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A notable feature of ship waves at small Froude numbers (F <« 1) is that the
wave amplitudes are exponentially small with respect to F . Moreover, as
F — 0 the assumption of linearization is not appropriate. Thus, the role of
nonlinear effects in ship wave patterns at small F hinges on exponential
(‘beyond-all-orders’) asymptotics. This outstanding theoretical issue is
addressed here in the context of a simple partial differential equation with a
quadratic nonlinear term. To understand how nonlinearity affects this ship wave
pattern, we develop an exponential asymptotics technique applicable to a partial
differential equation. The asymptotic predictions generally are supported by
direct numerical computations.
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Figure 1. Two-dimensional model problem mimicking the generation of ship waves due
to flow past a forcing f(x,y). The dashed lines represent wave crests, and the
dash-dot line represents the Kelvin wedge. Only the region for y >0 is shown.
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Figure 2. Contour plots of the wave response for g =0.2 to the forcing term (18) with
A=0.3 according to the linear theory (16) (top), the asymptotic nonlinear
theory (middle) and direct numerical solution (with &= ) of (1) (bottom). The
solid lines show the Kelvin wedge 6=19.45" .
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