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Layers

core -- nuclear burning central part of the 
Sun

radiative zone -- the layer below 
convection zone where energy is 
transported by photons

convection zone -- layer of the Sun just 
below the photosphere that transports 
energy by convection

photosphere -- "visible surface"

prominences -- magnetically driven plumes 
of hot gas, from chromosphere to corona

sunspots -- cold spots seen against the 
photosphere

chromosphere -- lower atmosphere 
(contains spicules)

corona -- outer atmosphere

solar wind -- outflowing ions and 
subatomic particles from the solar surface
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Models



Francesco Piacentini Page 5Title

Radiative/Convection Zones

Radiative
inner 2/3 of the Sun

gas fully ionized in plasma form

energy carried outwards by photons

very dense, photon takes 100,000 years to exit the Sun

Convection Zone:
outer 1/3 of the Sun

gas is cooler, and hydrogen atoms begin to form and absorb photons more efficiently

energy transported by bulk motion (convection)

Granulation (convection cell) = white (hot) in the middle, narrow darker (colder) area 
around it
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Granulation / convection 
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Convection 

La temperatura di una bolla che sale diminuisce (la bolla si espande) in 
modo adiabatico ∇T

ad
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Convection 

La velocita' di convezione e' data dall'equilibrio di Forza di Archimede e 
Forza di attrito viscoso

Dilatazione termica, differenza bolla-ambiente
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Convection, numero di Rayleigh 
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Osservazioni

Ra >> 1
convezione

R >> 1
Moto turbolento

Si osserva la relazione
v da Doppler

T da corpo nero sole

L da granuli
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Granulazione
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Solar atmosphere 

photosphere -- "visible surface" 

prominences -- magnetically driven plumes of hot gas, from chromosphere to corona

sunspots -- cold spots seen against the photosphere

500 Km thick

From tau=1 (T=6400 K) to temperature minimum (T=4100 K)

Visible to tau = 2/3 (T=5800K)

Density 2 10-4 Kg/m3

Absorption lines (T higher in the inner part)

chromosphere -- lower atmosphere (contains spicules)

Density 10-4 times the photosphere

T up to 10000 K

Emission lines, in particular Hα (3-2 transition) 

corona -- outer atmosphere

Extends several solar radii

Density ρ=10-12 Kg/m3    T=106K

Variable with solar activity  

Hα filter
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Corona
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Solar atmosphere 

Temperature: 
From Doppler lines broadening

From lines intensity (ionization level of atoms) 
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Solar wind

The most fundamental problem in solar system research is still 
unsolved: 

how can the Sun with a surface temperature of only 5800 K heat up its atmosphere to 
more than a million K? 

In fact, the solar atmosphere is so hot that not even the Sun’s enormous gravity can 
contain it. Part of it is continuously evaporating into interplanetary space:

the SOLAR WIND 
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Solar wind
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Solar wind speed
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Campo magnetico solare

Misurato tramite effetto Zeeman
Le linee dello spettro di Fraunhofer si separano proporzionalmente alla componente 
del campo magnetico parallela alla linea di vista

Debole componente radiale poloidale
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Campo magnetico solare

Estremamente complicato dalla attivita' solare
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Macchie solari

Si osservano nella fotosfera

Ombra, zona centrale, 
Fredda, T=3900 K (luminosita' 20%)

Intenso campo magnetico, B=3000 Gauss

Penombra, zona periferica, composta da filamenti radiali

Durata: poche ore – 50 giorni

→ teoria del raffreddamento



Francesco Piacentini Page 22Title

Le macchie solari si presentano in regioni bipolari 
P preceding

F following 
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Conteggio delle macchie



Francesco Piacentini Page 25Title

Periodicita' 11 anni

Ogni 11 anni si ha inversiione della polarita'

Dati storici

Solar cycle
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Solar cycle
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Solar cycle

Cause of the Solar Cycle:

close link between gas and magnetic field

"11 year cycle" (22 year cycle?)

differential rotation of the Sun

winding of magnetic field lines

quenched when wound too tightly?
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Solar Magnetic Activity

Solar magnetic fields: thousands of times stronger than on Earth 

Solar Flare: brief, bright eruptions of hot gas in the chromosphere. 
Shower/wind of charged particles and causes Aurora.

Prominence: plumes of glowing gas that jut from the chromosphere to 
corona.

Solar Storm: a burst of outflowing charged particles from the Sun, as a 
more immediate outcome of the flares and prominences.

Solar Wind: Solar flares and prominences heats up the chromosphere 
and corona (e.g. a whip) to temperatures high enough to accelerate gas to 
escape Sun's gravity.
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Atmosphere



Francesco Piacentini Page 30Title

Solar Cycle and Climatic Changes

correlation between the solar cycle and earth temperature

hypothesis: solar wind changes Earth's  upper atmosphere, its 
temperature structure, and this in turn changes the atmosphere's 
circulation

Maunder minimum: few sunspots were observed between 1645 and 1715, 
coincident with abnormally cold winters in Europe and North America 
("mini ice age").

Greenhouse effect or increased solar activity?
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