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Figure 4: A graph of error vs the velocity of an outgoing pulse. ψe(x, t) is the
exact solution, ψ(x, t) the numerical one.

initial condition ψ(x, 0) = (4πσ)1/2eikxe−x2/2σ2

, with k = 1, 2, . . . 21. With this
initial condition, the exact solution is

ψe(x, t) =
exp (ik(x − kt/2))

π1/42σ1/2(1 + it/σ2)1/2
exp

(

−|x − kt|2

2σ2(1 + it/σ2)

)

. (5.1)

We solve (1.1a) by means of Algorithm 1 using 3 scales. Each scale has 1024
lattice points, taking δx = 0.1 on the finest scale. The parameter ε was taken to
be 10−8, leading to b′ = 7.88 (as per (3.3)). The maximal resolvable frequency
on the finest scale is k = 41.8. Outgoing waves are filtered from the n’th scale
at k = 2−n13.06. The timestep is taken to be δt = 2−5.

In each simulation, Tmax is taken to be Tmax = 204.8/k, which is more than
enough time for the outgoing wave to reach x = 51.2 and return to the origin.
The quantity

E(k) = sup
t∈[0,Tmax]

‖ψ(x, t) − ψe(x, t)‖L2[−25.6,25.6] (5.2)

was computed, and the result is plotted in Figure 4.
Figure 4 shows that the error remains uniformly below 10−5, for a simulation

with σ = 4. The errors will get progressively worse with high frequencies,
however, but this can be resolved by increased the rate of sampling.

It should be noted that for k ≈ 1, if we ran the simulation out to time
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