
Questions to be addressed: 



The gas clouds are cold (20K) and dusty 





Initial cloud with some rotation 

 Cloud spins up as it collapse 

A protostar 











mass(4He) = 0.993{mass(H)+mass(H)+mass(H)+mass(H)} 

mass loss is 0.007{mass(4H)} = 5 x 10-29 kg 

E=mc2=(5 x 10-29)(3 x 108)2 = 4 x 10-12 joules 

How many fusions per second? 

Solor Luminosity = 4 x 1026 joules/sec 

4 x 1026 joules/sec 
----------------------- = 1038 fusions/sec = 200 million tons/sec!!! 
4 x 10-12 joules 

Actually, about 500 million tons/sec are needed! 



Thermal 
Pressure 

Gravitational 
Contraction 





This balance between 
weight and pressure is 
called  hydrostatic 
equilibrium. 

The Sun's core, for 
example, has a 
temperature of about 16 
million K.  

How does a 
star hold itself?!



Air temperature inside drops below 
the set point of the thermostat 

Electrical signal triggers 
ignition of furnace 

Furnace burns oil/gas 
and generates heat 

Heat is absorbed by water 
running near furnace 
causing water temperature 
to rise 

Hot water is circulated  
throughout house 

Radiators transfer energy 
from water to air 

Air warms thermostat until 
electrical signal is shut off 

Furnace shuts off 

My House’s Thermostat 



Outward thermal pressure of core 
is larger than inward gravitational  
pressure 

Core expands 

Expanding core cools 

Nuclear fusion rate 
drops dramatically 

Outward thermal pressure 
of core drops (and becomes 
smaller than inward grav. pressure) 

Core contracts 

Contracting core heats up 

Nuclear fusion rate 
rises dramatically 

The Solar Thermostat 





1.  How is the helium core of a star 
supported? 

2.  What causes the expansion of a star 
to become a red giant? 

3.  What is a supernova? 
4.  When does a massive star explode 

as a supernova?. 



• Main Sequence stars are all fusing H to He in their cores.	

• Life time of a star is determined by its mass.    	

       lifetime ~ 1/M3	

    Massive stars: more fuel , 	

                            but consume faster   	

• Nature makes more low-mass stars than high-mass stars. 
Low-mass stars also live longer. That is why there are a lot 
more low-mass stars.	


What happens after the main sequence (when 
hydrogen in the core runs out)?	






Hydrogen 
fuel 

Hydrogen 
burning core 

Helium 
“ash” 

Anatomy of a Main Sequence Star 

shell 



Eventually, hydrogen will burn only in the outer parts of the 
mostly-helium core.  The star will swell to enormous size and 
luminosity, and its temperature will drop, becoming a red 
giant. 

Sun today 

Sun in ~5 Gyr 



Indistinguishable particles 
are not allowed to stay in 
the same quantum state.	




For a star with M<Msun, the carbon core 
never gets hot enough to ignite nuclear  
fusion. 



The Sun will expand and cool again, becoming a red (super) 
giant.  Earth, cooked to a cinder during the red giant phase, will 
be engulfed and vaporized within the Sun.  At the end of this 
stage, the Sun’s core will consist mostly of carbon, with a little 
oxygen. 











Supernova 1987a before/after 









Mass controls the 
evolution of a star! 

M < 8 MSun M > 8 MSun 

Mcore < 3MSun 
Mcore > 3MSun 





We were all once fuel for a stellar furnace.  
Parts of us were formed in a supernova. 





 Which is the faintest? the 
sun, an O star, a white dwarf, 
or a red giant? 
 Which of these star is the 
hottest? 
 What are Sun-like stars (0.4 
Msun < M < 8 Msun) in 
common? 
 What about red dwarfs (0.08 
Msun < M < 0.4 Msun) ? 
 Where do stars spend most 
of their time? 

O 

What is the order of stellar evolution of 
a star like the Sun? 



Where does the energy come from in a star like the Sun? Why?	

	
Nuclear fusion.	


What elements can such a star produce?	

	
Carbon and Oxygen.	


Why cannot the star produce heavier element?	

	
not enough mass to reach the temperature.	


Why more massive stars have higher central temperatures?	

	
high pressure to balance the gravity.	


What is the heaviest element that can be fused into in a star? Why?	

	
Iron, which is the most bound nucleus.	




1.  How is the helium core of a star 
supported? 

2.  What causes the expansion of a star 
to become a red giant? 

3.  What is a supernova? 
4.  When does a massive star explode 

as a supernova?. 


