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The Sunôs overall structure
Core:

ÅNuclear reactions fuse 
hydrogen atoms into helium.

Radiation Zone:

ÅPhotons bounce around in the 
dense plasma, taking millions 
of years to escape the Sun.

Convection Zone:

ÅEnergy is transported by 
boiling, convective motions. 

Photosphere:

ÅPhotons stop bouncing, and 
start escaping freely.

Corona:

ÅOuter atmosphere where gas 
is heated from ~5800K to 
several million degrees!
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The extended solar atmosphere

Everywhere one looks,

the plasma is

ñout of equilibrium!ò
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The solar photosphere

ÅIn visible light, we see top of the convective zone (wide range of time/space scales):

ɓ << 1

ɓ ~ 1

ɓ > 1
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The solar chromosphere

ÅAfter T drops to ~4000 K, it rises again to ~20000 K over 0.002 Rsun of height.

ÅObservations of this region show shocks, thin ñspicules,ò 
and an apparently larger-scale set of convective cells 

(ñsuper-granulationò).

ÅMosté but not allé material ejected in spicules appears 
to fall back down.

Hinode/SOT
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The solar corona

ñQuietò 

regions

Active 

regions

Coronal hole (open)

ÅPlasma at 106 K emits most of its spectrum in the UV and X-ray . . .
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The coronal heating problem

ÅWe still do not understand the physical processes responsible for heating up the 

coronal plasma.    A lot of the heating occurs in a narrow ñshell.ò

ÅMost suggested ideas involve 3 general steps:

1. Churning convective motions that tangle 
up magnetic fields on the surface.

2. Energy is stored in tiny twisted & braided 
ñmagnetic flux tubes.ò

3. Somethingreleases this energy as heat.

Particle-particle collisions?

Wave-particle interactions?
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A small fraction of magnetic flux is OPEN

Peter (2001)

Fisk 

(2005)

Tu et al. (2005)
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The solar wind: discovery

Å1860ï1950:  Evidence slowly builds for outflowing magnetized plasmain the 

solar system:
Åsolar flares aurora, telegraph snafus, geomagnetic ñstormsò

Åcomet ion tails point anti-sunward  (no matter cometôs motion)

Å1958: Eugene Parker proposed that the hot

coronaprovides enough gas pressure to 

counteract gravity and accelerate a ñsolar wind.ò
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In situ solar wind: properties

ÅMariner 2 (1962): first direct confirmation of continuous fast & slowsolar wind.

ÅUncertainties about which type is ñambientò persisted 
because measurements were limited to the ecliptic plane é

Å1990s:Ulyssesleft the ecliptic; provided first 3D view of 

the windôs source regions.

Å1970s: Helios(0.3ï1 AU).  2007: Voyagers@ term. shock!
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Waves & turbulence in the photosphere

ÅHelioseismology:  direct probe of wave 
oscillations below the photosphere (via 
modulations in intensity & Doppler velocity)

ÅHow much of that wave energy ñleaksò up 
into the corona & solar wind? 

Still a topic of vigorous debate!

splitting/merging
torsion

longitudinal 
flow/wave

bending
(kink -mode wave)

0.1ǌ

ÅMeasuring horizontal motions of magnetic 
flux tubes is more difficult . . . but may be 
more important?
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Waves in the corona

ÅRemote sensing provides several direct (and indirect ) detection techniques:

SOHO/LASCO  (Stenborg & Cobelli 2003)

ÅIntensity modulations . . .

ÅMotion tracking in images . . .

ÅDoppler shifts . . .

ÅDoppler broadening . . .

ÅRadio sounding . . .
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Wavelike motions in the corona

ÅRemote sensing provides several direct (and indirect ) detection techniques:

Tomczyk et al. 

(2007)

ÅIntensity modulations . . .

ÅMotion tracking in images . . .

ÅDoppler shifts . . .

ÅDoppler broadening . . .

ÅRadio sounding . . .
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Wavelike motions in the corona

ÅRemote sensing provides several direct (and indirect ) detection techniques:

ÅThe Ultraviolet Coronagraph Spectrometer 

(UVCS) on SOHO has measured plasma 

properties of protons, ions, and electrons 

in low-density collisionlessregions of the 

corona (1.5 to 10 solar radii).

ÅIon cyclotron waves (10ï10,000 Hz) have 
been suggested as a ñnaturalò energy 
source that can be tapped to preferentially 
heat & accelerate the heavy ions, as 
observed.
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In situ fluctuations & turbulence

ÅFourier transform of B(t), v(t),etc., into frequency:  

The inertial range is a 

ñpipelineò for transporting 

magnetic energy from the 

large scales to the small 

scales, where dissipation 

can occur.

f -1ñenergy containing rangeò

f -5/3

ñinertial rangeò

f -3

ñdissipation 
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0.5 Hzfew hours

M
a

g
n

e
ti
c
 P

o
w

e
r


