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Basic Structure: Sun’s Atmosphere

� Photosphere - "sphere of light", the visible surface of the Sun.

� Chromosphere - "sphere of color", visible during solar eclipse.

� The transition region is a thin and very irregular layer of the 
Sun's atmosphere that separates the hot corona from the 
much cooler chromosphere.

� Corona - the Sun's outermost atmosphere. The outflow of gas 
in this region is called the solar wind, which is ions (mostly 
protons) and electrons that have escaped the Sun's gravity.

 

  



The Photosphere of the Sun
http://solarscience.msfc.nasa.gov/surface.shtml

limb darkening

When we look at the center of the 
disk of the Sun we look straight in 
and see somewhat hotter and 
brighter regions.

When we look at the limb, or 
edge, of the solar disk we see 
light that has taken a slanting path 
through this layer and we only see 
through the upper, cooler and 
dimmer regions.

This explains the "limb darkening"
that appears as a darkening of the 
solar disk near the limb.

The photosphere is the visible surface of the Sun that we are most familiar with.

Since the Sun is a ball of gas, this is not a solid surface but is actually a layer about 
100 km thick (very, very, thin compared to the 700,000 km radius of the Sun).

 

 

Photospheric Features
http://solarscience.msfc.nasa.gov/feature1.shtml

� Observed with a simple telescope (along with a good filter): 
� dark sunspots,
� bright faculae, and
� Granules.

� We can also measure the flow of material in the photosphere 
using the Doppler effect (Line of Sight velocities, VLOS). These 
measurements reveal additional features such as 
supergranules as well as large scale flows and a pattern of 
waves and oscillations. 

 

  



Photospheric Features (Sunspots)

• Sunspots appear as dark spots on 
the surface of the Sun. 
Temperature in the dark center of a 
sunspot drops to about 3700 K.

• They typically last for several days, 
although very large ones may live 
for several weeks.

• Sunspots are magnetic regions on 
the Sun with magnetic field 
strengths of the order of kG.

• Sunspots usually come in groups with two sets of spots. One set will have 
positive (N) magnetic field while the other set will have negative (S) magnetic 
field.

• The field is strongest in the darker parts of the sunspots (the umbra). The 
field is weaker and more horizontal in the lighter part (the penumbra).

 

 

� A close-up of the sunspots shows that they have darker inner region (the 
umbra) surrounded by the lighter region (the penumbra).

Photospheric Features (Sunspots)

 

  



Photospheric Features (Faculae)

• Faculae are bright areas that 
are usually most easily seen 
near the limb, or edge, of the 
solar disk.

• These are also magnetic areas 
but the magnetic field is 
concentrated in much smaller
bundles than in sunspots.

• While the sunspots tend to 
make the Sun look darker, the 
faculae make it look brighter.

• During a sunspot cycle the faculae actually win out over the sunspots and make 
the Sun appear slightly (about 0.1%) brighter at sunspot maximum than at 
sunspot minimum.

 

 

Photospheric Features (Granules)
• Granules are small (about 1000 

km across) cellular features that 
cover the entire Sun except for 
those areas covered by 
sunspots.

• These features are the tops of 
convection cells where hot fluid 
rises up from the interior in the 
bright areas, spreads out across 
the surface, cools and then sinks
inward along the dark lanes. 

• Individual granules last for only about 20 minutes. The granulation pattern is 
continually evolving as old granules are pushed aside by newly emerging ones.

• The flow within the granules can reach supersonic speeds of more than 7 km/s 
and produce sonic "booms" and other noise that generates sound waves (5-min 
oscillations, p-modes) on the Sun's surface.

 

  



Photospheric Features (Supergranules)
• Supergranules are much larger 

versions of granules (about 35,000 

km across) but are best seen in 

measurements of the "Doppler 

shift”.

• These features also cover the 

entire Sun and are continually 

evolving. Individual supergranules

last for a day or two and have flow 

speeds of about 0.5 km/s.

• The fluid flows observed in supergranules carry magnetic field bundles to the edges 

of the cells where they produce the chromospheric network.

 

 

The Chromosphere of the Sun
http://solarscience.msfc.nasa.gov/chromos.shtml

At these higher temperatures hydrogen emits light that 
gives off a reddish color (H-alpha emission: 656.3 nm).

