Chapter 14
The Sun: Our Star

Radius:
7x108m
(109 times Earth)

Mass:
2x 1030 kg
(300,000 Earths)

Luminosity:

3.8 x 102 watts

Weight of upper layers
compresses lower layers

The Solar Interior
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= outward

pressure changes: =) o (mm)
hydrostatic equilibrium I
Pressure depends on 1 ‘

temperature & density:
Interior is more dense
and hotter
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solar wind

Core:

solar wind

Hot enough for
nuclear fusion

~ 15 million K

Outer layers:

Temperature drops
towards surface
~ 5800 K

Nuclear Energy

fission fusion
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Fission Fusion
Big nucleus splits into Small nuclei stick
smaller pieces together to make a
(Nuclear power plants) bigger one

(Sun, stars)




Nouclear fusion only
possible at high
temperature

(over 10 million K)
in the Sun’s core

Hydrogen Fusion by the Proton-Proton Chain

Step 1

Two protons fuse to make
a deuterium nucleus (1
proton and 1 neutron).
This step occurs twice in
the overall reaction.
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Step 2
The deuterium nucleus
and a proton fuse to make
a nucleus of helium-3 (2
protons, 1 neutron). This
step also occurs twice in
the overall reaction
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Step 3

Two helium-3 nuclei fuse
to form helium-4 (2
protons, 2 neutrons),
releasing two excess
protons in the process.
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Neutrinos created during
fusion fly directly through
the Sun. Observations of
these solar neutrinos can tell
us what’s happening in core.

Sudbury Neutrino
Observatory (built 6800 feet
under ground): Neutrinos
react with heavy water to
produce flashes of light
(Cherenkov radiation)
detected by an array of
9600 photomultiplier tubes.
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Sun releases energy by fusing four hydrogen nuclei
into one helium nucleus:

PROTON-PROTON CHAIN (Fig. 14.8)
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Overall reaction Key IN
gamma ray @ neutron 4 pt?tons
‘ g 5 proton
@ _} / * ® our

“He nucleus

gamma
o - J ?@ b 1 ray

neutrine

2 gamma rays
2 positrons
2 neutrinos

gamma ray . positron

Total mass is
0.7% lower
Mass lost to energy:
Helium stays in core. (4 x 10° kilograms/sec)
Energy is released as gamma rays
(positron-electron annihilation).
Neutrinos escape.
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Determine lifetime from total amount of mass in core.

Nuclear Potential Energy (core) 10 bl
~ on years

Luminosity
Current age ~ 4.6 billion years
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Thought Question

What would happen inside the Sun if a slight
rise in core temperature led to a rapid rise
in fusion energy?

A. The core would expand and heat up
slightly

B. The core would expand and cool

C. The Sun would blow up like a hydrogen
bomb
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Energy Transport in Solar Interior

The hotter radiation zone is relatively transparent
(energy flow by light);

the cooler convection zone is more opaque
(energy flow by convection)
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Solar Thermostat
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Solar
Thermostat:
Gravitational
& 2 Equilibrium
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Rise in core temperature
causes fusion rate to rise, so
core expands and cools down

Decline in core temperature
causes fusion rate to drop, so
core contracts and heats up
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Convection at Surface
,[Chromosphere
The visible top layer /" [protosprers
shows granulation, y O (}()(}: i vew
with areas of rising gas 5000 km

(hotter, brighter)
surrounded by areas of
sinking gas

(cooler, darker)

Movie from Swedish
Solar Telescope

Top view
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Patterns of
vibration on
surface (“ringing”)
tell us about what
Sun is like inside
(solar models =
computer codes)
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Sunspots

Cooler than
other parts of
the Sun’s surface

(4000 K)
Regions with
strong magnetic

fields

See zoom-in

movie.
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Number of sunspots rises and falls in 11-year cycle: “butterfly” diagram
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solar wind

Solar Atmosphere:

solar wind

Photosphere
(opaque limit)
Chromosphere
(hotter, 6000 K)

Corona
(really hot, 10° K)

Solar wind
(extends through
Solar System)

All subject to
“activity”
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SILSO graphics (http://sidc.befsilso) Royal Observatory of Belgium 2020 January 1
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Zeeman Effect

Magnetic fields in
sunspots
observed by the
splitting of
spectral lines

Photosphere and magnetic field from SOHO
http://soho.nascom.nasa.gov/
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Magnetic activity
also causes solar
prominences that
erupt high above
the Sun’s surface

Loops of bright gas often connect sunspot paits.
Magnetism and gas motion heat upper levels.
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Magnetic activity Inner and outer corona from SOHO
causes solar flares
that send fast
bursts of X-rays
and charged

particles into space

01/24 21:24
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Corona appears
bright in X-ray
photos in places
where magnetic
fields trap hot gas
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Coronal mass
ejections send
bursts of energetic
charged particles
out through the
solar system

See example from
SOHO

http://sohodata.nascom.nasa.gov/cgi-bin/soho_movie theater
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Corona visible
during a total
solar eclipse:
2017 Aug 21
from Georgia

(C) 2017 Clay S Tumner

2001/01/14 00:06
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particles spiral around
magnetic field lines

Charged particles streaming from Sun can disrupt electrical power grids
and can disable communications satellites; produce auroral lights.
The Sun blasted out at least 16 coronal mass ejections

(CMEs) in eight days (Aug. 20-27, 2012). http'//spaceweather com/
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Auroral displays

http://apod.nasa.gov/apod/ap120321.html
http://www.nasa.gov/mission_pages/sunearth/news/gallery/aurora-index.html#.VMcAp8ZEyRA

https://www.youtube.convwatch?v=BDZj1CmsJ64
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NASA Parker Solar Probe

https://www.nasa.gov/content/goddard/parker-solar-probe
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