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All problems worth 10 points. 4 '\D &

1. The frequency-dependent dielecttic for a plasma is approximately &(w) ~ 1-w} /w?

where ), is the plasma freque}réy. For the ionosphere, the maximum value of this frequency

is approximately w, ~ t is well known that long wave length radio waves

(A2 1000m) follow the curvature of the earth, bouncing back and forth between the
ionosphere and the surface of the earth, easily having a continental range. On the other
hand, TV waves (A ~ 1m) don’t follow the curvature of the earth; TV reception is line of
sight from antenna to receiver. Give a short explanation of these observations.
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A long copper bar of rectangular cross section (see figure) is initially immersed in a uniform
axial magnetic field B=zB,. Atr =0, the external support for the magnetic field is suddenly

switched off, and the field in the copper bar begins to decay slowly. Find the magnetic field
in the bar for t > 0 [i.e., find B.(x,y,0)].
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According to the Lorentz-Drude model for a metal, the current density and the electric field
are related by the equation

2
9 3, +73(e,1) = 2 Eryr),
at m

where n is the density of conduction electrons and y is the collisional relaxation rate for the
current (in the absence of an electric field).
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a. Obtain z differential el]uatlon that governs the temporal dependence of the charge
density, p(r,?) #I'ISICIC the conductor. i dals P A \._j r~
O = “j 4_-\7\\_ Vol‘* = 4 f
Q% -

b. Given that p(r,r=0) = py(r) and J(r,t=0)=0, find p(r,r) for 1> 0. You may assume that
y?> <<ne* /m. Also, give an estimate of the time for p(r,?) to decay for the case where
the conductor is copper at room temperature.
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A plane electromagnetic wave propagates in the +x-direction and has intensity (time-average
power/area) (S.)=1I,. The wave reflects normally from a plane conductor (mirror) that is

moving toward the wave with velocity -Vx. What is the intensity of the reflected wave (in
the laboratory frame)?
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