
Stellar Evolution
Exam 3: Thursday April 18



Logistics

• Test 3 will be 4/18 (NOTE THE CHANGE)

• MRS 3 assigned today, not due until 4/23



MRS 3
• First read the article: “Wiping out predators messes up the climate”              

http://www.newscientist.com/article/mg21729055.300-wiping-out-top-predators-messes-up-the-climate.html

1. What question are the scientists trying to address?

2. What is trophic cascade?

3. Describe the experiment used to carry out the study

4. What were the results?

5. Do the implications of the results seem important? Why or why not?

6. What questions do you have about the study?

• Then read the science journal article: “Predator-induced reduction of 
freshwater carbon dioxide emissions”

• http://www.nature.com/ngeo/journal/v6/n3/full/ngeo1734.html

1. Did the Nature Geoscience letter answer your previous questions?

2. Did you learn any additional information by reading the original source 
material?

3. Are you convinced that the results are accurate? Why or Why not?

4. What additional experiment would you do?

http://www.newscientist.com/article/mg21729055.300-wiping-out-top-predators-messes-up-the-climate.html
http://www.newscientist.com/article/mg21729055.300-wiping-out-top-predators-messes-up-the-climate.html
http://www.nature.com/ngeo/journal/v6/n3/full/ngeo1734.html
http://www.nature.com/ngeo/journal/v6/n3/full/ngeo1734.html


GTA Award
The Graduate Teaching Assistant Excellence Award is an internal initiative which is 
intended to promote, recognize, and reward exemplary performance among graduate 
teaching assistants assigned to PTYS undergraduate courses. The award consists of 
an expense-paid trip to a domestic (continental U.S.) professional meeting chosen 
by the recipient, who must separately negotiate terms of the award (e.g., maximum 
reimbursable expenses) with the Head/Director. The Department is prepared to make 
one award per semester. All graduate teaching assistants assigned to PTYS courses 
are eligible, whether or not their home department is PTYS. The nomination and 
selection process involves two steps:

Nominations for the Graduate Teaching Assistant Excellence Award must 
come from students enrolled in one of our undergraduate courses. 
Instructors will be asked to announce this award in their classes and to 
direct their students’ attention to the nomination forms and a collection box, 
both of which will be placed in the atrium.



The Lives of Stars



When core hydrogen fusion ceases, a 
main-sequence star becomes a giant

• When hydrogen fusion ceases in the core, the star 
will collapse inward – this  causes the layer just 
outside the core to become so hot and dense so that 
hydrogen fusion will begin in this outer layer.

• The energy produced by hydrogen fusion in this 
layer just outside the core causes the rest of the star 
to expand into a giant star. 

• Stellar burp!



Helium fusion begins at the core 
of a giant

• While the exterior layers expand, the helium core 
continues to contract and eventually becomes hot 
enough (100 million Kelvin) for helium to begin to 
fuse into carbon and oxygen
–core helium fusion
–3 He ⇒ C + energy and  C + He ⇒ O + energy 



Main Sequence Stars become Red Giants

Helium fusion 

Hydrogen fusion 
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after being main 
sequence stars?

Red Giants 
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The Life of a Star



Main Sequence Stars become Red Giants

Helium fusion 

Hydrogen fusion 



What happens after core helium fusion 
stops?

The shell and core equilibrium game 
continues!

Depending on the mass of the star, 
heavier elements are produced: carbon, 

oxygen, neon, silicon, the heaviest 
element being iron.

We are all made of Star Stuff!!  



So what happens after the giant phase?

It depends on the mass of the star!

Low Mass stars (< 8 M ) have a 
different fate from 

High Mass stars (> 8 M ) 



Example of a low-mass giant:
its outer layers and core



• The core runs out of fuel!
• Shell fusion begins outside the core. 
• Eventually the process shell fusion creates too much 

outward pressure and energy which explosively 
pushes out the outer layers of the star and produce a 
planetary nebula. 

Low Mass stars (< 8 M ) 
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The burned-out core of a low-mass 
star becomes a white dwarf

• Surrounding planetary nebula disperses 
leaving behind just the remaining WHITE 
DWARF



White Dwarf

• A core with remaining mass less than 1.4 M. 
• These tiny star remnants are approximately the 

size of planet Earth 
• One cubic centimeter (like a sugar cube) of a 

White Dwarf star would weigh several tons.



Ring Nebula

White Dwarf
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What happens to white dwarfs? 
Do they just sit there??

