Today' s Learning Goals

— Mini-review: basic properties of stars
— Stellar Structure (The Sun & typical)
— How miast stars derive their energies
—The H-R Diagram «— Bafmapm

+ The Main Sequence (53% of all stars)

» Rl Giants andl wifil= Swarfs (79)

* Comelations of properiies

= Dimervational dues for stellar evolulion

Review: Define

(measurement Lnits?7)

Stellar Structure

The internal structure of the Sun

> What does "structure” actually mean?

= The Earth’s atmosphere is a good
ctarting poink
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The Sun’s major regions
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e — The Fiery Core
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Is it on FIRE?

hemical En=rgy Cont=nt
Lumino=ity

~ 10,000 y=ars

NO!
The Sun s chemical energy
reserves would be
consumed in 104 y.

What powers the Sun? -
Gravitational Energy?
Is it CONTRACTING?

Gravitational Polential Bnergy 25 million years
Lurmimosity

M
Although gravity compresses and hests the
solar interior, light energy emitted at the
surface scon sheds this heat, and the Sun
would collapse to a black hole in =108 y.

What pewers the Sun? —
Nuclear Energy?
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As we re about wm see, the enargy resanves will
last 1009 y. So this looks ke a sensible answer!
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Net: Tn = § protons, Out = 1 He' + 2 prodons + e+ + light




Why extra energy at the end?
E = Me2t!
Some mass
converts to
- enargy!
I —

How much mass per reaction?

6643 X 10r¥7 kg
[~

5.690 ¥ 107 kg
"'l-n.\_\_\_‘_

Mass Difference = 0.047 X 10°F kg
{0.7% of the original mass)

Energy released per reaction = mass lost * ¢

How much energy?
Doesn t take much mass!

How much energy?
= The fusion process used by the Sun isn t
100% efficient - just 0.7%
- of remains after a helium
AUCIeUs is p
* 109 of the Sun s mass is in the core
where combustion occurs

.ﬁl:l 0.07%% of the Sun s mass of hydrogen
will ultimately be consumed |

—Monethekess, that's kot of enangy

» How long will the energy reserves last?
Answer: =100 years . ket 5 do the math

Two Releases 2x10°7 ergs,
200-Ib jocks which is ~dx10t2 kW hrs, or
conwverted to +{, of the entire US enargy
pure energy! CONSUMpLon per year

How much masa EVERY SECOND?

1 Solar Luminosity = 3.8 X 105 watts
1watt = 107 erg per second

In one second, Sun releases ~4 X 10 erg, so
Energy released= {mass destroyed) 2, so:
Mass destroved={4x10% erg) [ {Zx10°F cm/'s)?

= 4 x 10* grams = 4 million to
is consumed every second!

(1.3 Earth ma=e= sino= e dino=surs)

mm'uﬂ the Fuel last?
BMENgy resarves
FSlE of Energy ConSUmpoan
v Exarpde & car with & 0o dark Dewvink)
2 galorshonr can am @ 5 hoors
= Sun: =nargy ressrves
= 0.7% x core mass of hydrogen » 2
= 0,007 x[0.1x2x 10=gm] x &
=14x 10 gnxc?=1.2x 10% args
» Sun: rate of consumption = luminosity
= 4 x 10°** grg/sac
The fuel will last 1.3 = 10* =rgs [ 4 x 10°®

erg’sac = 3.1 x 1087 sac = 1020 years!




