!'_ Chapter 12

Stellar Evolution
(aka: The Life & Death of a star)



i Leaving the Main Sequence

A All stars go through stages #1 -7 like
weove already di scu

A All stars spend most of their lives on the
Main Sequence

A Whereon the M.S. Is dependent on how
big the star Is



i How do we know this?

A Imagine taking a picture of everyone in
Manhattan T what would you see?

A Some old, some young, some middle aged




i Low vs. High

A Low-mass, or smaller stars live long and

boring lives
AANd they di e ngentl y
time)
A High-mass, or larger stars live like rock
stars

A Party hard, die young, go out in a blaze of
glory



i Dividing Line
A Remember, our Sun & smaller iIs
classified as a dwarf

A 10x bigger is a giant

A The line between Low & High Mass
stars IS ~ 8 solar masses

Al Nsol ar masso = our



i Fusion rates

A Fusing hydrogen into helium can only
occur in temperatures > 10 million
Kelvin
A For a low-mass main sequence star like our

Sun, this occurs mostly in the core

A Fusing helium into heavier elements
requires hotter temperatures, so
something has to change to make this
possible




i That delicate balance

A The heat generated by fusion pushes
out against gravity

A As a star runs out of hydrogen, the heat
drops and gravity wins the battle again

A This In turn, makes the heat rise and
speeds up the fusion of hydrogen
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i Now It gets Interesting

A As the fusion speeds up, the outward
push can beat out gravity

A Now the star will get physically bigger and
become a red giant

A The transition to Red Giant takes about
100,000,000 years



i Back to the H-R Diagram

AAs t he star gets DI
temperature drops a
Increases slightly

A The star moves from Stage #7 (main
seguence) into Stage #8 (subgiant)
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i Stages #8 & 9

A In Stage #8, the star is only 3 times
bigger than in Stage #7

A But In Stage #9, the star becomes
enormous

A Up to 100x bigger than Stage #7

A By this point, our Sun will have consumed
Mercury



i Stage #9

A By Stage #9, much of the hydrogen has
been replaced by the heavier helium

A25% of the staros ma
a core only a few times bigger than Earth

A Arcturus Is a low-mass Red Giant

A It emits 100x more energy than our Sun,
most of it in the infrared spectrum
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i Helium Fusion

A A star will continue to grow for ~ 100
million years until the core temperature
reaches 100,000,000 K

A Now Helium can fuse into Carbon
A This transition Is known as a Helium

Flashi a very violent explosion lasting
only a few hours




iNot real l y a 06

A As the star burns helium, It gets hotter,
but it actually produces /essenergy

A SO0 It moves left (hotter) and down
(dimmer) on the H -R Diagram

A Stage #10 finds a star moving
horizontally on the H-R diagram
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i Stage #11

AAsS hel il um fuses 1 nt
supply of helium diminishes

A This leaves a carbon rich core at the center
of the star

A This again causes the star to swell and
Increase Its rate of fusion
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i Death

A Once a star runs out of helium to fuse
Into carbon, the core cools off and
shrinks

A There Is still hydrogen and helium
fusion going on in the outer shells of
the star

A Just not enough to push out against
gravity



i Two pleces

A In stage #11, the star briefly hit
dsupergiant o status
ever gets

AAt t he outer edges,
enough to hold everything in



i Stage #12

A This leaves the star In two distinct
pieces
A Core (hot & bright)
A Cloud of dust & cool gas

A This creates the beautiful planetary
nebula

A Has nothing to do with planets



i Emission vs. Planetary

A Remember, an emission nebula is
emitting light
A These are the birthplaces of stars

A A planetary nebula Is spewing charged
particles (that glow) into space
A This signals the death of a star



i White Dwarf

A As the atmosphere of the Red Giant
star Is stripped away only the dense
core Is left behind

A White Dwarf stars are about the size of
the Earth, but still as massive as the
sun

A Hence, very dense



i Stage #13

A Since fusion is no longer occurring, the
light Is created by glowing heat

A White Dwarf stars are dim, but still
quite hot

A Lower left hand corner of H-R Diagram




This graphic shows the entire evolution of a Sun-like star.

Such stars never become hot enough for fusion past carbon
to take place.



