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Hertzsprung-Russel Diagram
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Two hydrogen nuclei merge fo produce deuterium nucleus, a
positron,and a neutrino. Add another hydrogen and you get

helium 3 and a gamma photon (enerqgy). Two Helium 3 merge
and produce helium 4 and ftweo Hydrogen nuclei.
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Stellar Energy
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Stellar Energy

Two hydrogen nuclei merge fo produce deuterium nucleus, a
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Two hydrogen nuclei merge fo produce deuterium nucleus, a
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Two hydrogen nuclei merge fo produce deuterium nucleus, a
positron,and a neutrino. Add another hydrogen and you get

helium 3 and a gamma photon (energy). Two Helium 3 merge
and produce helium 4 and ftwo Hydrogen nuclei.
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Two hydrogen nuclei merge fo produce deuterium nucleus, a
positron,and a neutrino. Add another hydrogen and you get

helium 3 and a gamma photon (energy). Two Helium 3 merge
and produce helium 4 and two Hydrogen nuclei.
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Two hydrogen nuclei merge to produce deuterium nucleus, a
positron,and a neutrino. Add another hydrogen and you get

helium 3 and a gamma photon (energy). Two Helium 3 merge
and produce helium 4 and fwe Hydrogen nuclei.
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Stellar Energy
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Two hydrogen nuclei merge fo produce deuterium nucleus, a
positron,and a neutrino. Add arother hydrogen and you get
helium 3 and a gamma photon (energy). Two Helium 3 merge
and produce helium 4 and ftwo Hydrogen nuclei.
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Two hydrogen nuclei merge fo produce deuterium nucleus, a
positron,and a neutrino. Add another hydrogen and you get
helium 3 and a gamma photon (energy). Two Helium 3 merge
and produce helium 4 and two Hydrogen nuclei.
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Two hydrogen nuclei merge to produce deuterium nucleus, a
positron,and a neutrino. Add another hydrogen and you get

helium 3 and a gamma photon (energy). Two Helium 3 merge
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Two hydrogen nuclei merge to produce deuterium nucleus, a
positron,and a neutrino. Add another hydrogen and you get

helium 3 and a gamma photon (energy). Two Helium 3 merge
and produce helium 4 and fwo Hydrogen nuclei.
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Two hydrogen nuclei merge fo produce deuterium nucleus, a
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helium 3 and a gamma photon (energy). Two Helium 3 merge
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Two hydrogen nuclei merge to produce deuterium nucleus, a
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3He Is Created
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Stellar Energy

Two hydrogen nuclei merge to produce deuterium nucleus, a
positron,and a neutrino. Add another hydrogen and you get
helium 3 and a gamma photon (energy). Two Helium 3 merge
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Two hydrogen nuclei merge fo produce deuterium nucleus, a
positron,and a neutrino. Add another hydrogen and you get
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Two hydrogen nuclei merge fo produce deuterium nucleus, a
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Stellar Energy
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Two hydrogen nuclei merge fo produce deuterium nucleus, a
positron,and a neutrino. Add another hydrogen and you get
helium 3 and a gamma photon (energy). Two Helium 3 merge
and produce helium 4 and two Hydrogen nuclei.
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CNO Cycle

- The higher the temperature, the
more important the production of

energy from the CNO.

| N
- For stars less than 1 solar mass

proton-profon cycle dominates.
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CNO Cycle

- The higher the temperature, the
more important the production of

energqy from the CNO.

- For stars less than 1 solar mass
proton-protfon cycle dominates.
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CNO Cycle

- The higher the temperature, the
more important the production of

energqgy from the CNO.

- For stars less than 1 solar mass
proton-profon cycle dominates.
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CNO Cycle
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CNO Cycle
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CNO Cycle

- The higher the temperature, the
more important the production of

energy from the CNO.
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CNO Cycle

- The higher the temperature, the
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CNO Cycle

- The higher the temperature, the
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CNO Cycle

- The higher the temperature, the
more important the production of

energy from the CNO.

- For stars less than 1 solar mass
proton-profon cycle dominates.

