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u(X,t) =c exp(—|X —ct|),
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by (6) when H.,, = 0.1 and ko = /6 (corresponding to
12'/4/ /7). Solid line: § = 10; Dashed line: § = 2.5.

2. In 1999, Kraenkel, R.A. & Zenchuk, A. ( J. Phys. A., 32:4733)

found the cusped solitary waves., whose 1%-detivative tends to
infinity at crest.
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Relationship between peaked/cusped solitary waves has never

been reported.
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v(0,2) = —v(0,2), ie.| v(0,2)=0.
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cosh|nk(z + 1) sin(nkz), n >1,
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cos[nk(z + 1)] exp(—nkz), n>1, k>0, 0 <z < +4o0,
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cosh[nk(z + 1)] sin(nkz), n >1,
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v(0,z) = 0.
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v(0,z) = 0.
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Figure 8: Analytic approximations of elevation of the peaked solitary waves when
k = 1 (corresponding to ¢/+/gD = 1.24796). Solid line: 5th-order approximation
when H,, = 0.1 given by ¢; = —0.5 and ¢, = —1; Filled circles: 25th-order approx-
imation when H,, = 0.1 given by ¢, = —0.5 and ¢, = —1; Dashed line: 5th-order
approximation when H,, = 0.05 given by ¢, = —1 and ¢; = —1; Open circles: 25th-

order approximation when H,, = 0.05 given by ¢, = —1 and ¢, = —1.
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Lamb (Hydrodynamics, page 371):

“the tangential velocity changes sign as we cross the surface” ,
but “in reality the discontinuity, if it could ever be originated,
would be immediately abolished by viscosity”
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n cusped solitary waves in finite water depth

ijun Liao

(Submitted on 23 Nov 2013)

It is well-known that the Camassa-Holm (CH) equation admits both of the peaked and cusped solitary waves in
shallow water. However, it was an open question whether or not the exact wave equations can admit them in
finite water depth. Besides, it was traditionally believed that cusped solitary waves, whose 1st-derivative tends to
infinity at crest, are essentially different from peaked solitary ones with finite 1st-derivative. Currently, based on
the symmetry and the exact water wave equations, Liao [1] proposed a unified wave model (UWM) for progressive
gravity waves in finite water depth. The UWM admits not only all traditional smooth progressive waves but also
the peaked solitary waves in finite water depth: in other words, the peaked solitary progressive waves are
consistent with the traditional smooth ones. In this paper, in the frame of the linearized UWM, we further give, for
the first time, the cusped solitary waves in finite water depth, and besides reveal a close relationship between the
cusped and peaked solitary waves: a cusped solitary wave is consist of an infinite number of peaked solitary ones
with the same phase speed, so that it can be regarded as a special peaked solitary wave. This also well explains
why and how a cuspon has an infinite 1st-derivative at crest. It is found that, like peaked solitary waves, the
vertical velocity of a cusped solitary wave in finite water depth is also discontinuous at crest (x=0), and especially
its phase speed has nothing to do with wave height, too. All of these would deepen and enrich our
understandings about the cusped solitary waves.
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FIG. 1. Cusped solitary waves in finite water depth defined
by (6) when H,, = 0.1 and ko = /6 (corresponding to a =
1214 /\/7). Solid line: B = 1.9; Dashed line: g = 1.5.

H =01 k=mn/6
Solid line: p=10

FIG. 2. Peaked solitary waves in finite water depth defined
by (6) when H,, = 0.1 and ko = w/6 (corresponding to a =
1214/, /7). Solid line: § = 10; Dashed line: g = 2.5.

Cusped solitary waves have the same

~properties with the peaked ones! .
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The rogue wave can suddenly appear on ocean even when

“the weather was good, with clear skies and glassy swells”
as reported by Graham (2000) and Kharif (2003).
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