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The Sun 

The Photosphere 

ČThe ñvisibleò surface of the sun.  

 Thin layer of gas (less than 500km deep) from which we receive the majority of the Sunôs 

light. 

 Average surface temperature ~ 6000K 

 The photosphere is the layer dense enough to emit plenty of light but not so dense that 

light cannot escape. How dense? 3400 times less dense as the air that we breathe! 

 Spectra? Gives off absorption spectra?!  
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Deeper layers are dense 
enough to radiate like a 

blackbody (continuous). 

Photosphereôs gas 
absorbs some of 

the light. 

The observer sees a 
filtered absorption 

spectra 

Figure 1: The spectra of the 
direct sun is mostly an absorption 
spectra. 
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Granulation 

The photosphere is mottled by a pattern of bright 

cells with dark edges.  

 Convection rising and lowering gasses 

(hot/cold). How do we know?? Doppler Effect 

is evident in the spectral features of the gas! 

 

 

 

 

 

 

 

 

 

The Chromosphere 

Č ñThe Color Sphere.ò  The chromosphere is an 

irregular layer above the photosphere where the 

temperature rises from 6000° C to about 20,000° C. At 

these higher temperatures hydrogen emits light that 

gives off a reddish color (H-alpha emission). 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). 

 above the photosphere about 10,000km thick  

 nearly invisible (why?) ï only seen during a solar eclipse. 

Figure 2: This actual image of the 
photosphere shows the convective 
bubbles of granulation. The darker cooler 
gas is sinking as the brighter hotter gas is 
rising. 

Granulation Structure. 

 

Bright, Hot Gas Rising 

 
Dark, Cool Gas Sinking 

 Figure 3: The structure of granulation. The gas is bubbling and frothing similar to a 

boiling pot of water, except in this case it is the gas we see on the surface of the sun. 

Figure 4: An image of structures 
reaching from the photosphere up into 
the chromosphere. Notice some spike 

like structures called "spicules." 
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 Emission Spectra ï It produces a good emission spectra because it is a low density hot 

glowing gas. 

 Much hotter than the photosphere! Temperature ~ 104 ï 105K 

 Spicules ï flame-like structures 100-1000m in diameter extending up to 10,000km above 

the photosphere for short durations of time (5 minutes or so). The spicules seem to appear 

near very large ñsupergranulesò (edges) in the photosphere. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chromosphere 

Spicule 

Convecting Granules 

Figure 5: The basic structure of a spicule. The edges of granules and the motion of 

the gas in the convecting bubble can help form the flame-like spicule structures. 

Figure 6: Only in the brief 
darkness of a total solar 
eclipse is the light of the solar 
corona easily visible from 
Earth. Normally overwhelmed 
by the bright solar disk, the 
ever-changing solar corona is 
a fascinating sight. (Image 
courtesy of Pavel & Roman 
Cagas.) 
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The Corona  

Č ñThe Crownò 

 Above the chromosphere. 

 Also, only seen during eclipses 

 *can* extend as far as 12 times the Sunôs radius from the Sun!! Wow! 

 Very low density!! BUT very hot ~ 1,000,000K average temperature (varies from about 

500,000K to nearly 2,000,000K) 

 Continuous Spectra 

 Why so hot??? Maybe the interaction with the Sunôs rotation and magnetic field. (Joe 

Physics ï ñfriction?ò) 

 The outer corona is so hot, Sunôs gravity cannot hold onto the gas. A high velocity of gas 

atoms streams out from the Sun in all directions (mostly H, He, H+, and e- particles) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: These images were made by the 
EIT camera onboard the SOHO spacecraft, a 
space observatory that is continuously 
observing the Sun. Notice the complicated 
structure of the Sunôs atmosphere. The upper 
right image shows a close-up of a solar flare 
(Image courtesy of SOHO). 

Figure 8: The structure of the corona is controlled 
by the Sun's magnetic field which forms the bright 
active regions and the ray-like structures 
originating in the coronal holes. The composite 
image allows one to trace these structures from the 
base of the corona to millions of kilometers above 
the solar surface. The dark areas, known as 
coronal holes, represent the regions where the 
highest speed Solar Wind originates.  

(Image courtesy of SOHO). 
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The Solar Wind  

Č The continuous flow of particles. 

 Blows past the earth at nearly 300-800 km/sec (1000 km/sec gusts) 

 Bathes the Earth in a hot stellar wind! 

 Sun is losing mass!! Yikes?  

10-13 Msun/year (1013 years to lose 1 solar mass) [Some stars lose mass at much faster 

rates!] 

 Solar wind ï a few million particles per 1m3 at 1AU. 

 Wind seems stronger around Coronal Holes: Areas where the coronal gases have been 

blown away ï regions of high solar activity. 

Solar Activity:  

In Photosphere: Sun Spots! 

