Astronomy 150:
Killer Skies I
This Class (Lecture 11):
Why does the Sun Shine?

Next Class:
Why is the Sun yellow?

HW3 due on Sunday

Exam 1 on the 25!

Music: Sonne— Rammstein

Exam 1

Exam 1 in this classroom on Sept 25t
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

Question

Next Friday is Exam 1. How many questions should

be on the exam?

a) 25
b) 30
c) 35
d) 40
e) 45

Night Obs

* Dates:

— Monday, Sept. 21%

— Tuesday, Sept. 22"d

— Wednesday, Sept. 231
— Thursday, Sept. 24"

— Monday, Sept. 28t

— Tuesday, Sept. 29t

— Wednesday, Sept. 30t
— 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 Outline

* The Sun is aging...

» Computer labs to look * Limited space each day, * It will run out of fuel...

for real killer asteroids. 50 you MUST have a « Even still it will get hot on Earth before that. ..
o Dates: reservation for that day

— Monday Sept 28 and that lab!

— Monday, Oct 5% * See Assignments

— Monday, Oct 12t webpage for more info
« Places: and to sign up!

— Nevada Labs * Lectures are cancelled

— Oregon Labs for those dates.

® Mark A. Garlick
space-art.co.uk

» 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. y

¢ * The Sun is Red? And super hot.

"+ The entlre Earth’s surface is molten rock during
htly coohng at night.




Top 10 Ways Astronomy Can
Kill you or your Descendents

Earth-Sun Comparison

2. Solar Evolution!
In general, a very

typical star. Keep
in mind that it is

The Sun seems eternal, but it is changing. It has already changed really a ball of gas.
quite a bit, and it will end!

I mean rock impact may never happen, but this is going to happen.
Visual radius 109 Earth

The Sun will become a Red Giant, then a White Dwarf, and the Mass_ _ 3.3 x 10° Earth
party stops! Luminosity 3.9x10% W
Surface temperature 5800 K
Central temperature 1.5x 107K
Rotation period 25 days

LIVE from the Sun Question of Stability

e 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://soh .Nascom.nasa. ‘data/realtime/eit_304/512/

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

2009/07/22 12:48



Question of Stability

* Not trivial, could have
gone the other way
e Think: Sun is made of

gas, yet not like a
cloud, for example,

PSYCHIATRY

which is made of gas
but size, shape changes
all of the time

* Not a coincidence:
really good reason

"I just don't feel stable.”

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

Pressure Stable

* What is pressure?

— Pressure _ Force
Area

» Explain blowing up a balloon?

Pressure of Earth’s
atmosphere is 14.7
pounds per square
inch

>

Why is the Sun Stable?

* What keeps gravity from collapsing the Sun?

» What keeps the Sun from exploding?

by
The Battle between Gravity and Pressure

Gravity pushes in\

The heat pressure
must push out.

Hydrostatic equilibrium: Balanced forces
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Question

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.

So, What Powers the Sun?

* 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.

* Big st mystery in Astronomy up until 20t century.

GWE UP ON THAT SiSSy
LIGHTER FLUD.
g 2D
0 B

The Sun’s Energy Output

3.85 x 1026 Watts, but how much is that?
A 100W light bulb...

...the Sun could supply 4 x 102* light bulbs!

World’s nuclear weapons: 3 x 10* megatons...
... Sun = 4 million times this every second

How to Test?

» Without an energy source, the Sun would rapidly
cool & contract

— Darwin: evolution needs Sun & Earth to be > 10® 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.




So, What Powers the Sun?

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.

Eyes began to
turn to the
nuclear
processes of the
Atoms

How to Test?

* QGravity:

— 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!

What is Fusion?

4p%4 He 2p,2n)

Basic idea is to take 4 protons (ionized
hydrogen atoms) and slam them together
to make an ionized helium atom.

)
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Fusion vs. Fission

» 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
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Why does fusion release energy9

Fusion: 4[7—) He (7117 7/?)

