
This Class (Lecture 11): 

Why does the Sun Shine? 

Music: Sonne– Rammstein 

Next Class: 

Why is the Sun yellow? 

HW3 due on Sunday 

Exam 1 on the 25th! 

Next Friday is Exam 1. How many questions should 

be on the exam? 

a)! 25 

b)! 30 

c)! 35 

d)! 40 

e)! 45 

•! Exam 1 in this classroom on Sept 25th 

•! 35 Multiple choice questions 

•! Will cover material up to and including today. 

•! May bring 1 sheet of paper with notes 

!! Both sides 

!! Printed/handwritten/whatever.. I don’t really care 

•! Major resources are lecture notes, in-class 

questions, and homeworks 

•! Try to understand major points more than 

anything.   

•! Will create and post a study guide 

•! Dates: 

–! Monday, Sept. 21st 

–! Tuesday, Sept. 22nd 

–! Wednesday, Sept. 23rd 

–! Thursday, Sept. 24th 

–! Monday, Sept. 28th 

–! Tuesday, Sept. 29th 

–! Wednesday, Sept. 30th 

–! Thursday, Oct. 1st 

Go to assignment page on 

class website for more info. 

You MUST download 

worksheet before you go. 

Can be cloudy, so check 

webpage before you go. 



•! Computer labs to look 

for real killer asteroids. 

•! Dates: 

–! Monday Sept 28th 

–! Monday, Oct 5th 

–! Monday, Oct 12th 

•! Places: 

–! Nevada Labs 

–! Oregon Labs 

•! Limited space each day, 

so you MUST have a  

reservation for that day 

and that lab! 

•! See Assignments 

webpage for more info 

and to sign up! 

•! Lectures are cancelled 

for those dates. 

•! The Sun is aging… 

•! It will run out of fuel… 

•! Even still it will get hot on Earth before that… 

•! After being dropped into suspended animation in a 

Pizza accident a billion years ago, you awake to a 

crazy new world. 

•! Disregarding the signs warning people to stay 

underground, you wander outside and see that the 

Sun is only about 10% more luminous, but it is 

crazy hot and the oceans are shrinking. 

•! As you quickly succumb to heat stroke, you 

wonder what Leslie said about Solar Evolution so 

many years ago. 

•! After being transported forward in time after being 

hit by a spiraling phone booth six billion years 

ago, you awake to a crazy new world. 

•! The Sun is Red?  And super hot. 

•! The entire Earth’s surface is molten rock during 

the day, slightly cooling at night. 

•! As you burn in pain, you wonder what Leslie said 

about Solar Evolution so many years ago. 



2.! Solar Evolution! 

The Sun seems eternal, but it is changing.  It has already changed 

quite a bit, and it will end! 

I mean rock impact may never happen, but this is going to happen. 

The Sun will become a Red Giant, then a White Dwarf, and the 

party stops! 

http://www.youtube.com/watch?v=Q-jsJF09AHA 

Visual radius   109 Earth 
Mass     3.3 x 105 Earth 
Luminosity    3.9 x 1026 W 
Surface temperature  5800 K 
Central temperature  1.5 x 107 K 
Rotation period   25 days 

In general, a very 

typical star.   Keep 

in mind that it is 

really a ball of gas. 

http://sohowww.nascom.nasa.gov/data/realtime/mpeg/ 

•! The Sun’s size is 

constant.  

•! No weatherman says it 

will be especially hot 

tomorrow as the Sun’s 

size will be increasing. 

•! Not expanding or 

collapsing.  

•! The Sun is stable! Why? 

http://www.londonstimes.us/toons/index_medical.html 

http://sohowww.nascom.nasa.gov/data/realtime/eit_304/512/ 



•! Not trivial, could have 

gone the other way 

•! Think: Sun is made of 

gas, yet not like a 

cloud, for example, 

which is made of gas 

but size, shape changes 

all of the time 

•! Not a coincidence: 

really good reason 

http://www.londonstimes.us/toons/index_medical.html 

•! What keeps gravity from collapsing the Sun? 