 

 

 

 

 

 

Chinese knew!(?) Galileo ñdiscoveredò solar 

mountains? Holes? Their short-term and long-term 

cyclical nature has been established in the past 

century. Records of  sunspot observations in China 

go back to at least 28 BC. In the West, the record 

is much more problematical. It is possible that the 

Greek philosopher Anaxagoras observed a spot in 

467 BC, and it appears that there are a few 

scattered mentions in the ancient literature as well. However, in the dominant Aristotelian 

cosmology, the heavens were thought to be perfect and unchanging. A spot that comes and goes 

Figure 9: A very large sunspot group appeared on the photosphere during 2001. It was one of the largest 
groupings of sunspots as well as containing some of the largest sunspots seen in the last decade. (Image 

courtesy of MDI, SOHO, ESA, NASA). 

Figure 10: Close-up 
examples of some 
interesting sunspots 
and groups. Notice the 
granulation is visbible 
as well. (Image 
courtesty of AURA, 

NOAO, NSO) 
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on the Sun would mean that there is change in the heavens. Given this theoretical predisposition, 

the difficulty of observing the Sun, and the cyclic nature of spots, it is little wonder that records of 

sunspots are almost non-existent in Europe before the seventeenth century.  

 We know they are areas of cooler gas ~ 4000K. Why darker? Because cooler than the 

surrounding gas and they give off less intense amounts of light because of this cooler 

temperature. 

 Also sunspots have very large magnetic properties. They always seem to appear in 

magnetic (N/S) pairs.  

 

Sunspot Location and Variation 

 

German Amateur Astronomer ï  

Heinrich Schwabe (1789-1875)  

 

 He observed the sun over 17 year period 

and noticed (1843/59?) that the number of 

sunspots appearing in the photosphere 

varied on an 11 year cycle! 

 

Detailed observations of sunspots have been 

obtained since 1874. These observations include 

information on the sizes and positions of sunspots 

as well as their numbers. These data show that 

sunspots do not appear at random over the surface 

of the sun but are concentrated in two latitude bands 

on either side of the equator. This Maunder Butterfly 

Diagram shows the relative positions during a sunspot 

cycles.   

 

Figure 11: The number of sunspots varies 
with a fairly regular pattern. In addition, the 
position of the sunspots also shows a 
location pattern of appearance. The upper 
graph shows the variation of sunspot 
number and the lower graph the location. 
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A Twist: Between 1645 to 1715 the number of sunspots dwindled to a very few 

number. This ñMaunder Minimumò also happened to correspond to a ñlittle-ice ageò 

where world-wide temperatures were cooler than centuries preceding the event. 

There is wide speculation that solar activity is intricately linked to Earth general 

weather. 

Differential Rotation:  

Since the Sun is not a solid object, it rotates much more like a liquid. As the Sun rotates on its 

axis it does not carry all parts of itself around equally. In fact, there is differential rotation. That is to 

say, the equator material rotates once around the Sunôs axis more quickly than material 

progressively farther away from the equator.  

 

Babcock Model:  

The Babcock model theorizes that the differential rotation of the Sun winds up the magnetic 

fields of is layers during a solar cycle. The magnetic fields will then eventually tangle up to such a 

degree that they will eventually cause a magnetic break down and the fields will have to struggle to 

reorganize themselves by bursting up from the surface layers of the Sun. This will cause magnetic 

pair boundaries (spots) in the photosphere trapping gaseous material that will cool slightly. Thus, 

when we see sunspots, we are seeing these areas of magnetic field breakdown. 

 

 

 

 

 

 

 

 

 

Figure 12: The Sun spins around its axis 
not as a solid object. The equator material 
rotates faster than as you progressively 
move away from the equator. This 
differential rotation causes the neatly 
organized magnetic field at the beginning 
of the solar cycle to slowly get tangled 

creating more and more sunspots. 
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Activity in Chromosphere 

Prominences 

 These occur over and around sunspots. They are 

areas of extra dense, hot, and bright gas suspended in 

arch shapes most probably because of sunspot 

magnetic fields. Prominences are seen projecting out 

above the limb, or edge, of the Sun. Prominences can 

remain in a quiet or quiescent state for days or weeks. 

However, as the magnetic loops that support them 

slowly change, prominences can erupt and rise off of 

the Sun over the course of a few minutes or hours. 

Figure 14: Ratio of EIT full Sun images in Fe XII 195A to Fe IX/X 171A as 
recorded on 26 June 1996 between 21:49 and 21:55 UT. This line ratio gives an 
indication of the temperature distribution in the Sun's corona with dark areas 
being cooler regions and bright areas being hotter. Note the distinctive difference 
between the active ("hot") east limb as compared to the quiet ("cool") west limb. 
The polar coronal holes also show up clearly as "cooler" regions.   

