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Our Sun

Super exciting right?

Sunset in Bangladesh, 2004

Solar Eclipse
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Petroglyph ~1000 AD (source HAQ)
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~1000 AD, De temporibus anni, Aelfric

Drawings of eclipses in ~1800-1900

1889 source: HAO eclipse archive
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2008 eclipse, ApJ, 10.1088/0004-637X/719/2/1362

Activity

Get into groups of 2.

Record your answers.

9

10

Order from coolest to hottest

Answer

Comet Sl Farth's core
H -450°F to 200°F c 6200°K

- Lava
all 1450°F to 2000°F Lightning
— 30,000°K

' Sunspot

6300°F
s l@ Sun's corona
Meteor \ 5 million °K
10,000°F or 5800°K Suny
\ un's core
LD

E ‘ 15 million *K

Sun's surface
| 6000°K

Source: hitp./sola-centerstantord edwactivities/How BigdHow-Big-Far-Hot-Qld. pd!
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Internal structure: Internal structure:

nner coray (15 milion K) » X nner coray (15 milon K) i '
radiative zone Subsurface flows radiative zone Subsurface flows

convection zone

Photosphere \ Photosphere

(5800 K) . / (5800 K)
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Chromosphere 1A Chromosphere
{6000.20,000 K) {6000.20,000 K)

The Core The Core
Pressure ———ip Pressure s——p
gravity =————p gravity =——p
High densities at
nuclear fusion. pressure is balanced
everywhere by the inward
P ’ . ’ pull of gravity
/ 'S Hydrogen is combined / 4
) / into Helium, releasing . / Pressure, gravity,
/ energy (E=mc?) as light / and density, are
/ / and heat. /7 / greatest at the core.
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Solar Rotation Magnetic field

The equator spins faster than the poles: differential rotation. The Sun, like the Earth, has a global magnetic field.

35 days

26 days

25 days

solid gas '
liquid plasma

Solar Dynamo

Spinning plasma drags the magnetic field.

Source:SOHO (ESANASA)
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Motion of
Plasma

* Microscopic level

A“'

* Individual particles follow Lusis. X016

N X Ao 1010881 3E7-263018/ 1013061
Maxwell's equations

* Particle-in-cell (PIC) simulations oy de td { ‘
of many particles. , P - y
. #
* Macroscopic level . R\
. FCsSw . {u
* Plasma acts as a fluid that ‘ ==X ¥
reacts to the magnetic field | & 5
» Magneto-hydro-dynamics TN\ - / ]
(MHD) ‘ L,\v‘n:h ::.‘J 331!3 ’

G010 Z8470004-E3TXE21/43

Frozen-in-flux

Induction equation (Ampere’s law, Faraday’s law, Ohm's
law):

oB

— = VUVx{(vxB) + yV’B
an —  c— ——

i1 1.2

Almost all astrophysical plasmas have vary small magnstic
diffusivily, n. (hotter plasmas have lower diffusivity)

1.2 >>11

The fluid motion is tied 1o or ‘frozen into’ the magnetic fisld.
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* Plasma-8 is the ratio
of plasma pressure to
magnetic pressure.

* In the photosphere

the plasma moves
the magnetic field.

ol tam

* |n the corona the
magnetic field moves 1.
the plasma.

HM R mane. Januar

Sunspolts form where

S uns pOtS concentrated magnetic field

amerges through the pholosphere.
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source: SOHO (NASAJESA)
K

Sunspots

@ —size of Earth

Smaller sunspots are about
the size of the Earth.

Magnetic field lines

Strong magnetic field
threads through sunspots.

Sunspots
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Photosphere
T~5800K

Low
plasma-

Magnetic field lines

Sunspots
T~4500K

ngh :' .
plasma-3 '.' ;
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convective cells

Sunspots

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

htip-aww.stalt. science uu.nlf~rutie 101 Jdotalbumsimovies/abum nimi

Sunspot

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

The dynamic corona

PROBA2/SWAP movie of 3 solar rotations
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Heliosphere

The bubble-like volume surrounding solar system caused by EFU pt | O n S

the solar wind. Outside the heliosphere is interstellar space. , _ _ _ _
Major disturbances in the heliosphere are caused by massive

explosions in the Sun’s atmosphere: coronal mass ejections.

spacepiaca. nasa. gov

source: hitp://

NASA SDO/AIA movie
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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 5 km/s 500 km/s
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Quiz

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

"
1 km? 1000 km? 100,000 km?
10° m3 10'2 m3 10'5 m3

Eruption statistics

* How big? About as 1 cubic km? of water

* How fast? About 500 km/s (1100 mph)

35

36




Eruptions in the heliosphere

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.
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Activity cycle
There are times when the Sun is more active than others. It is linked solar minimum

to the solar dyname. The activity cycle period is roughly 11 years. AT {
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Source: ESA & NASA/SOHO
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Butterfly diagram

DAILY SUNSPFOT AREA AVERAGED OVER INDIVIDUAL SOLAR ROTATIONS
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How do we know all of this?

» Solar data:

* remote sensing: images, total brightness
spectra, polarimetry, helioseismology

* In-situ plasma densit
information

y, velocity, magnetic field

* Computer modeling of the sun at all scales.
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Satellites
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+ ESA'S FLEET IN THE SOLAR SYSTEM




Contact:
laurel.rachmeler@nasa.gov
Office 2026

Current solar conditions:

nitps./fsdo.gsic.nasa.gov/data/ helicvewerorg
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