 1987A  

A supernova was discovered in a nearby galaxy called the Large Magellanic Cloud 
(LMC) in 1987. At its maximum brightness, observers at southern latitudes saw 
the supernova without a telescope. (Insets) The star before and after it exploded. 



SN1987A 

•  SN1987A has been closely studied since with the Hubble Space 
Telescope and other telescopes. 

http://www.youtube.com/watch?v=xNfKafcHHtU 



Iron	


 
 
If stars didn’t go supernova, then there wouldn’t be any heavy elements like 
Copper, Silver, Tin, Mercury, Lead, Gold… on Earth! 	


Elements made 
inside stars	


Elements only made in 
supernovae explosions	




Supernovae 

•  Material is returned to the interstellar medium, to be recycled in the next 
generation of stars. 

•  Owing to the high temperatures, lots of exotic nuclear reactions occur, 
resulting in the production of various elements.  All of the elements past 
iron are produced in supernovae.  

•  http://www.usagold.com/reference/creation-of-gold.html 
•  Most of the atoms in your body came from a massive star! 


