
MEK4350, fall 2014

Oblig 2 = Second compulsory assignment

Problem 1 — Tayfun distribution for wave crests

In the limiting case of vanishing bandwidth, we can assume the second-order
Stokes wave as a model for the sea surface
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and ψ is a phase uniformly distributed over 2π and k is a characteristic wavenumber.

a) Derive the probability distribution for second-order wave heights and show
that it is identical to the distribution of first-order wave heights.

b) Derive the probability distribution for second-order wave crest heights (Tayfun
distribution, see chapter 12.3), and show that it predicts slightly larger crest heights
than the first-order distribution (Rayleigh).

c) Look at the empirical crest distribution of the Norwegian and Spanish time
series, compare with the theoretical Rayleigh and Tayfun distributions, and check if
the Tayfun really is an improvement in comparison with the Rayleigh.

Problem 2 — Modulational instability and the Phillips number 8 for

quartet resonance

Start with the cubic nonlinear Schrödinger (NLS) equation for wave evolution in
time and two space dimensions.

a) Compute the Stokes wave solution (a uniform wave, independent of the spatial
coordinates).

b) Perform a stability analysis for modulational instability in two horizontal
dimensions.

c) Plot a contour plot of the growth rate. Also plot the Phillips number 8 for
quartet resonance. Show that the unstable region of the NLS equation is bounded
on one side by the Phillips number 8 close to the origin.

Hint: This can be done two ways, either analytically by Taylor-expansion close
to the origin, or graphically plotting the contour plot of growth rate in the same
plot as the number 8.

1


