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a) Linearize the cold electron fluid equations:
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Linearize using 9; — —iw, V — ik, eliminate E, 7, ¥ to get w? = oo = w2,
b)Using Poisson’s equation from above:
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from which n(t = 0) and (¢t = 0) = #=n(t = 0) follow directly.
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¢) If the wave is not completely extinguished, it has completely flattened the
distribution function for some width Av around v = w/k. See the very well-

graph graph below. d) Electrons with velocities between % —Awv are accelerated,
w

and those with velocities  — Av are decelerated. We can approximate the
number of accelerated particles N, ~ Av fo(%¢ — Av) and similarly the number
of decelerated particles Ng ~ Av fo(% + Awv). Since we are out on the tail of the

distribution function, we can Taylor expand:
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So the net number of accelerated electrons is:
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N = N, — Ny =~ (Av)? 9
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The average energy gained by one of these electrons:

Egained = %me [(:)2 - (% - Av)2)} ~ meAv% (7)



fx) A

slower particles
Sfaster particles

Y

|
|
I
1
1
1
I
V

’

ph

Figure 1: Note that the flattening should really be farther out on the tail in this
case, but the idea is the same.

Now we look at the (linearized approximation of) the maximum energy the
E field could transfer to an electron:

E
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Within a factor of unity, Egqineqa and W are equal, so we equate them to
get a value for Av = \/eEy/mk = vy,.. Thus, vy, corresponds to the maximum
velocity of an electron that could remained trapped in the potential well of this
standing wave.

For E(z,t — o0) to remain finite despite Landau damping, we require that
the total energy of the wave is greater than the energy spent flattening the
distribution function:

€0|E0|2 > N x Egained = ’lne(AU)Sﬂ % (9)
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where we noted that w ~ w,. Rearranging and using Av = v;, we obtain
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as desired.



