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Exercise 4: [The nonlinear Schrödinger equation]
Consider the nonlinear Schrödinger equation

ut = iuxx + ib|u|2u, x ∈ R, t ≥ 0, b > 0, u(x, t) ∈ C, (1)

and determine a wave solution which travels and rotates simultaneously. Use the ansatz

u(x, t) = exp(−iθt)v(x− ct), x, t ∈ R
v(ξ) =c1 exp(ic2ξ)sech(c3ξ)

with suitable constants θ, c, c1, c2, c3 (recall sech(x) := 1
cosh(x)

, x ∈ R). For some interesting
parameter set use MATLAB (or some other package) to draw the graph of (x, t)→ Re(u)(x, t)
over a suitable domain [x−, x+]× [0, T ].

(8 points)

Exercise 5: [Travelling wave of a damped nonlinear wave equation]
Let u(x, t) = v?(x− ct) be a travelling wave solution of the scalar parabolic equation

ut = Auxx + f(u), x ∈ R, t ≥ 0, (2)

where A > 0 and f ∈ C1(R,R). Find a travelling wave of the damped wave equation

Mvtt + vt = Avxx + f(v), x ∈ R, t ≥ 0, (3)

with a givenM > 0. Use the ansatz v?(kξ), ξ ∈ R with a suitable k for the profile and determine
a suitable speed. How do the speed and the profile behave as M → 0?

(6 points)