This colorful emission can be seen in prominences that 
project above the limb of the sun during total solar 
eclipses. This is what gives the chromosphere its name 
(color-sphere).

The chromosphere is an irregular layer above the photosphere where the 
temperature rises from 6000°C to about 20,000°C. 

When the Sun is viewed through a spectrograph or a filter 
that isolates the H-alpha emission, a wealth of new 
features can be seen.

These features include the chromospheric network of 
magnetic field elements, bright plage around sunspots, 
dark filaments across the disk and prominences above 
the limb.

 

  



The Chromosphere of the Sun
http://solarscience.msfc.nasa.gov/chromos.shtml

The chromosphere is also visible in the light 
emitted by ionized calcium, Ca II, in the violet
part of the solar spectrum at a wavelength of 
393.4 nm (the Calcium K-line).

This emission is seen in other solar-type 
stars where it provides important information 
about the chromospheres and activity cycles 
in those stars. 

The chromosphere is the site of activity as well:

Changes in solar flares, prominence and filament eruptions, and the flow of material 
in post-flare loops can all be observed over the course of just a few minutes.

 

 

Chromospheric Features (The Chromospheric Network)
http://solarscience.msfc.nasa.gov/feature2.shtml

• The chromospheric network is a web-like pattern 
most easily seen in the emissions of the red line of 
hydrogen (H-alpha).

• The network outlines (is related to, �� ا�� �	
 the (در ��
supergranule cells and is due to the presence of 
bundles of magnetic field lines that are concentrated 
there by the fluid motions in the supergranules. 

and the ultraviolet line of calcium (Ca II K).

 

  



Chromospheric Features (Filaments and Plages)
http://solarscience.msfc.nasa.gov/feature2.shtml

• Filaments are dark, thread-like 
features seen in the red light of 
hydrogen (H-alpha).

• These are dense, somewhat 
cooler, clouds of material that 
are suspended above the solar 
surface by loops of magnetic 
field.

• Plage, the French word for 
beach, are bright patches
surrounding sunspots that are 
best seen in H-alpha.

• Plage are also associated with 
(linked, coupled) concentrations 
of magnetic fields and form a 
part of the network of bright 
emissions that characterize the 
chromosphere.

 

 

Chromospheric Features (Prominences)
http://solarscience.msfc.nasa.gov/feature2.shtml

• Prominences are dense clouds of 
material suspended above the 
surface of the Sun by loops of 
magnetic field.

• Prominences and filaments are 
actually the same things except that
prominences are seen projecting 
out above the limb, or edge, of the 
Sun.

• Both filaments and prominences can remain in a quiet or quiescent state for 
days or weeks.

• However, as the magnetic loops that support them slowly change, filaments and 
prominences can erupt and rise off of the Sun over the course of a few minutes 
or hours. 

 

  



Chromospheric Features (Spicules)
http://solarscience.msfc.nasa.gov/feature2.shtml

• Spicules are small, jet-like 
eruptions seen throughout 
the chromospheric network.

• They appear as short dark 
streaks in the H-alpha
image.

• They last a few minutes, in the process eject material off of the surface and 
outward into the hot corona at speeds of 20 to 30 km/s. 

 

 

The Transition Region of the Sun
http://solarscience.msfc.nasa.gov/t_region.shtml

Heat flows down from the 
corona into the 
chromosphere and in the 
process produces this thin 
region where the 
temperature changes rapidly
from 1,000,000 K down to 
about 20,000 K.

The transition region is a thin
and very irregular layer of the 
Sun's atmosphere that separates
the hot corona from the much 
cooler chromosphere.

 

  



The Transition Region of the Sun
http://solarscience.msfc.nasa.gov/t_region.shtml

Heat flows down from the corona into the 
chromosphere and in the process produces this 
thin region where the temperature changes rapidly
from 1,000,000 K down to about 20,000 K.

Hydrogen is ionized at these temperatures and is 
therefore difficult to see.

Instead of hydrogen, the light emitted by the 
transition region is dominated by such ions as 
CiIV, O IV, and Si IV. These ions emit light in the 
ultraviolet region of the solar spectrum that is only 
accessible from space.

