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A Simple Phase-Mixing Paradigm

(Carl Oberman reminded me of this view of Landau damping)

Consider a 1-D kinetic Eq. for f(z,v,t), with no E field:

of ,  of _
8t+ 0z =1

Exact solution is just f(z,v,t) = fo(z — vt,v).
Consider single Fourier mode in z with Maxwellian distr. in v:

fo = Far()(1 + acos(k2)
— fu(v)(1 + a Real %)

f = far(v)(1 4+ aReal eik(z_vt))

At any fixed v, f oscillates in time with w = kv & no damping.
However, any v-moment of f will exponentially decay in time:

ikz )
n(z,t) = [dv f = ng + ang Real — [d'U o~ ikt —v?/(2v)
\/27T?}t Phases

2 2,2
n(z,t) = ng + ang cos(kz)e_]'C Gtiy)2
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CHAPTER 4. NONLINEAR TESTS OF ONE-DIMENSIONAL
66 CLOSURES
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Initial perturbation with k = 3.
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Advected perturbation at time ¢ = 1.
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Figure 4.1: Illustration of %%re—P-lasma_L;.r.h.g An initial density perturbation is shown in
the first picture with spatial structure having wave number k& = 3. After some time, the

perturbation has tilted in phase space, so the perturbation averaged over velocities has

decayed. _ : ) .
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