Miley


421 Exam: Open Book and Notes
1hr 20 minute time limit,
Short Answer/problem Questions: (All parts equal weight).  Since there are 6 questions, watch your time to allow about 15 min each. Try to provide as much of an answer to each. If time runs out on a problem it is best to move on. *Please write your answers neatly in the booklet provided and make sure to label each answer clearly.
a. Define a plasma.

b.   If a spherical plasma of fixed radius is cooled down at constant density, what sets a limit for the lowest temperature that it can achieve and still exist as a plasma? Explain your reasoning.
b. Sketch the D-T fusion reactivity vs. energy, i.e. < σfv> vs. E.  Indicate the approximate values for the reactivity and the energy (in keV) at the peak of < σfv>.
c. Shown on the same diagram (using a dashed line) the fusion reactivity if barrier tunneling did not occur. Would this change the peak value? State your reasoning.
d. Explain the physical meaning of the Debye shielding distance.

e. Calculate the Debye shielding distance for a pure D-T plasma at 20 keV and 1014 /cm3. If 1 % impurity iron atoms (Fe atoms/total atoms) are added, will the Debye distance increase or decrease? Set up (do not solve) an expression for the % change in shielding distance? 
f. Explain how the particle “drift” velocity differs from the particle velocity. Use a hand sketch to illustrate the concept.
g. What is the expression for the drift velocity in the case where an electric field E   is applied perpendicular to the magnetic field B? Indicate what must be done to change this expression if the two (E and B) are shifted in direction to 45 degrees to each other?
h. Write down the full set of Maxwell’s equations applicable to a plasma with two components - ion and electron. What are the independent variables in the equations? 
b. Why does a plasma (vs. a metal) allow us to use E (electric field strength) and B (magnetic flux density) instead of D (electric flux density) and H (magnetic field strength) , respectively, in these equations

c. Use Poisson’s equation to evaluate the electric field E that would occur in a D-T plasma of 1014/cm3 and 20 keV if 10% of the electrons suddenly drift away, leaving the ions and rest of the electrons behind.

6.       Consider a D-T fueled ICF fusion plant.

a. Estimate the fusion burn time (i.e., “disassembly time”) assuming a cryogenic D-T ICF target (~ 1022 atoms/cm3) of 0.5 cm radius (initial value of radius) is compressed by a factor of 103 to 1025 atoms/cm3. Would this time meet the Lawson criterion?
b. Since the fuel is 50% deuterium, D-D reactions will occur in addition to the desired D-T reactions. This results in emission of both 2.54 MeV D-D neutrons and 14 MeV D-T neutrons. Assume the D-T fusion burn occurs at 100 keV and at the compression density given in part a. Set up an expression for the ratio for production rates of D-D neutrons to D-T neutrons. 