Alpha Particle Released,
and 12C Remains

® == Neutron == Proton

120
?J'f..
|




CNO Cycle

- The higher the temperature, the
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energy from the CNO.
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CNO Cycle
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CNO Cycle
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CNO Cycle
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CNO Cycle
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CNO Cycle
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CNO Cycle

- The higher the temperature, the
more important the production of

energy from the CNO.

- For stars less than 1 solar mass
proton-profon cycle dominaftes.
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CNO Cycle

- The higher the temperature, the
more important the production of

energy from the CNO.
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CNO Cycle
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CNO Cycle

- The higher the temperature, the
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The Death of Stars




Pressure Balance in a Star

Thermal Pressure = Force of Gravity




Model of an Atom

..an atom consists of mostly empty space ...
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Electron Degeneracy Pressure
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Radius = N
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= Pauli Exclusion Principle:
No two electrons (fermions) can occupy the same
position in space at the same time doing the same

thing.

= Electrons are packed side
by side in a white dwarf

= This prevents it from
collapsing any further
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Electron Degeneracy Pressure
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Radius = N
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= Pauli Exclusion Principle:
No two electrons (fermions) can occupy the same
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Electron Degeneracy Pressure

Radius = \fe_ d
8Gm,m M
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Electron Degeneracy Pressure
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Electron Degeneracy Pressure

2 hZ‘
Radius = N3

e 8Gm,m M Ny

(5_95x1056)§ 2.7x107" ' m

-
&
(%]
- |
|
i

L

i 8

[T
5
]
L
B
4]



Electron Degeneracy Pressure
2 h>

Radius = N} G v
/ m,m | \

(5_95x1056)§ 2.7x107" ' m

~10"m

L3

=
(%]
= |
|
1 ] I""
4
5
i
-y
B
1]
|
I.
i
i
=
W
] i
']
|
o



Path to being a White Dwarf

Outer layers driven off Quter layers become
by radiation pressure f_hr;etawf ¥ n::;ia a
biar expands sheil of exp o
Shefl tinally dissipates,

to red giant as

ydrogen in its SN ——
ore is used up.
. With no fuel available for

Low mass siar like the

Saum, barning hyd = it to burn, core star cools,

becomes a white dwart.

Evolution of Solar Mass Star

7 solar mass star now reduced to about 20% of rts
original mass
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Properties of White Dwarfs

= Helium exhausted, core collapses until density forces
electrons to leave their orbits around the atomic
nuclei.

= _..are found in the centers of planetary nebula.

= ...have masses less than the Chzs
(1.4 Solar Masses).




Properties of White Dwarfs

= Helium exhausted, core collapses until density forces
electrons to leave their orbits around the atomic

nuclei.
= ...are found in the centers of planetary nebula
1 ...havg masses less than the Chandrasekhar mass

(1.4 Solar Masses).




White Dwarf Properties

..Nhave diameters about the same as the Earth’s.
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White Dwarf Properties

..have diameters about the same as the Earth’s.




Look in the Middle




Cat’s eye nebula




Spirograph Nebula







Eskimo Nebula




Above the Chandrasekhar Limit




Above the Chandrasekhar Limit

* The maximum mass of a white
dwarf is 1 4 solar masses
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Above the Chandrasekhar Limit

» The maximum mass of a white
dwarf is 1 4 solar masses

= Above this, even clectron
: pressure cannoft
counterbalance gravity

» What is the fate of a star
more massive than this?




Above the Chandrasekhar Limit

= The maximum mass of a white
dwarf is 1 4 solar masses

= Above this, even electron
legeneracy pressure cannot
counterbalance gravity

Can you feel

the
= What is the fate of a star suspense?

more massive than this?




A Super Nova
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A Super Nova

Not what
you
thought?
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Type II Supernovae: Birth of a Neutron Star
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- The core survives and is prevented from collapsing any further by
neutron degeneracy pressure

- These are the fype of supernovae we are inferested in.
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- The core survives and is prevented from collapsing any further by
neutron degeneracy pressure

» These are the fype of supernovae we are inferested in.
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