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H-R Diagram



Evolution Of Single Star

EVOLUTION OF SINGLE STAR

• Initially the chemical composition of the energy producing core 
and the envelope are the same, about ¾ H and 1/3 He. 

• Nuclear fusion takes place at the core and/or at the shell 
around the core. Tcore = central temperature

• Tcore  a10 mk H o He

• Tcore  a100 mk He o Li o Be o B o …. C (carbon)

• Tcore  a600 mk C o N o O  o ..... o Fe (iron)

• Stellar evolutionary model shows that as a star ages (tn),
tn, Hcorep , Hecoren, Rcorep , Tcore n , Rstar n. 

• That is a star expands as it ages.



Stellar Evolutionary Models



Nuclear Fusion In Stellar Interior, Hydrogen



Nuclear Fusion In Stellar Interior, Helium



Core Of Evolved Massive Star



Death Of Single Stars

• Initial Mass (mo) Final State at end of its life

• �0.01 Planet 

• 0.01 to 0.08 Brown dwarf 

• 0.08 to 0.25 White dwarf made mostly of helium 

• 0.25 to 8-10 White dwarf made mostly of carbon and oxygen 

• 8-10 to 12 White dwarf made of oxygen-neon-magnesium 

• 12-40 Supernova explosion that leaves a neutron star 

• !40 Supernova explosion that leaves a black hole  

• Property White Dwarf Neutron Star 
• Mass limit �1.4 mo !1.4 mo

• For Mass 1.0 mo
• Radius 5000 km 10 km
• Density 5x105 g/cm3 1014 g/cm3 



Formation Of White Dwarf



Chandrasekhar Limit



Roche Equipotential Surfaces In Close Binary System



Mass-Transfer In Close Binary System



Mass Reversal In Binary System



Type Ia Supernova Explosion



White Dwarf Detonation



Types of Supernova Explosion



The Difference In Light Curves



Spectroscopic Differences

TYPES OF SUPERNOVAE

Type Ia Type II
• Source White dwarf in Binary Massive star

• Spectrum No hydrogen lines Hydrogen lines 

• Peak Sharp 1.5 mag brighter type II Broader when 
graphed vs time

• Light curve All have same Mbol Different mag
Rapid rise, Decay with 
several-weeks Half-life

• Location All types of galaxy Spiral only 

• Expansion 10,000 km/sec 5,000 km/sec 

• Radio Absent Present 
radiation

• Hydrogen No Hydrogen lines H Balmer spectrum



Standard Light Curve For Type Ia Supernova



Method of Distant Measurement 



Hubble Red shift vs Distance



Hubble Diagramin 1929



Expanding Universe



Historical Values of Hubble Constant



Nearby Galaxies from Supernova Ia



Cosmic Background Radiation – Strongest Evidence of BB



Hubble Constant and Age of Universe



Look back Time





Inflational Universe



Geometries of Universe



Geometry of Distribution



All-Sky CMB Anisotropy Map



Flat Universe



Angular Size Fluctuation Confirms Flat Universe



Einstein’s Cosmological Constant



Supernova Ia result of Recent Development on Cosmology



Impact of Type Ia On Modern Cosmology
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Common Envelope Evolution