•! What keeps the Sun from exploding? 

•! What is pressure? 

–!  Pressure 

•! Explain blowing up a balloon? 

•! http://www.phy.ntnu.edu.tw/java/idealGas/idealGas.html 

Pressure of Earth’s 

atmosphere is 14.7 

pounds per square 

inch 

The Battle between Gravity and Pressure 

Gravity pushes in 

The heat pressure  

must push out. 

Hydrostatic equilibrium:  Balanced forces  



What does hydrostatic equilibrium do? 

a)! Keeps the Sun burning H into He. 

b)! Keeps the Sun from turning into a big cloud in 

the shape of a bunny. 

c)! Keeps the Sun a flattened disk. 

d)! Keeps the Sun a stable size.  

e)! Keeps the Sun unstable. 

U.S. electricity production in 2006:  4.1 trillion kWh… 

… Sun = 3 x 107 times this every second 

A 100W light bulb… 

…the Sun could supply 4 x 1024 light bulbs! 

World’s nuclear weapons:  3 x 104 megatons… 

… Sun = 4 million times this every second 

3.85 x 1026 Watts, but how much is that? 

•! The Sun does not collapse nor even change it’s radius. 

•! Gravity pushes in, but what pushes out? 

–! Okay, heat, but what makes the heat? 

•! What is its power source? 

•! What keeps the Sun hot?  It doesn’t cool like a hot coffee 
cup.   

•! Biggest mystery in Astronomy up until 20th century. 

•! Without an energy source, the Sun would rapidly 
cool & contract 
–! Darwin:  evolution needs Sun & Earth to be > 108 years 

old 

–! Lyell:  geological changes also need > 108 years 

•! Process must be able to power Sun for a long 
time!  At least 4.5 Byrs. 



Discuss with neighbors possible heating 

possibilities.  List at least 2 possibilities, even 

if you know the correct one.  List all feasible 

ideas. 

Then, click  

B on your 

iclicker. 

•! Gravity: 
–! Seems like a good idea.  Remember Jupiter gives off 

heat. 

–! A contracting Sun releases gravitational energy. 

–! But only enough for 20 million years 

•! Chemical: 
–! If the Sun was made from TNT, something  

that burns very well, then it would last  
for only 20,000 years 

•! Need something more powerful! 

! 

4 p"
4
He (2p,2n)

Basic idea is to take 4 protons (ionized 

hydrogen atoms) and slam them together 

to make an ionized helium atom. 



•! Light nuclei:  fusion 

–!Fuse together light atoms 

to make heavier ones 

–!Happens in the Sun 

–!H-Bomb 

•! Heavy nuclei:  fission 

–!Break apart heavier atoms 

into lighter ones 

–!Used in power plants 

–!A-Bomb 

Fusion 

Fission 

The Proton-Proton (p-p) Chain 

•! Proton-Proton Chain 

–! 4 hydrogen atoms 

fuse to make 1 

helium atom 

–!Requires very high 

density and 

temperature (at 

least 7 million K) 

Fusion:   

Fact: 4m(p) > m(4He) ! 

 mass of whole < mass of parts! 

Einstein says E = mc2:  

•! Mass is a form of energy! 

•! Each 4He liberates energy: 

•! Okay, so we 

know that the 

nucleus can 

have numerous 

protons (+’s) 

very close. 

Helium 

•!Something 

is odd here! 

•!What is it? 



•! Why doesn’t 

the nucleus of 

the atom fly 

apart? 

•! Discuss with 

neighbor, then 

click A on 

your iclicker 

Helium 

•!Something 

is odd here! 

•!What is it? 

•! Gravity 

•! Electromagnetic 

•! Strong Nuclear 

–!The strongest of the 4 forces 

–!The force which holds an atom’s nucleus 

together, in spite of the repulsion between 

the protons.  

