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Star Formation 



CHAPTER 10 
The Lives of the Stars 



•  The stars do not fall on 
random locations in this 
diagram! 

•  What does this mean? 
•  This diagram gives us clues 

to inner workings of stars, 
and how they evolve. 

•  The Main Sequence is the 
red line in the middle. Most 
stars fall on the main 
sequence. 

•  Our Sun is a G2, main 
sequence star with M=4.8 
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The Protostar 

•  This diagram shows how a star moves through the temperature-
luminosity diagram as it forms. 



Pre-Main-Sequence Evolutionary Tracks 

This H-R diagram shows 
evolutionary tracks based 
on models of stars having 
different masses.  

 
•  All tracks terminate on the 
Main Sequence Line 

•  As the initial gas cloud 
collapses, matter accretes 
together and forms a 
protostar. 

•  When accretion stops, a 
pre-main sequence star 
is formed. 



Stellar 
Evolution 

The Evolution of a 
Theoretical Cluster 
of 100 proto-Stars 



Stellar Groupings 

•  To understand how many different types of stars evolve, one 
can study all the stars in a single group of stars. Why? 

 
1.  The distance across a group is relatively small, which means 

the stars in the group have roughly the same distance from 
us. This means that if some stars appear brighter than others 
to us, they really are brighter since all the stars in the cluster 
are about the same distance from us. 

2.  The stars in a single group typically have formed together, 
rather than being “captured” after formation. This means 
the stars in the group all have the same age and the 
same chemical composition. 



Open Star Clusters 

•  Star clusters can be roughly classified based on how tightly 
bound together they are. 
§  Open clusters are less compact, and generally have relatively 

small numbers of stars (a few hundred stars). 

 Pleiades	




Globular Star Clusters 

§  Globular clusters are more compact, and generally have 
relatively large numbers of stars (a few hundred thousand). 

M69 in the constellation Sagittarius.	




Finding the Age of a Star Cluster 

Each dot plotted on this H-R diagram 
represents a star in NGC 2264 (Cone 
Nebula in Orion) whose luminosity 
and surface temperature have been 
measured. Note that most of the cool, 
low-mass stars have not yet arrived at 
the main sequence. Calculations of 
stellar evolution indicate that this star 
cluster started forming about  
           3-5 million years ago. 





Stars in the Pleiades Cluster 

H-R diagram of stars in the Pleiades. Note that most of the cool, low-mass stars 
have arrived at the main sequence, indicating that hydrogen fusion has begun in 
their core. The cluster is about 100 million years old, and contains ~500 stars. 



Structure of the H-R Diagram for old star clusters 

 The black bands indicate where data from various star clusters fall on the H-R diagram. 
The ages of turnoff points (in years) are listed in red alongside the main sequence. The 
age of a cluster can be estimated from the location of the turnoff point, where 
the cluster’s most massive stars are just now leaving the main sequence. 



A Globular Cluster 

This cluster, M10, is about 85 ly across and is located in the constellation 
Ophiuchus (the Serpent Holder), roughly 16,000 ly from Earth. Most of the 
stars here are either red giants or blue horizontal-branch stars. 



An H-R Diagram of an old Globular Cluster 

Stars in the globular cluster M55. Note that the upper half 
of the main sequence is missing. Cluster age ~ 13 Billion Years! 



How long does a star live? 
Mass-Luminosity Relation 

•  The luminosity L of a star represents the amount of energy emitted 
per second. L~mass4.  There must be a source of this energy, it 
cannot last forever. 

•  The amount of fuel a star has is proportional to its initial mass. 
•  A Star’s lifetime on the Main Sequence is roughly equal to the 

amount of fuel divided by the consumption rate. 
•  Age ~ mass/luminosity = mass/(mass)4=1/(mass)3 
                                                          

        Lifetime ~ 1/mass3 
 

•  More massive stars “die” much more quickly than less massive 
stars. So if you double the mass, the lifetime drops by a factor of 8!	


•  On the main sequence, O and B stars (the bluest ones) are the most 
massive. Their lifetimes are the shortest.	


 



Mass-Age Relation 



Older stars… leaving the Main Sequence 

Eventually, as hydrogen fuel in the core is consumed, stars 
begin to leave the main sequence.  

Their evolution from then on depends very much on the mass 
of the star: 

•  Low-mass stars go quietly. 

•  High-mass stars go out with a bang! 



Stellar Evolution	




•  Coolest and dimmest of all MS stars. They remain on MS hundreds of 
billions of years. A low-mass main-sequence star of spectral class M. 

•  When all the H is converted to He fusion ceases, they cool down, 
moving down and to the right in the H-R diagram. 

Very Small stars: 
8% < M < 40% MSUN 

 

Red Dwarfs 
 



Sun like stars: 0.4 < M < 2 MSUN 

(a)  Hydrogen fusion occurs in the core of main-sequence stars.  
(b)  When the core is converted into helium, fusion there ceases and then begins in a 

shell that surrounds the core. The star expands into the giant phase. This newly 
formed helium sinks into the core, which heats up.  

(c)  Eventually, the core reaches 100 Million K, whereupon core helium fusion begins. 
This activity causes the core to expand, slowing the hydrogen shell fusion and 
thereby forcing the outer layers of the star to contract. 



The Sun Today and as a Giant 

In about 5 billion years, when the Sun expands to become a giant, its 
diameter will increase a hundredfold from what it is now, while its core 
becomes more compact. The Sun’s diameter will be about 100 times larger, 
and it will be about 2000 times more luminous as a giant than it is today. 



A Mass-Loss Star 

A red giant star is shedding its outer layers, thereby creating this 
gaseous nebula. The star is embedded inside the nebula and is 
not visible in this image. 



Red Giant Stars 

This composite of visible and infrared images shows red giant stars in the 
open cluster M50 in the constellation of Monoceros (the Unicorn). 



Post–Main-Sequence Evolution of 
the Sun 



Post–Main-Sequence Evolution	


Model-based evolutionary 
tracks of five stars are shown 
on this H-R diagram. In the 
high-mass stars, core helium 
fusion ignites smoothly 
where the evolutionary 
tracks make a sharp turn 
upward into the giant region 
of the diagram. 



From Fusion 

What holds a star up while it 
is on the Main Sequence? 

While the star is a Main Sequence star it is stabilized by gravity and the gas 
pressure from fusion. When the star stops fusing, gravity is greater and the 
core contracts and gets hotter. When the core fuses again the envelope 
expands and cools. 


