Vorticity mixing
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M =(u+Qr )r, r, = acos(9)
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Idealized model

Barotropic: dynamical variables do not depend on z
Thin shell approximation: r~a

/Zonally symmetric boundary conditions

Incompressible flow
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Vorticity component perpendicular to surface:
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Circulation

C = gglu -dl = Circulation

Kelvin’s theorem: the circulation along a material line is
conserved
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C=fu-dl=[(Vxu)-dA=|w-dA
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Stoke's Theorem

D
Locally: E(a)-dA): 0

Do

In our barotropic model: E:O
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Vallis Fig. 12.2 The effects of a mid-latitude disturbance on the circulation around the
latitude line C. If initially the absolute vorticity increases monotonically polewards,
then the disturbance will bring fluid with lower absolute vorticity into the cap region.
Then, using Stokes theorem, the velocity around the latitude line C will become more

westwards.

C = P(u+2Qacos(¢))dl

* Jo conserve circulation, u must decrease In
the region outside the stirring

* Hence, to conserve net global momentum,
u in the stirring region must increase