–!Does not depend on charge 

–!Not an inverse square law– very short range.  

•! Weak Nuclear 

The Proton-Proton (p-p) Chain 

•! Proton-Proton Chain 

–! 4 hydrogen atoms 

fuse to make 1 

helium atom 

–!Requires very high 

density and 

temperature (at 

least 7 million K) 

http://www.youtube.com/watch?v=Czbh_sdqX84 

•! Chain:  4 protons    helium 

•! First step in chain (2 protons combine): 

•! Start with 2 particles (protons)  

•! End up with 4 particles (two of which are glued 

together) 

•! each of products is very interesting in its own 

right.... 



[np] = deuterium 

•! 1 proton + 1 neutron bound together into nucleus of element… 

•! Hydrogen, but has neutron, so 2 times mass of normal H 

•! “Heavy Hydrogen” 

•! Simplest composite nucleus 

Discovery of D in lab:  Nobel Prize 

about 0.01% of all H on earth is D 

!! including in your body:    

you contain about 10 kilos (20 lbs) of H, and about 2 grams of D 

!! Water (normally H2O) with D is D2O :  “heavy water" 

e+ = positron 
•! Exactly the same as electron but charge +1 

•! Antimatter 

•! Combines with normal e- 

–! Both are gone, release of energy 

–! Annihilation 

Discovery of positron in lab:  Nobel Prize 

Because of this reaction 

"! The Sun contains a small amount of 
antimatter! 

!! (Greek letter “nu”) = neutrino 

#! Particle produced in nuclear reactions only 

#! Tiny mass: m(!) < 10-6m(e) ! 

#! Moves at nearly the speed of light 

#! Very weakly interacting 

Discovery of neutrino in lab:  Nobel Prize 

10 billion from Sun go through hand every sec 

"! Reach out! 

"! Go through your body, Earth, but almost never interact 

•! Sun is currently 

stable 

•! Pressure from  

the radiation  

created by  

fusion balances  

the force of  

gravity. 

•! Gravity is balanced 

 by pressure from fusion! 



Nuclear Fusion in the Sun’s Interior 

The Proton-Proton Cycle 

•! Proton-proton in stars like the Sun 

•!Hydrogen fused to make helium 

•! 0.7% of mass converted to energy 

The Sun is a mass of incandescent gas 
A gigantic nuclear furnace 
Where hydrogen is built into helium 
At a temperature of millions of degrees 

The Sun is hot, the Sun is not 
A place where we could live 
But here on Earth there'd be no life 
Without the light it gives 

We need its light 
We need its heat 
The Sun light that we seek  

The Sun light comes from our own Sun's atomic energy 

The Sun is a mass of incandescent gas 
A gigantic nuclear furnace 
Where hydrogen is built into helium 
At a temperature of millions of degrees 

The Sun is hot 

The Sun is so hot that everything on it is a gas: Aluminum, Copper, Iron, and many others  

They Might Be Giants 
Why Does The Sun Shine  

The Sun is large... If the sun were hollow, a million Earth's would fit inside  

And yet, it is only a middle-sized star 

The Sun is far away... About 93,000,000 miles away  

And that's why it looks so small  

But even when it's out of sight 

The Sun shines night and day  

We need its heat, we need its light  

The Sun light that we seek  

The Sun light comes from our own sun's atomic energy  

Scientists have found that the Sun is a huge atom smashing machine  

The heat and light of the sun are caused by nuclear reactions between Hydrogen, Nitrogen, 
Carbon, and Helium  

The Sun is a mass of incandescent gas  

A gigantic nuclear furnace  

Where Hydrogen is built into Helium  

At a temperature of millions of degrees  

A star is in hydrostatic equilibrium.  What does that mean? 

a)! Pressure from fusion is pushing back against the force 
from planetary orbits. 

b)! The star’s radius does not change much. 

c)! Pressure from fusion is winning the war against gravity. 

d)! Gravity is perfectly balanced with electromagnetism. 

e)! None of the above. 


