
The Sun: 
Our Extraordinary Ordinary Star 



The Sun 

•  The Sun is the nearest example of a star.  
•  Basic questions to ask: 

– What do stars look like on their surfaces?  Look at 
the Sun since it is so close. 

– How do stars work on their insides?  Look at both 
the Sun and the stars to get many examples. 

– What will happen to the Sun?  Look at other stars 
that are in other stages of development. 





The Sun is BIG, really BIG. 

Earth-Moon system 



The Sun 

•  The Sun has no solid surface.  The part we see is called the photosphere.    
•  Owing to limb darkening, the Sun’s appears darker near the limb. 



The Photosphere 

•  The Sun has no solid surface.  The part we see is called the photosphere.    
•  Owing to limb darkening, the Sun’s appears darker near the limb. 



The Solar “Surface” 

•  The Sun has no solid surface.  The part we see by eye is called the 
photosphere. 

•  The study of the solar surface is usually done using many different 
wavelengths, from the X-rays to radio.  Different features show up well in 
certain wavelengths. 

•  A visual light image captures different features than an ultraviolet light 
image.  



The Solar Surface 

•  High resolution images of 
the photosphere show 
granulation. 

http://www.youtube.com/watch?v=O-UjQwTfjGg 



Granulation 
•  From the measurement of Doppler shifts, we know that 

the granules are blobs of gas that are rising and falling. 
•  The granules are similar to what one sees in boiling water 

on Earth. 
•  Energy from the interior is being transported outwards by 

motions in the gas. This type of energy transport is called 
convection. 



The Solar Chromosphere 

•  Immediately above the photosphere is a dim layer of less dense gas 
called the chromosphere.  

•  Images reveal many spikes, where are jets of gas called spicules. 



The Solar Chromosphere 

•  Images reveal many spikes, where are jets of gas called spicules. 
•  The spicules are often associated with regions called supergranules. 



The Solar Corona 

•  The temperature actually rises as one goes higher in the Sun’s atmosphere.  
It reaches about 10,000K at the top of the chromosphere, and up to one 
million K or more in the corona. 



The Solar Corona 

•  The temperature reaches up to one million K or more in the corona. 
•  The image at the left was taken during a total solar eclipse.  The image 

on the right was taken from space at X-ray wavelengths. 
•  Although the temperature is high, the density of the corona is very 

low. 



Sunspots 

•  Sunspots are darker (cooler) 
regions on the Sun’s surface. 

•  Photosphere, T=5800K 
•  Sunspots, T=4300K 
•  They can be observed in the 

optical, and were first 
discovered by Galileo in 
1610. 

•  They are created by the 
immense magnetic fields on 
the Sun’s surface. 

http://www.youtube.com/watch?v=N2dT7173noA&feature=related 



Sunspots 

•  Note the complex 
structure in the spot 
and its surroundings. 

http://en.wikipedia.org/wiki/Sunspot 



The Sunspot Cycle 

•  In the mid 1800’s, a German astronomer, Samuel Schwabe, made 
detailed observations of sunspots in order to search for transits of a 
possible planet interior to Mercury. 



The Sunspot Cycle 

•  No planets were found, but it was discovered that the number 
of sunspots varies with an 11 year cycle. 

•  The Maunder Minimum in late 1600’s correlates with very 
cold temperatures in Europe – the little ice age. 



The Recent Sunspot Cycle 

 
• In 2014, we’re just past a weak maximum in sunspot #. 

http://solarscience.msfc.nasa.gov/SunspotCycle.shtml 



Sunspots and the Rotation of the Sun 

•  Galileo was the first to 
sunspots to track the 
rotation of the Sun’s surface. 

•  Rotation period ~25 days 



Rotation of the Sun 

•  The Sun does not rotate 
as a solid body.  The 
equator rotates once 
every 25 days.  At 45o 
latitude, it takes 27.8 
days. 



The Solar Cycle 

•  The solar “dynamo” theory attempts to explain solar activity as 
arising from differential rotation on the Sun.  Over time, the 
magnetic field lines (carried by the gas) become tangled, releasing 
energy in the process. 



Solar Oscillations 

•  By detailed analysis of the Doppler shifts of different 
parts of the photosphere, we know that the photosphere 
oscillates (i.e. it vibrates much like a bell). 

•  These vibrations are somewhat similar to sound waves in 
the air on Earth. 

•  Since the speed of sound in a gas depends on the 
temperature and density of the gas, the study of solar 
oscillations can reveal details about the solar interior. 



The Sun and Space Weather 

•  Violent activity can occur in regions near sunspots. 
•  A prominence is a huge loop of gas arching above the surface. 


