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· Astrophysics – Physics of stars
· 600,000 km in radius
· Sun is 93 million miles away from Earth

· Sun is 1 million times the size of Earth

· Sun is more than 1,000 times the combined mass of the rest of the Solar System

· To find the mass of the Sun, use Kepler’s 3rd Law: p2 = [{(4()2} / (G*M)] * (a3)
· Sun holds the Solar System together
· Sun is 75% hydrogen and 25% helium

· We figured this out by capturing and studying the Sun’s spectrum

· There are other elements, but they are in small amounts

· Sun’s surface temperature is 5,800/6,000 kelvins

· Calculate the Sun’s power output by collecting the amount of light coming from the Sun

· Called the Solar Constant, but it can change depending on how close or far away you are from the Sun

· We get 1,400 watts for every square meter

· Watt – Unit of power output

· Amount of energy the source of light is radiating every second

· Luminosity – Same as watts

· Intensity – How bright an object appears to be based on your distance from the object

· 1026 watts is the power output of the Sun
· I = P / 4(r2
· Power output ( (temperature)4
· Kelvin-Helmholtz Contraction – While a self-gravitating blob is collapsing, it converts gravitational energy to heat energy

· Where the Sun got its energy while it was being born, but it lasted only a few million years

· Forces of nature (strong to weak)

· Strong nuclear force – holds protons and neutrons together in the nucleus; also holds quarks together (which build protons and neutrons)
· Fission reactions – Take a heavy nucleus (lots of energy) and split it

· You can split atoms with neutrons

· Atomic/nuclear bomb

· Uncontrolled explosion – Explosion

· Controlled explosion – In a reactor

· Activation energy – You need to put some energy in to get some energy out

· Used inside current nuclear reactors

· Weaker than Fusion reaction

· Like exploding kilotons (thousands of tons) of TNT

· Fusion reactions – Fusing two nuclei
· You need a fission bomb to detonate a fusion bomb

· You need a temperature of 15 million kelvins for fusion reactions to happen

· Hydrogen/thermonuclear/fusion bomb

· Like exploding megatons (millions of tons) of TNT

· Fusion reactors would solve the world’s energy problems

· Emits helium as byproduct

· Electromagnetic force

· Weak nuclear force – Responsible for certain radioactive decays
· Gravitational force

· The Sun’s core is 15 million kelvins

· Formula proposed for what’s going on inside the core of the Sun – The Proton-Proton Cycle (nuclear reaction):
· Step 1: Proton + Proton ( Deuteron + Antielectron (positively charged, aka positron) + Neutrino (takes about 5 million years for this reaction to happen)
· A Neutrino coming out of this reaction means that it is govern by the weak nuclear force so it’s weak and slow which disproves this whole formula
· Step 2: Proton + Deuteron ( Helium 3 Nucleus + High energy photon (gamma ray)

· Step 3: Helium 3 + Helium 3 ( Helium 4 and some protons

· Simplification: 4 protons ( Helium 4 + High energy photons (gammy rays) + 2 neutrinos

· In the core of the Sun hydrogen is being converted to helium

· When the entire core is converted to helium, stellar death begins
· Alfer, Beth, and Gamow – Gamow proposed the cycle, Alfer helped out, and Beth was just Gamow’s friend that did nothing, but was listed on there to make a joke
· Known as the Alpha Beta Gamma paper which explained how the Sun gets its energy (the proton-proton cycle)
· Antimatter – Antineutron, antielectron, and antiproton
· When a proton, neutron or electron meets it’s anti, they destroy one another and become pure energy

· Quantum mechanics revealed Heisenberg’s Uncertainty Principal which says you cannot know where both an object is and how fast it’s going at the same time

· This proves fusion reactions are happening inside the core of the Sun
· The reason why the Sun shines is because there is so much hydrogen in the core of the Sun so we still get a big number no matter what

· E = mc2 (energy can be converted into matter and vice versa)

· What happens to the high-energy photons and neutrinos in the Sun?

· High-energy photons

· High energy photons try and escape from the core but they can’t because the Sun is so hot

· Sun is made up of plasma which are electrons (charged particles) separated from the nuclei and they bounce off of one another
· Photons bounce off of these and move around randomly (random walk)
· Takes a few hundred thousands year to millions of years

· Radiation zone – Layer of the Sun where protons are trying to get out of the core of the Sun

· The Sun (plasma) is opaque

· Convection zone – Energy is transferred by convection cells (rising and falling blobs of plasma heated by the photon energy)

· Photosphere – Layer of the Sun we actually see

· Surface of the Sun is grainy (granulation)

· We can see convection cells under the photosphere (evidence of plasma)

· Light – rising blobs

· Dark – sinking blobs
· Neutrinos

· Neutrino – Neutral particle and has little mass, doesn’t really interact with anything, but it rips through almost anything
· Sun gives us:
· Light (not just visible light)

· Solar wind

· Neutrinos (they rip right through the Earth and everything else)

· The data we collected from the Sun’s core is a million years old

· The neutrinos give us real-time info about the Sun’s core (about 8 minutes late)

· Neutrino detectors are giant tanks of water underground

· The Solar Neutrino Problem

· We only detect 1 neutrino every 24 hours, but we should be detecting a lot more (we only detect 1/2 to 1/3)

· Neutrinos might change flavors (aka neutrino oscillation) and we’re not detecting them
· We made new detectors to detect all flavors

· Helioseismology – Study of the Sun’s earthquakes (waves within the Sun)

· Sun is in gravitational equilibrium
· Sun is being pulled inward by gravity, but something is keeping it from doing this

· Outward pressure from the Sun’s core is keeping the Sun from changing shape/size
· Sun’s Magnetosphere

· Complex because of Sun’s differential rotation (Different parts of the Sun rotate at different rates)
· Magnetic field lines can get stretched (the more they stretch, the more pressure they store)
· When magnetic lines break, they reconnect
· They can either reconnect on two spots or at one point (known as anchor points)

· Eruptions on the Sun can follow the magnetic field lines

· Two points

· One point has a North magnetic polarity and the other has a South magnetic polarity

· Causes prominence (Arches)

· One point
· Causes solar flares (Jut out into space)

· Powerful solar flares can disrupt electronic equipment on Earth

· Anchor points are cooler (plasma is being pulled up here) and because of this they are colored black (known as Sun Spots)

· Sun spots has a temperature of 5000 kelvins and only look black because the Sun is so damn bright compared to the Sun Spot

· Sun’s Atmosphere

· Mostly hydrogen and helium

· Lowest layer – Chromosphere
· Rest of it – Corona – million of kelvins

· Corona is being heated by prominences (hotter than the surface of the Sun)
· You can only see the Sun’s corona around the Moon during a solar eclipse

· Corona primarily radiates x-ray light and you can see it with an x-ray telescope
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