How a geostrophic disturbance knocks the atmosphere out of thermal-wind balance
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     This is an addendum to pp. 360 - 361 in Vol. I.  The discussion involves what would happen if there were no ageostrophic secondary circulation.

     According to (5.7.97) and (5.7.98), the effects of a geostrophic disturbance are to force the atmosphere further away from thermal-wind balance.  The effects of geostrophic deformation acting on a meridional temperature gradient are given by (5.7.94) expressed as follows:

                   Dg/Dt (-∂T/∂y) = ∂ug/∂y ∂T/∂x + ∂vg/∂y ∂T/∂y                   (1)

The first term on the right-hand side of the above equation represents geostrophic shear (deformation) acting on the zonal component of the temperature gradient;  the second term represents geostrophic confluence or diffluence (deformation) acting on the meridional component of the temperature gradient.

     The effects of geostrophic deformation acting on the vertical shear, which represents the synoptic-scale vorticity about the y axis, are given by (5.7.91) expressed as follows:

Dg/Dt (-∂ug/∂p) = - (-∂ug/∂p) (∂ug/∂x) + (∂vg/∂p) (∂vg/∂x) + (∂vg/∂x - ∂ug/∂y) (-∂vg/∂p)   (2)

This is a special case of the horizontal-vorticity equation (4.5.136).  The first term on the right-hand side of the above equation represents geostrophic divergence in the x-p plane (not in the quasihorizontal plane, on which geostrophic divergence is zero!) (∂ug/∂x)  acting on the y-component of geostrophic vorticity (-∂ug/∂p).  The second term represents tilting of geostrophic vorticity about the x axis (∂vg/∂p) on to the y axis by geostrophic shear (∂vg/∂x).  The third term represents tilting of the vertical component of geostrophic vorticity on to the y axis by vertical shear of the geostrophic wind (-∂vg/∂p).

