I.1: General Plasma Physics [25 points]

Consider a magneto-electric particle trap in the region —L < z < L. To accomplish
this trap, suppose a magnetic field in the z direction such that

_ _z )2 if — .
B_{BO(1+(R 1)(Lm)), if — L, <2z<0;

BU} if z Z 0.
Suppose also an electric potential
0, if z =< 0;
2
6= () H0<z<Ls
®o, if 25 L.

(a) [4 points| Describe how ions might be trapped in this configuration of magnetic
and electric fields. Would electrons also be trapped in the same fields?

(b) [6 points] Derive a trapping condition for confined particles in terms of the particle
midplane perpendicular energy W, and midplane parallel energy W)y, where these
energies are defined at the axial location z = 0.

(c) [2 points| Sketch the trapping condition in W, — W) space.

(d) [2 points] If trapped ions of charge state g were scattered in pitch-angle, but not
in energy, through collisions, from what end of the device would they leave? How does
this answer depend on the midplane energy coordinates W,y and W),? Please explain
very briefly (in one sentence).

(e) [5 points| Suppose now that the electric potential is a varying function of time.
Show that the second adiabatic invariant can be put in the form

VV‘?O/Z (zpm + zg) = const.

Here z); and zp are the turning points in the regions z < 0 and z > 0 respectively.
What are z); and zg in terms of the parameters L., L,,, R, Wiy, and W),. Define
W, = q¢o/(R — 1). Show that, if W /W, ~ O(1), then L. > L,, implies z, > z,.

(f) [6 points] Suppose that the length L.(t) slowly changes in time, but assume that
L.(t) > L, for all t. Show that, if L.(¢) is slowly shortened from t = 0 to t = t,,
such that L.(0)/L.(ty) = o > 1, then there is a region in W,q — W), space (where
coordinates are given at ¢ = 0), such that any ions in that region will escape on a
different side of the trap by the time ¢ = t;, than they otherwise would have eventually
escaped by rare but finite pitch angle scattering had the trap potential not been altered
( = 1). Show that this region is triangular in shape with area
1 -1
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Not so helpful hint: You may wish to use (bul you do not really need it) the integral

L= =n/4
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