The transition region is a thin and 
very irregular layer of the Sun's 
atmosphere that separates the hot 
corona from the much cooler 
chromosphere.

The transition region has been studied from 
space using instruments on several 
spacecraft including the Solar Maximum 
Mission and the Solar and Heliospheric
Observatory (SOHO). The Transition Region 
and Coronal Explorer (TRACE) mission is 
now actively acquiring data on the structure 
and dynamics of the transition region

 

 

The Corona of the Sun
http://solarscience.msfc.nasa.gov/corona.shtml

Early observations of the visible 
spectrum of the corona revealed 
bright emission lines at wavelengths 
that did not correspond to any 
known materials. 

This led astronomers to propose the 
existence of "coronium" as the 
principal gas in the corona.

The true nature of the corona 
remained a mystery until it was 
determined that the coronal gases 
are super-heated to temperatures 
greater than 1,000,000 K.

The Corona is the Sun's outer atmosphere. It is visible during total eclipses of 
the Sun as a pearly white crown (The White-Light Corona) surrounding the Sun.

The corona displays a variety of features including streamers, plumes, and 
loops. These features and the overall shape of the corona changes with the 
sunspot cycle.

 

  



The Corona of the Sun
http://solarscience.msfc.nasa.gov/corona.shtml

Only the heavier elements like 
iron and calcium are able to 
retain a few of their electrons in 
this intense heat.

The Emission Line Corona

It is emission from these highly 
ionized elements that produces 
the spectral emission lines that 
were so mysterious to early 
astronomers.

The coronal gases are super-heated to temperatures greater than 1,000,000 K.

At these high temperatures both hydrogen and helium (the two dominant elements) 
are completely ionized. Even elements like carbon, nitrogen, and oxygen are 
stripped down to bare nuclei.

 

 

The Corona of the Sun
http://solarscience.msfc.nasa.gov/corona.shtml

Yohkoh (Sunbeam ; Solar A; 1991-

2001), provided a wealth of 
information and images on the 
sun's corona.

SOHO (1995) and TRACE (1998-

2010) satellites obtaining exciting 
observations of the Sun's corona, 
its features, and its dynamic 
character. 

Today we have the SDO (Solar 

Dynamics Observatory,1996; Sun's core, 

corona, and solar wind; comet discoveries) 
and Hinode (sunrise, Solar B, 2006; 
SOT, XRT, EIS).

The corona shines brightly in x-rays because of its high temperature.

On the other hand, the "cool" solar photosphere emits very few x-rays. This allows us 
to view the corona across the disk of the Sun when we observe the Sun in X-rays. 

The X-Ray Corona

In the early 70's (1973-1979) Skylab carried an x-ray telescope that revealed coronal 
holes and coronal bright points for the first time.

 

  



Coronal Features (Coronal Loops) 
http://solarscience.msfc.nasa.gov/feature3.shtml

• Many coronal loops last for days or 
weeks but most change quite 
rapidly.

• Some loops, however, are 
associated with solar flares and 
are visible for much shorter 
periods. 

• These loops contain denser 
material than their surroundings.

• They appear as short dark streaks 
in the H-alpha (ر��، �� ) image.

• Coronal loops are found around sunspots and in active regions.

• These structures are associated with the closed magnetic field lines  that connect 
magnetic regions on the solar surface.

 

 

Coronal Features (Polar Plumes, ��َ)ن، ا��
ه�� ����)�� ) 
http://solarscience.msfc.nasa.gov/feature3.shtml

• We often find bright areas at the 
footpoints of these features that 
are associated with small 
magnetic regions on the solar 
surface.

• These structures are associated 
with the "open" magnetic field 
lines at the Sun's poles.

• The plumes are formed by the 
action of the solar wind in much 
the same way as the peaks on 
the helmet streamers.

• Polar plumes are long thin streamers (ر
	 ���	

ار، ��	 ،����) that project outward from 
the Sun's north and south poles.