Fact: 4m(p) > m(“He) !

mass of whole < mass of parts'

Einstein says E = mc?:
* Mass is a form of energy!
 Each “He liberates energy:

E.

fusion

=m, " =4m(p)c’ —m(*He)c’

> (!

Nuclear Fusion in the Sun’s

e Proton-Proton Chain &

— 4 hydrogen atoms
fuse to make 1 : -
helium atom -

— Requires very high 80
density and
temperature (at
least 7 million K)

Okay, so we
know that the
nucleus can
have numerous
protons (+’s)
very close.

Interior

NP O
P 8 G

1H WH

eo

3He \®+ O+
g M

3He

The Proton-Proton (p-p) Chain

The Nucleus

* Something
is odd here!

e What is it?




The Nucleus 4 Fundamental Forces

)

* Why doesn’t
the nucleus of Helium
the atom fly - Something * Strong Nuclear
apart? is odd here! — The strongest of the 4 forces
« What is it? — The force which holds an atom’s nucleus
* Discuss with together, in spite of the repulsion between
neighbor, then the protons.
click A on — Does not depend on charge
your iclicker — Not an inverse square law— very short range.

Nuclear Fusion in the Sun’s

Nuclear Reactions in the Sun
Inter

* Chain: 4 protons > helium

/

* Proton-Proton Chain

* First step in chain (2 protons combine):

— 4 hydrogen atoms " >C§?)W”“*”

fuse to make 1 v @7 e - [ ] +

helium atom pP + pP np te +V

. . Y

- RGQWTCS very high %\ 8 f:“: ; « Start with 2 particles (protons)

density and 83 e H M * End up with 4 particles (two of which are glued

temperature (at

least 7 million K) He together)

east 7 million ,

The Proton-Proton (p-p) Chain « each of products is very interesting in its own

right....



by
Nuclear Reactions in the Sun
p+p e’ +v

[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
v" including in your body:
you contain about 10 kilos (20 Ibs) of H, and about 2 grams of D
v" Water (normally H,0) with D is D,O : “heavy water"

Nuclear Reactions in the Sun
p+p—|mple

v (Greek letter “nu”) = neutrino

Particle produced in nuclear reactions only
Tiny mass: m(v) < 10°m(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

Nuclear Reactions in the Sun
p+p— [np v

e’ = positro
» Exactly the same as electron but charge +1 ) (3
 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!

Why Doesn’t The Sun Shrink?

* Sun is currently

stable 5 2

e Pressure from

the radiation -— o )
created by I
fusion balances 2 Ry
the force of Pressure

. ou
gravity. Gravity l

 Gravity is balanced
by pressure from fusion!



Nuclear Fusion in the Sun’s Interior @ They Might Be Giants
I Why Does The Sun Shine

* Proton-proton in stars like the Sun

* Hydrogen fused to make helium /T\h;i:;;iics a mass of incandescent gas
* 0.7% of mass converted to energy 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
v + Without the light it gives

2 . .
ot H We need its light
24 \ / 3He We need its heat

3 w7 The Sun light that we seek
1 1
H / H The Sun light comes from our own Sun's atomic energy
e o
%) v The Sun is a mass of incandescent gas
A gigantic nuclear furnace

3He \ C& fr:{ " Where hydrogen is built into helium

At a temperature of millions of degrees

1 1
%/ 4He H H
The Sun is hot

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

The Proton-Proton Cycle

Interesting Question

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 A star is in hydrostatic equilibrium. What does that mean?
And that's why it looks so small

But even when it's out of sight a) Pressure from fusion is pushing back against the force
The Sun shines night and day from planetary orbits.

We need its heat, we need its light , .

The Sun light that we seek b) The star’s radius does not change much.

The Sun light comes from our own sun's atomic energy c) Pressure from fusion is winning the war against gravity.
Scientists have found that the Sun is a huge atom smashing machine d) GraVlty 18 peI‘fGCtly balanced with eleCtromagnetlsm.
The heat and light of the sun are caused by nuclear reactions between Hydrogen, Nitrogen, C) None of the above.

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



