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rrr = (x,y) kkk = (p, q) (6)

ẋ =ωp , ẏ =ωq (7)

ṗ = −ωx , q̇ = −ωy (8)

We are considering waves propagating through a steady planar flow with velocity
uuu = u(x,y)x̂xx+v(x,y)ŷyy . We limit attention to an isotropic waves, so that the Doppler
shifted frequency is

ω(rrr , kkk) = uuu ··· kkk+ ω̄ (k) . (9)

The wavenumber is

kkk = px̂xx + qŷyy = kk̂kk , where k = |kkk| =
√

p2 + q2 . (10)
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