Solar Physics – Problem sheet 4 



2/3/06

1. Calculate the typical speed of coronal electrons and explain quantitatively why the Fraunhofer lines are essentially invisible in the K-corona. Use the H( line at 6563 Å as an example.

2. What is meant by the term Local Thermodynamic Equilibrium? Where in the solar atmosphere is this a valid assumption?


3. Using the figure and expression in your notes for determining the coronal density from white-light observations, and assuming hydrostatic equilibrium, derive the coronal temperature.

Answers:

1. Using a typical value for the temperature of the corona, T= 2x106 K , me=9.1x10-31 kg
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The Doppler shift caused by this velocity component in the line of sight causes the line to be broadened according to
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For the H( line (=6563 Å and for v as calculated above, we get ((D (200Å. The line is so broad and smeared out that it is essentially invisible at these temperatures.

2. LTE - all direct and reverse atomic process rates balance, energy level 

populations depend only on T and can be obtained from the Boltzmann equation

while ionization stage populations depend only on T and density and can be 

obtained from the Saha equation. If mean free paths for the occurrence of the 

processes are small compared to distances over which T changes significantly, LTE holds.  

LTE holds - below the photosphere. LTE already breaking down at top of

photosphere due to loss of radiation. In the corona, kinetic T of gas ~ 1MK,

illuminated by a radiation field of ~6000 K -> Boltzmann and Saha not valid

and all atomic processes must have their rates calculated.

3. Surface brightness = N x 1028 where N is the electron density

and 1028 is the scattering cross-section.

From the figure in the notes or on the web-site you can determine the distance over

which the surface brightness falls to 1/e of its initial value, i.e. the scale

height. This equals 0.2 solar radii. Then using the equation of hydrostatic 

equilibrium you have for the scale height:

H = kT/( mHG

giving T = 2.3 x106 K.
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