
2 The easy case: a uniform wave train

Make the traditional approximation and assume ∂y = 0. We also consider an infinite-
in-x uniform wave train. The equations of motion are

Du

Dt
− fv + px = 0 , (14)

Dv

Dt
+ fu = 0 , (15)

Dw

Dt
+ pz = 0 , (16)

ux +wz = 0 , (17)

where f is the vertical component of the rotation vector.
Using

total pressure = constant atmospheric pressure+ ρw

(

p − gz
)

, (18)

the surface boundary conditions are

@z = η : ηt +uηx =w , and p = gη . (19)

The dynamic condition is provided by the x-momentum equation, evaluated at the
surface

@z = η : ut +uux +wuz + gηx = 0. (20)

Mass conservation is satisfied by introducing a stream function ψ(x, z, t) with

u = ψz , w = −ψx . (21)

The vorticity is

ζ
def
= uz −wx = ∇

2ψ , (22)

and the vorticity equation is
Dζ

Dt
= f vz . (23)

The flow is no longer irrotational.

2.1 The linear problem

The linearized equations for the wave are

(

∇2∂2
t + f

2∂2
z

)
(

ψ′

p′

)

=

(

0
0

)

, (24)

with a boundary condition

@z = 0 : p′t + gψ
′
x = 0 . (25)
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