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A more detailed look at the linear problem

(U � c)(�00 � (F + k2)�) + (� + FU � U 00)� = 0

U(y) ! Ū as |y| ! 1

�(y) ! 0 as |y| ! 1

Consider

to seek localised 

�(y) ⇠ e�p|y|

p = i⌫, ⌫ 2 R
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We can prove

No eigenvalue c generally exist below ��/F for smooth mean flow U(y)

(e.g. for U bounded, and for convex U 00(y) � 0)
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Consider piecewise smooth mean flows  

symmetric asymmetric

U(y) = Ū [1� a exp(�b|y|)] U(y) =

(
Ū� [1� a� exp(b�y)] y < 0

Ū+ [1� a+ exp(�b+y)] y > 0
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Derivation of solitary Rossby wave equations

AT = µAAX + �AXXX + ⇣AXY Y

Zakharov-Kuznetsov equation

X = ✏(x� c0t), Y = ✏y, T = ✏3t

Our aim/wish
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Seek an asymptotic solution of the form

 ̃ = ✏2 (2) + ✏3 (3) + ✏4 (4) + · · ·

with leading-order perturbation stream function

 (2) = A(✏(x� c0t), ✏y, ✏
3t)�0(y)

where

L(c0)�0 = 0
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We are not giving up yet: modified Zakharov-Kuznetsov equation
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Summary

The dynamics of small localised large-scale perturbations in the quasi-
geostrophic potential vorticity equation on unbounded domains is entirely 
linear
with dispersion confined to the zonal direction 
Remark: KdV can be derived in meridionally confined domains 
Comment: issue of β-plane approximation in meridionally unbounded domain 
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Outlook

what about unbounded domains with a single meridional boundary (e.g the 
antarctic circumpolar current)?
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