If the white dwarfs are isolated, yes. 
They will just cool down 

HOWEVER, if they are in a binary 
system:



white dwarf

Sirius and its White Dwarf companion



BUT: White dwarfs are not always left alone. Sometimes they can 
have a companion star! As its companion evolves and gets bigger, 
the white dwarf can steal mass from it. The stolen matter forms an 
external layer which can quickly ignite and shine brightly creating a 

Nova.  



What’s a Nova?

• A nova occurs in binary systems 
where a white dwarf is pulling 
mass from its companion.

• A nova is a relatively gentle 
explosion of hydrogen gas on the 
surface of a white dwarf in a 
binary star system.  

• This process does not damage the 
white dwarf and it can repeat.



Sometimes the mass transfer can be excessive. So excessive 
that the white dwarf will not be able to support the mass it 
gains. It becomes a SUPERNova!  Brightest explosions in 
the Sky
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So what is the fate of our Sun? 

• Since the Sun has a mass less than  8 M 
and since it is alone without a 
companion, it will become a White 
Dwarf and then slowly cool



High Mass Giant Stars (> 8 M ) 
Have a Different Story

• Fusion in the core continues through many more 
stages than for low mass stars

• Heavier elements are produced: 
– carbon, 
– oxygen,
– neon, 
– silicon, 
– and so on up to iron

• We’re all made of star stuff!!



A series of different types of fusion 
reactions occur in high-mass stars 



Core runs out of fuel!
Gravity (       ) wants to collapse the star!

 

    



High-Mass Stars (> 8 M ) 

• The core and outer layers run out of fuel. 
• The star then collapses, due to gravity. 
• The mass, however, is high enough that 

nothing can balance the gravitational 
collapse and…..



Kaboom!
Supernovae -Type II

• The collapsing outer layers of the star will 
collapse against and bounce outward off the 
compact collapsed core in an explosive event 
sending out a shockwave. This explosive event 
is called a Type II Supernova!!!

• During the Supernova, heavier elements are 
created, like magnesium, lead, or gold. 



A Supernova Type II 
occurred here before we did.

• The atoms that created our world and solar 
system come from nuclear fusion in stars and 
from Supernovae events! 

• We are all made of star stuff!



Gravity (        ) wants to collapse the star 

No outward pressure = implosion

Rebound of outer 
layers against the 
core = supernova

High-Mass Stars (> 8 M ) 



After

Before
Supernovae can be as bright as a whole galaxy!
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What happens to the core 
after a supernova?

–the whole story depends on mass!
• neutron star (8-25Msun on Main Sequence)

–the really big ones: remaining mass of 1.4 M to 
about 3 M

• black hole (>25 Msun on Main Sequence)
–the really really big ones: remaining mass greater 

than 3 M



Neutron Stars

• A core with remaining mass of 1.4 to 3 M, 
composed of tightly packed neutrons. 

• These tiny stars are much smaller than planet 
Earth -- in fact, they are about the diameter of 
a large city (~20 km).

• One cubic centimeter (like a sugar cube) of a 
neutron star, would have a mass of about 1011 
kg! (hundreds of billions of pounds!)



Neutron Star



Neutron Star

Supernova



Pulsars – The discovery of rotating 
neutron stars

• First detected in 1967 by Cambridge University 
graduate student Jocelyn Bell.

• She found a radio source with a regular on-off-on 
cycle of exactly 1.3373011 seconds.

• Some scientists speculated that this was evidence of 
an alien civilization’s communication system and 
dubbed the source LGM (Little Green Men!!!)

• Today, we know pulsars are rapidly spinning neutron 
stars.



Lighthouse Model



Black Holes

• A remaining core with a mass of more than 3 
M, will continue to collapse into an infinitely 
small location in space. 

• We cannot observe what is left behind, 
directly. We can only detect its presence if it 
has a companion star, and it attracts material 
in an accretion disk.



Black Holes

A black hole is a collapsed stellar core. It is a 
location in space of enormous gravitational 
attraction. The gravitational attraction is so 

strong that photons of light can not even escape 
(that’s why it’s black)!



Black Hole



To detect a black hole, we look for the x-rays given off by 
material as it falls toward the black hole.
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Tutorial: Stellar Evolution (p.133)

• Work with a partner!
• Read the instructions and questions carefully.
• Discuss the concepts and your answers with one 

another.  Take time to understand it now!!!!
• Come to a consensus answer you both agree on.
• If you get stuck or are not sure of your answer, ask 

another group.


