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Example Quiz

421 Exam: Part 1 (Closed book/notes)

50 minute time limit,
Short Answer Questions: (All equal weight) 

a. Define a plasma.

b. The sun operates on the “carbon cycle”.  What is the basic fuel (i.e. what nuclei) is/are burned?  How is carbon involved?

c. Sketch the DT fusion cross section vs. energy, i.e. σf(E) vs. E.  Indicate the approximate values for the cross section (in barns) and the energy (in keV) at the peak of σf(E).

d. Explain why the cross section is lower at both low and high energies.

e. Explain the physical meaning of the Debye shielding distance.

f. Add the scattering cross section σs(E) to the sketch of 2a to illustrate relative trends.

g. Explain why the wavelength for cyclotron radiation emission is longer than that for Bremsstrahlung emission from a typical magnetically confined plasma. 

h. Explain how the particle “drift” velocity differs from the particle velocity.

i. What is the general expression for the drift velocity in the case where a force F acts on an ion moving in a magnetic field B?

j. How is ion energy related to the invariant of motion μ when the ion is in a slowly varying magnetic field B?

k. Write down the four basic Maxwell equations.

l. Write down the continuity equation employed in the fluid MHD model.

m. What is used as an “ohm’s law” in the MHD model assuming a perfectly conducting fluid?

n. Under what condition(s) is the MHD model valid?

421 Exam: Part 2 (Open book/notes)

40 minute time limit
Short Problems

(40 pts)

1. A positively-charged particle has an initial velocity, 
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.  Describe the motion of the particle for each case below using equations, diagrams and some discussion.

a. 
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(60 pts)





2. Consider a D-3He fueled ICF fusion plant.

a. Find the ideal ignition temperature for D-3He.

b. If the fusion burn occurs at 100 keV, what is the ratio of neutron producing D-D reactions to the desired D-3He reactions?

c. Estimate the fusion burn time assuming the target is compressed to 1024 atoms/cm3.

d. The charged particle output from the fusion burn is run through a direct conversion system with efficiency ηDC ~ 3/4, while all other output (unburned plasma, radiation, neutrons, …) goes a thermal cycle of efficiency ηth ~ 1/3.  Recycle energy goes through a laser driver of efficiency ηL ~ 1/10.  

i. Draw an energy flow diagram.

ii. Find the target gain (G) required for “breakeven”, i.e. fusion energy out = energy in.

iii. Set up an expression (do not evaluate) for the Lawson criteria for this plant in terms of ρR (equivalent to nτ).

NPRE/ECE/Physics 321

Optional Questions for Extra Credit: Turn in next class – 3/11/03 

Open book/notes. Sign pledge that problems were not discussed with anyone; work is entirely your own.

(40 pts)

1. Show a diagram of the trajectories of ions and electrons in a magnetic field gradient, (B, perpendicular to B.

a. Briefly discuss why their gyroradii are different.

b. Devise an expression for the ratio of the gyroradii and gyrofrequencies.

c. An E × B plasma drift results from the ion and electron motion.  Show the direction of the drift velocity and devise an expression for it in terms of the field B, (B, and particle energies Eί, and Ee.
(60 pts)

d. Discuss when to use a kinetic model vs. the MHD fluid model.

e. Devise an expression equivalent to (6.34) that includes the next order reaction f3, (r3, v3, t) = f (3).  Note that you will need to assume a new physical approximation for f3 (r1, v1; r2, v2; r3, v3; t) in the spirit of (6.33c) to obtain a “cut off” of the sequence.
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