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ISOCHRONE
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CLUSTERS IN COMPARISON



HOMEWORK

▸ Try to find the turn off point and put into an age order



HOMEWORK



STARS ON HR DIAGRAM



HR DIAGRAM - EVOLUTION



TOWARDS MAIN SEQUENCE



PROTOSTARS
▸ Earliest phase of stellar 

evolution 

▸ Molecular clouds  

Stellar nursery 

▸ Molecular Hydrogen (H2) 

▸ Infrared 

▸ Pillars of Creation  

@Eagle Nebulae 

▸ Left: 4 Lightyears long



PROTOSTARS
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MAIN SEQUENCE



ZAMS
ZERO AGE MAIN SEQUENCE

▸ Energy Production⬇ 

▸ Mass compress 

▸ Fusion Rate⬆ 

▸ Energy Production⬆ 

▸ Star expands 

▸ Core pressure ⬇

HYDROSTATIC EQUILIBRIUM
Star is stable during Main Sequence



ENERGY PRODUCTION

0.08M☉ 1.5M☉ 1.8M☉

▸ Nuclear reaction rates are very sensitive to core temperature!

T4

T18



MAIN SEQUENCE



TAMS
TERMINAL AGE MAIN SEQUENCE



THE EFFECT OF METALLICITY ON MS
Hydrogen mass fraction 

X= 0.7381 

Helium mass fraction 

Y = 0.2485 

Metallicity  

Z = 0.0134

X + Y + Z = 1 



END OF MS



RED GIANT PHASE



STELLAR INTERIOR



HELIUM FLASH



FINAL STAGES - ASYMPTOTIC GIANT BRANCH



EJECTING OUTER LAYERS



LEFT OVER: WHITE DWARF



LEFT OVER: WHITE DWARF



LEFT OVER: PLANETARY NEBULAE



WHITE DWARF TYPES



NUCLEAR TIME SCALE

f = fraction of nuclear fuel available for fusion 

𝜀 = efficiency of matter-energy conversion 

M = mass of the star 

L = luminosity of the star



NUCLEAR TIME SCALE

M⊙= 1 

t⊙ = 10 billion years

t
t⊙

= ( M
M⊙ )

−2.5



EXERCISE

▸ What is the main-sequence lifetime of a 15 M⊙ star? 

▸ t = 1 x 1010 x (15)-2.5 

▸ t = 11.5 x 106 years



SUMMARY - LOW MASS EVOLUTION



HIGH MASS STARS



ONION SKIN



IRON: LAST STATION



SUPERNOVA
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