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FicUurE 9. An example of the amplitude spectral modification with distance from breakwater gap
{Figure 3). Curves decrease monotonically with each Az. (Az = 5.41 m.)

4. Conclusion and discussion

Wide-angle models permit the prediction of wave characteristics in regions where
diffraction is very strong, such as might occur in front of wavemakers and behind
breakwaters or offshore islands. For depths varying in the z-direction only, the initial
wave field at # =0 is resolved into Fourier components, which then propagate
independently in the a-direction with wave phase functions dependent on % and A
alone, and not gradients of wave amplitude, as might be expected from (3.26b),
which governs the total wave field. The Fourier components are not affected by the
curvature of the wave crest; the associated eikonal equation for these wave
components is simply .

S, = (k?— A2, (4.1)

found from the integrand of (3.9). Snell’s law is exactly satisfied by these progressive
modes ; the wavenumber A remains constant during the shoaling process.

Those waves with wavenumbers in the y-direction exceeding the wavenumber &
are evanescent and most of these decay rather rapidly (within several Az, where we
have taken Ax = Ay). Thus, the evolving wave field in a diffracting domain is a result
of the decay of the evanescent modes and the angular dispersion of the progressive
modes, as they all propagate in different directions.

As an example of the decay of the Fourier components, the amplitude spectra,
|A(x, A)| (defined as the integrand of (3.9), excluding the exponential terms) of the
waves in figures 2 and 3 are shown for m = 1 to §N in figure 9. The uppermost curve
shows the initial amplitude spectrum at x = 0, while the remaining curves are for
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x =nAz, n =1, 2, 3. The rapid decay of the evanescent modes is obvious, occurring
over distances much shorter than a wavelength (approximately 15Ax for this
case).

The derivations and results here are for linear theory. The influence of wave
amplitude on wave celerity and direction are well known and can affect very strongly
the results shown here. These models will remain valid as long as the ratio of
diffraction terms to the nonlinearity is large, or

V-(CC,VA)

o > K|df?, (4.2)

g

where K=k

g cosh 4kh +8—2 tanh® kh
C 8 sinh* kh

g

This relationship is obtained from the eikonal equation for the nonlinear mild-slope
equation developed by Kirby & Dalrymple (1984).

Partial support for this research was provided to RAD by the NOAA Office of Sea
Grant, Department of Commerce under Grant NAS8GAA-D-S8G040. JTK ack-
nowledges the support of the Office of Naval Research through Grant N00014-86-K-
0790.

Appendix A. A Green-function approach to the constant-depth wave
potential

Using Green’s Second Identity, we can readily derive Weber’s two-dimensional
analogue to the Helmholtz Theorem (Baker & Copson 1950),

sz, =1 | (652-63F) as A1)

where G (@, y:7, §) = H{P(kr,), the Hankel function of the first kind; r, = [(n—z)?

+ ({—y)2], the distance from the boundary point (7, £), to (x, y), and the normal
derivatives are positive outward from the domain boundary, §. The line integral in
this case encompasses the half-plane, z > 0. This equation has been used in the study
of harbour resonance by Lee (1971). For ¢(x, y), which satisfies the Sommerfeld
radiation condition, the integral (A 1) is reduced to an integral along the y-axis
=0 g o a

Alternative solutions that do not require ¢ or its derivative along the axis are
obtained with a Green function that is zero (or its normal derivative is zero) along
the y-axis.

The two possibilities are

G~ = H{P(kr,) —H (kr,), (A3)
where 7, = [(9+z)*+({ —y)z]%, the distance from the boundary point to an image

point about the y-axis, or
Gt = H®P (ker)) + HP (kry). (A 4)
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Substituting these into (A 2),

kx
0, ) HP [k ——d A5
e I e e LY

and

s, =k [ L0 ke + =09 & (a6)

The last equation is the same as (3.17).
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