Mid-term test Plasma Physics, 6 November 2008

Note: The collision time plug-in formulas (36)—(41) on pB-14 of the lecture notes take den-
sities in nT3 and temperatures in keV. Some constants:

me = 9.1094 x 1073 kg, e =1.6022x 107 J/eV,
m, = 1.6726 x 107%"kg, to = 4m x 107" H/m,
k= 1.3807 x 1072 J/K, € = 8.8542 x 1072 F/m.

1 (40 pt)

A fully ionized hydrogen plasma is immersed in the magne&ldfB = 1, /(27r) from an
infinite straight wire carrying a curredt = 2 x 105A. This plasma has a uniform density
n =10 m~3, and anisotropic temperatur&s = 2keV, andT| = 5 keV.

(a) What are the average proton velocities parallel and peipelad to the magnetic field?
(b) What are the typical electron and ion gyro-radii at a distanitom the wire?

(c) Compare the ion gyro-radius with the inhomogeneity of thgmegic field (the length scale
on which the field strength changes significantly and thetlesgale on which the field lines
curve). How high must the curreit be so that thguiding center approximatiomvhich says
that particle drifts are small corrections to the gyro-rantaround a fieldline, is okay for the
ions?

(d) In the guiding center approximation, what are the averagear electror’v B and curva-
ture drift velocities at distancefrom the wire?

(e) Express the total current density in terms of the ion andiedrift velocities. Compute
the current density. In which direction does this currentfidignore the magnetic field due to
the current in the plasma)

2 (30 pt)

A plasma is in contact with an infinite (in the = directions) conducting plane. Say, the plane
is atz = 0 and the plasma at > 0. The plane is at an electric potential compared with the
far-away plasmau( = oo). We are looking for the electric potentia{x) in the plasma. Assume
that the electrons have a Boltzmann distributiQiz) = n., exp(e¢/kT.) and the ions, with
chargeeZ, have a distributiom;(z) = (nw/Z) exp(—eZ¢/kT;).

(Hint: This problem uses approximations analogous to tise chthe Debye-screened electric
potential around a point-charge, which has spherical syimymdere the symmetry is different:
there is onlyz-dependence, netdependence.)

(&) What is the charge densipy; as a function of?

(b) From E = —V¢ and Poisson’s equation for the electric field, derive th&dntial)
equation that)(x) must satisfy in the plasma (> 0).

(c) Assume that the plasma is ideal. Explain what this meansh@rtypical kinetic and
potential energies of the particles, and use this knowlédggproximate the expressions for
n.(z) andn;(z) so that they are linear functions of

(d) Simplify the differential equation (question a) fofx) accordingly and solve it. Write the
solutiong(z) in terms of the Debye length.



3 (30 pt)
Compute, assuming that the following three plasmas ar@argihydrogen plasmas,

n(m=3) | T (eV) | B (T)
Solar corona | 10% 100 | 0.03
Fusion reactor  10%° 104 3

(@) The plasma frequency and the Debye length

(b) The average distance between electrons and the distanearefsh approach for two elec-

trons with energiesT'. Are these plasmas ideal?

(c) The electron-ion collision time. and the electron mean free path,,.

(d) The sound speed (Section 5.1) and the Alfvén wave speed(Section 3.4).

(e) Consider a 200 kHz Alfvén wave in the fusion plasma. Can tasrpa be considered to be

collisionless or collisional? Are the ions adiabatic ortieymal?

4 (0 pt)
Write down your preferences for the second part of this aaWge have about nine lectures to
divide. Think of the following choices:

e Fusion energy / Plasma chemistry / Astrophysics / Complax @sty) plasmas
e Theory / experimental methods / applications

e Other ideas