(Courtesy of EIT/SOHO. Joint ESA/NASA mission) 

Figure 15: A view of the limb of the sun. 
You can see flame-like sprites reaching 
up into the chromosphere. (Image 

courtesy of NASA) 
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Prominence 

Sunspots 

Photosphere 

Figure 16: A prototypical prominence structure. The curved arch of solar material wraps around the 
magnetic field stretching between sunspots above the photosphere into higher layers.  In chaotic 

areas these structures can be associated with solar flares. 

Figure 17: This sequence of images of the the Sun in the ultraviolet. An "eruptive prominence" 
or blob of 60,000-degree gas, over 80,000 miles long, was ejected at a speed of at least 
15,000 miles per hour. The gaseous blob is shown to the left in each image. These eruptions 
occur when a significant amount of cool dense plasma or ionized gas escapes from the 
normally closed, confining, low-level magnetic fields of the Sun's atmosphere to streak out into 
the interplanetary medium, or heliosphere. Eruptions of this sort can produce major disruptions 
in the near Earth environment, affecting communications, navigation systems and even power 
grids. SOHO, with its uninterrupted view of the Sun, can observe such events continually, and 
allow us for the first time to get a better understanding of how such violent events occur. SOHO 
is observing these events during the current minimum phase of the sun's 11-year activity cycle. 
(Image: Courtesy of SOHO-EIT consortium. SOHO is a project of international cooperation 

between ESA and NASA) 
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Solar Flares 

ČViolent eruptions from the solar surface like  

107 tons of TNT (10 megatons). Solar flares are 

tremendous explosions on the surface of the Sun. In a 

matter of just a few minutes they heat material to many 

millions of degrees and release as much energy as a 

billion megatons of TNT. They occur near sunspots, 

usually along the dividing line (neutral line) between 

areas of oppositely directed magnetic fields. 

 

 Affect the Earth! (Magnetic fields) 

 Can be as hot as 5,000,000K 

 X-Ray & Ultraviolet radiation 

 Boosts the solar wind (gusts) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Flare 

photosphere 

Figure 18: Looking down onto a violent 

solar flare. (Image courtesy of NASA). 

Figure 19: The Sun is a seething ball of 
extremely hot gas. This image taken by 
Skylab in 1973 shows the Sun throwing off 
one the largest eruptive prominences in 
recorded history. 

Figure 20: A ñSolar Flareò can be a truly violent explosion from the solar surface reaching very 
far out from the Sun. Flares are much more violent than prominences. Flares often last from 

minutes to hours. A large flare can release the equivalent of nearly 2 billion megatons of TNT. 



The Sun 

Lecture Seven  Page 96  

 

 

 

 

 

 

 

 

 

 

 

 

 

Coronal Activity  

Č swells large during sunspot maximum and flattens out at minimum. 

 Corona is not very uniform ï holes that move around (coronal holes), and has permanent 

holes at the rotational poles. 

 Speculation is the holes are the areas where the solar wind is most violently escaping. 

(Coronal Mass Ejections: CMEs) 

 

 

 

 

 

Figure 21: A time series of SOHO-EIT images showing the development of a huge, 
eruptive prominence on 1997 August 27. The images were obtained with EIT's unique, 
normal-incidence, multi-layer-coated telescope in the resonance line of singly ionized 
helium (He II) at 304 Angstroms in the extreme ultraviolet. The material in the eruptive 
prominence is at temperatures of 60,000 - 80,000 K, much cooler than surrounding 
corona, which is typically at temperatures above 1 million K. By the fourth frame, the 
prominence is over 350,000 km (216,000 miles) across, large enough to span 28 
earths. (Courtesy of the SOHO-EIT Consortium: SOHO is an ESA/NASA project of 

international cooperation.) 
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Aurorae  

 

 

 

 

 

 

 

Aurorae on Earth (around the Earthôs poles as 

the magnetic field of the Earth interacts with the 

charged particles in the solar wind) When charged 

particles are directed by the magnetic field lines 

down toward the Earth's surface, the charged 

particles collide with atmospheric gas molecules like 

oxygen and nitrogen. If the particles have sufficient 

energy, they can excite the gas atoms (or 

molecules) into a higher energy state. These excited 

atoms release their energy in the form of light. We 

see this light as an aurora.  [Also can interfere with 

high voltage power-lines, high flying planes, and the 

space shuttle.] òNorthern Lights = Aurorae 

Borealisó ; òSouthern Lights = Aurorae 

Austrinis.ò 

 

Figure 23: A view from down under. The 
ñsouthern lights.ò (Photo: Courtesy of Craig 
Richardson) 

Figure 22: Beautiful aurora displays. (Images courtesy of University Alaska ï Fairbanks 

and Dick Hutchinson) 


