CSI 769/ASTR 769       Topics in Space Weather
Mid-term Exam (Take-Home)
Assignment Date: Oct. 25, 2005
Due: Nov. 1, 2005
Answer each of the following five questions. Each question contributes 20 points to the score.
1. Plasma-β

(1) Calculate and plot the curve of the plasma-β parameter β(h) as a function of height h in the corona and inner heliosphere. The height range is from 0.02 Rs to 10 Rs (Rs: solar radius). Assuming a constant temperature of 1 MK, assuming a magnetic field model of

B(h) = 0.5 (R/Rs -1) -1.5 G (Eq. 1.4.1 in Aschwanden), and a density model of 
n(R) = 108 [2.99 (R/Rs)-16 + 1.55 (R/Rs)-6 + 0.036 (R/Rs)-1.5] cm-3 (Eq. 1.6.1 in Aschwanden),  where R=Rs+h
(2) Identify the critical height that plasma-β equals 1.0, and discuss the implications on the physical properties of the plasma below and above this critical height.

2. For a semi-circular flaring loop with a half length of L = 1010 cm (measured from the loop top to the footpoints), assuming the temperature of 107 Kelvin, and the density of 1010 cm-3
(1) calculate the sound speed in the flaring loop, and the propagation time of sound wave from the loop top to footpoints

(2) calculate the Alfven wave speed, and the propagation time of Alfven wave from the loop top to footpoints
(3) Calculate the speed of 25 Kev electrons

(4) Calculate the speed of 5 Mev protons

(5) What time delay is expected between hard X-rays produced by 25 Kev electrons and gamma ray lines produced by 5 Mev protons? Assuming energetic particles are injected at the loop top. 
3. Construct your own cartoon model of a typical solar eruption. Your drawing should show the basic morphology of magnetic field lines during the eruption. In the drawing, indicate clearly the various observational features of a solar eruption, including at least CME front, cavity, post-eruption soft X-ray loops, hard x-ray sources, Hα ribbons, and the presumed magnetic reconnection site. 

