Our | e s e @/

Dynamic
Sun

~

Dr. Laurel Rachmeler

MARSHALL

Quiz

How many Earths across is the Sun?

10 100 1000

Answer: 100

. Sun
Eanh

Quiz

How long does it take the Sun'’s light
to reach the earth?

0.008 sec 8 sec 8 min




Answer: 8 minutes Our Sun

distance to the Sun = 1 astronomical unit
= 93 million miles
= 150 million km

Light travels at 300,000 km/s

Super exciting right?

Solar Eclipse

Sunset in Bangladesh, 2004




Petroglyph ~1000 A (source HAQ)
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~1000 AD, De temporibus anni, Aelfric
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Drawings of eclipses in ~1800-1900

1889 source: HAO eclipse archive
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Activity

Get in a group with your nearest
neighbors

Record your answers.

"W“"‘

2008 eclipse, ApJ, 10.1088/0004-637X/7 19/2/1362
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Order from coolest to hottest
Answer

Comet c "\. Earth's core
-450°F to 200°F 6200°K

Lava | .
1450°F to 2000°F I Lightning

30,000°K
Sunspot

6300°F

o

. I
11/

£oe
[ R4S N

>

B \’\ Sun.’s.cornona
Meteor 5 million °K

10,000°F or 5800°

K
¥ Sun's core
Sun's surface e 15 million °K

| 6000°K

lw)

“

Source: hltip.Jsolar-Centerstantord edwactivities/HoaBigHow-Big-Far-Hol-Qld pd!
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Internal structure:
mnner core
radiative zone
convechon zone
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Chromosphere
{6000-20,000 K)

Corons /

(several milkon K)

The Core

Pressure w———p
gravity =———p

The outward push of
pressure is balanced
everywhere by the inward
pull of gravity

Pressure, gravity.
and density, are
greatest at the core.
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Pressure w—ip
gravity s———p

The Core

High densities at
the core enable
nuclear fusion.

Hydrogen is combined
into Helium, releasing
energy (E=mc?) as light
and heat.

Solar Rotation

The equator spins faster than the poles: differential rotation.

35 days

26 days

25 days
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Magnetic field

The Sun, like the Earth, has a global magnetic field.

Phases of Matter

P
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gas

liquid plasma
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Solar Dynamo

Spinning plasma drags the magnatic field.

Source: SOHO (ESANASA)

Sunspots form whera

S u n S pOtS concentratad magnstic fisld

amergeas through the photosphers.
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. _"*SizeofEarth

Smaller sunspots are about
the size of the Earth.

Sunspots

Magnetic field lines

Strong magnetic field
threads through sunspots.

Sunspots
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Photosphere Magnetic field lines

T~5800K

Low
plasma-§

i T
High __, Y L y
plasma-B HE 0 0 v

convective cells

Sunspots
T~4500K

Strong vertical field inhibits
convection, making sunspots
cooler than the surrounding
photosphere.

Sunspots

Awaw.statt science. uuny'~rutte 101 dot'abums/movies/abum. htmi

hip

Sunspot

Dutch Open Telescope - 1 April 2001
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Above Sunspots: Active Regions
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The dynamic corona

PROBAZ/SWAP movie of 3 solar rotations
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Heliosphere

The bubble-like volume surrounding solar system caused by
the solar wind. Outside the heliosphere is interstellar space.

place.nasa.gov

source: hitp://spacs

Eruptions

Major disturbances in the heliosphere are caused by massive
explosions in the Sun’s atmosphere: coronal mass ejections.

NASA SDO/AIA movie

31

32




Eruptions

Major disturbances in the heliosphere are caused by massive
explosions in the Sun’s atmosphere: coronal mass ejections.

NASA LASCO C2 movie

Quiz

How fast are these eruptions?

5m/s 5km/s 500 km/s
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Quiz

How massive are these eruptions?
(1 m3 of water = 1000 kg = 1 metric ton)

——
1 km? 1000 km? 100,000 km?
109 m? 10'? m? 1015 m?

Eruption statistics

* How big? About as big as 1 cubic km? of water, a
few times 102 kg.

« How fast? About 500 km/s (1100 mph)
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Eruption statistics

* How big? About as 1 cubic km? of water
* How fast? About 500 km/s (1100 mph)

* How much energy? About 20x the last year's global
energy consumption.

Eruptions in the heliosphere
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There are times when the Sun is more active than others. It is linked
to the solar dynamo. The activity cycle peried is roughly 11 years.
monthly mean and 1 3-month smoocthed number

solar minimum

solar maximum '

A N

Source: ESA & NASA/SOHO
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CLASP launch 3 September 2015, White Sands Missile Range

How do we know all of this? MSFC Sounding Rocket

* Theory
* Observations
* Computer modeling

.
£
w * ESA'S FLEET IN THE SOLAR SYSTEM
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My research: magnetic fields
In the corona

-

« Computer models of eruptions.

* Measurements of the coronal magnetic field.

+ Large-scale structure of the corona. =

* Sounding rockets, measurements of the magnetic

tield in the chromosphere.
NASA 3&.9%20 UE . phere

Ternier- rant
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Thank
you!

laurel.rachmeler@nasa.qov
i~ MARSHALL
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