 

  



Coronal Features (Helmet Streamers, ����� ��� ر
� ����
��) 
(Helmet Streamers, ����� ��� ���� ��ا ���!"��) 

http://solarscience.msfc.nasa.gov/feature3.shtml
http://solarscience.msfc.nasa.gov/CMEs.shtml

• The closed magnetic field lines 
trap the electrically charged 
coronal gases to form these 
relatively dense structures.

• The pointed peaks are formed 
by the action of the solar wind 
blowing away from the Sun in 
the spaces between the 
streamers.

• Helmet streamers are large cap-like coronal structures with long pointed peaks 
(���� ���.that usually overlie sunspots and active regions (��� ه�� 

• We often find a prominence or filament lying at the base of these structures.

• Helmet streamers are formed by a network of magnetic loops that connect the 
sunspots in active regions and help suspend the prominence material above 
the solar surface.

 

 

Coronal Features (Coronal Mass Ejections , �#�$ م�# �����$��) 
http://solarscience.msfc.nasa.gov/CMEs.shtml

• The earliest evidence of these 
dynamical events came from 
observations made with a 
coronagraph (produces an artificial 

eclipse) on the 7th Orbiting Solar 
Observatory (OSO 7) from 1971 
to 1973.

• During a natural eclipse of the 
Sun the corona is only visible for a 
few minutes at most, too short a 
period of time to notice any 
changes in coronal features.

• Coronal mass ejections (or CMEs) are huge bubbles of gas threaded ( �!  ��"# ��� ��) 
with magnetic field lines that are ejected from the Sun over the course of several 
hours. (occulting )

• Although the Sun's corona has been observed during total eclipses of the Sun for 
thousands of years, the existence of coronal mass ejections was unrealized until the 
space age.

 

  



Coronal Features (Coronal Mass Ejections , �#�$ م�# �����$��) 
http://solarscience.msfc.nasa.gov/CMEs.shtml

• The Large Angle and Spectrometric 
Coronagraph (LASCO) on the Solar and 
Heliospheric Observatory (SOHO) has 
observed a large number of CMEs.

• The event of April 7th, 1997 is shown to the 
right. It produced a "halo event" in which the 
entire Sun appeared to be surrounded by the 
CME.

• Halo events are produced by CMEs that are 
directed toward the Earth. As they loom ( ، 
�$
 larger and larger they appear to (��%�ار
envelope the Sun itself. 

• STEREO (2006; Solar TErrestrial RElations
Observatory) monitor CMEs.

• With ground based coronagraphs only the innermost corona is visible above the 
brightness of the sky.

• From space the corona is visible out to large distances from the Sun and can be 
viewed continuously. 

• CMEs disrupt (&�'() the flow of the solar wind and produce disturbances  (.!-�,+، ا��*ل)
that strike (���/ ،رد
���) the Earth with sometimes catastrophic (�1$�0 ��ر) results.

• Coronal mass ejections are often 
associated with solar flares and 
prominence eruptions but they can also 
occur in the absence of either of these 
processes. 

 

Coronal Features (Coronal Holes) 
http://solarscience.msfc.nasa.gov/feature3.shtml

• Coronal holes are associated 
with "open" magnetic field lines 
and are often found at the Sun's 
poles.

• The high-speed solar wind is 
known to originate in coronal 
holes.

• Coronal holes are regions where the corona is dark.

• These features were discovered when X-ray telescopes were first flown above the 
earth's atmosphere to reveal the structure of the corona across the solar disc.

 

  



Coronal Features (The Solar Wind ) 
http://solarscience.msfc.nasa.gov/SolarWind.shtml
http://solarscience.msfc.nasa.gov/feature4.shtml

• The solar wind consists of particles, 
ionized atoms from the solar corona, 
and fields, in particular magnetic fields.

• The solar wind speed is high (800 
km/s) over coronal holes and low (300 
km/s) over streamers.

• The Ulysses spacecraft  (94-08) and
WIND (1994) The Advanced 
Composition Explorer (ACE; 1997) 
satellite monitor(ed) the solar wind. 

• The source of the solar wind is the Sun's hot corona.

• The temperature of the corona is so high that the Sun's gravity cannot hold on to it.

• Although we understand why this happens we do not understand the details about 
how and where the coronal gases are

• accelerated to these high velocities.
• This question is related to the question
• of coronal heating.

 


