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Dust



O: blue
S: red
H: green

Cygnus Loop - supernova remnant,
Exploded 20,000 years ago, distance 120 ly







>300 protostars 2 pre-main-sequence stars



Pre-main sequence evolutionary tracks



Supermassive star, originally M~100 to 200 Msol









Stars about to burn H





Lt = fMc2
t α Mc2/L             L α M3.5

t α M-2.5



Red dwarfs

85% of all stars

0.08 Msol
to 
0.4 Msol

Burn all H to He,
then cool and 
move down the 
main sequence

Evolution of low-mass stars



Early and middle evolution of stars with more than 0.4 Msol





Post main-sequence evolution



Helium fusion:            4He +4He +4He è 12C + γ
12C + 4He     è 16O+γ



Cepheids: 
important for distance 
determinations



H-R diagram of a globular cluster (M55)

L/Lsol=(M/Msol)3.5

t/tsol = =(M/Msol)-2.5

For turnoff point:
M/Msol = (L/Lsol)1/3.5

=  (2/1) )1/3.5

=  1.22
t/tsol.      =(1.22)-2.5

=0.61
t           = 6 Bill yr.



H-R diagram of a globular cluster (M55)



Simulation of the 
evolution of a 
cluster 
from 0 to 4.5 
billion years



The turnover 
point gives 
the age (yr) 
of the cluster 
(in red).



Binaries

Each star in a binary system has a Roche lobe.
Within a Roche lobe, orbital material is bound to the star.  



A companion star can influence the evolution


