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· Stellar Birth

· Universe is filled with hydrogen and helium
· Known as Interstellar Medium (ISM)
· Sometimes the gas comes together to form a nebula

· If a nebula becomes self-gravitating, it collapses upon its own weight
· During this process, heat is formed

· Known as the Kelvin-Helmholtz Contraction, where gravitational forces are converted into thermal and/or light energy
· When it (the core of the nebula) becomes hot enough for nuclear fusion reactions to happen, a star is born

· All stars are born main sequence stars

· Main sequence star – star that has nuclear fusion reactions going on inside its core, where hydrogen is being fused together to form helium OR a star in its hydrogen burning phase OR a ZAMS (Zero Age Main Sequence) Star.
· The ZAMS (Zero Age Main Sequence) Mass a star is born with will determine how a star will be born, evolve, and die

· Large ZAMS mass = hot main sequence temperature (O or B)

· Medium ZAMS mass = medium main sequence temperature (like the Sun)

· Low ZAMS mass = low main sequence temperature (K or M)
· There are minimum and maximum masses to put a star in the main sequence category
· Brown dwarf stars (L stars) – Has less than the minimum weight to become a star (nuclear fusion reactions do not even happen inside the core) – 8% of a solar mass
· Gas giant planets are basically the same as brown dwarf stars except the way they are formed
· Formed from Kelvin-Helmholtz Contraction – Brown dwarf star
· Formed in disc around a normal star – Gas giant

· Eddington luminosity – any star with a greater luminosity than 100 solar masses will blow itself apart because the outward radiation pressure and luminosity is greater than the inward gravity.
· Stellar Evolution

· Large mass stars (O, B, A) burn their hydrogen faster than low mass stars (K, M)
· The lower you go on the main sequence, the longer the life of the star

· O = 1 million years

· B = 10 million years
· A = 100 million years 

· F = 1 billion years

· G = 10 billion years

· K = 100 billion years

· M = Unknown / Forever / 1 trillion years

· Stellar Death
· Dependent on the ZAMS Mass
· Low Mass Stars (A, F, G, K, M) – More Common

· Very low mass star (K, M)

· A helium white dwarf forms instead of a carbon white dwarf (because helium burning never begins due to lack of gravity)
· We do not have any helium white dwarfs in our Universe

· Normal low mass star (A, F, G)

· Lots of carbon white dwarfs in our Universe right now

· Most common type of star in the solar neighborhood is an M main sequence

· Begins when hydrogen runs out (core is pure helium)

· Core collapses and gets hotter

· Outer layers of the star get larger, cooler, and brighter

· Sun will become a red giant in 5 billion years

· Helium burning begins (helium starts to participate in nuclear fusion reactions) (each stage like this takes less and less time the more stages you have)
· Carbon forms and stabilizes the core
· The core eventually fills up with carbon (run out of helium) and destabilizes and becomes another red giant

· Core eventually stops collapsing due to the Pauli’s Exclusion Principal (electron degeneracy pressure)
· No two electrons can occupy the same space

· Core is now stable, but is very small and very hot

· Energy radiating from the core pushes layers of the star away from the core, exposing it (aka a White Dwarf, the core of a star)
· A slowly expanding shell of gas known as a planetary nebula surrounds the white dwarf
· The planetary nebula eventually dissipates back into the Interstellar Medium (ISM)

· High Mass Stars (O, B) – Very rare

· Ordinary high mass stars

· Neutron star left over

· Super nova remnant also left

· Very high mass stars

· Black hole left over

· More violent deaths than low mass stars

· Carbon burning begins (to form oxygen, the star does not form a white dwarf like low mass stars)

· Core is now pure oxygen so oxygen burning begins (to form neon)

· Core is now pure neon so neon burning begins (to form silicon)

· Core is now pure silicon

· This process keeps going until we reach iron

· All elements in the Universe were made (synthesized) from high mass stars (except hydrogen and helium)
· Some low mass stars make carbon
· Star stops at iron (most stable of all the nuclei, and you cannot split iron)

· Iron core is the size of the Earth and is being kept stable via electron degeneracy pressure (Core is an iron white dwarf)
· Star becomes a red super giant

· Iron core is still unstable (!) so this reaction may happen:

· Electron capture: Proton absorbs an electron converts itself to a neutron and splits out a neutrino
· Neutron degeneracy pressure halts star collapse (core is now the size of a city)
· Supernova explosion: After this partial collapse, the core radiates so much energy that it obliterates a solar system

· Leftover: Neutron star (gravity of a neutron star (due to its mass) warps the fabric of time and space around it) (radiates x-rays)
· Night would turn to day for a few weeks if a supernova explosion happened about 5 light years away from the Earth (it’s THAT bright)
· Stars go supernova once every 100 years for any galaxy

· Supernova dates: (in our galaxy over the past 1000 years)
· April 30th, 1006

· July 4th, 1054 (Crab nebula created)

· August 6th, 1181

· November 6th, 1572 (Tyco supernova)

· October 9th, 1604 (Kepler’s supernova)

· Monday, February 23rd, 1987 07:35:35 Universal Time: Supernova 1987A
· Cutoff between low mass stars and high mass stars (whole star): 7 to 9 solar masses

· Cutoff between low mass stars and high mass stars (core only): Chandrasekhar mass: 1.44 solar masses (Maximum mass of an object that can be supported under electron degeneracy pressure and maximum mass of a white dwarf)

· Core < 1.44: (low mass star) will die as a white dwarf with planetary nebula (about 1 solar mass)
· Core between 1.44 and 2.44: (high mass star) will die and leave a neutron star (about 2 solar masses)
· Core > 2.44: (very high mass star) will die and leave a black hole (about 3 solar masses)
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