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Atmospheric Dynamics    



Summary of Salient Results
Lecture 8: Thermal and gradient winds, vorticity
1. Gradient wind

For steady circular flow the air must be supplied with a centripetal force U2/R directed towards the centre of the circle. In vector terms this becomes (U/R) kxU where:

R is +ve for anticlockwise flow (cyclonic in NH)

R is –ve for clockwise flow (anticyclonic in NH)

Then: 
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We solve the quadratic equation to find U. U is subgeostrophic round a low and supergeostrophic round a high.

2. Thermal wind 

This is somewhat of a misnomer, not being a wind at all but the vertical gradient or shear in the wind velocity. By differentiating with pressure the expression for geostrophic wind in pressure coordinates, Ug=f-1kx(p(, and noting that ∂/∂p commutes with (p, we can use the hydrostatic equation and the ideal gas law to derive the expressions:
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Looking at the second expression, we can see that if (T points equatorward, kx(T points eastward in the northern hemisphere, so westerly winds increase in strength with height. (In the southern hemisphere kx(T points westward but f is negative so again we get westerly winds aloft).

Fronts are regions of strong temperature gradient throughout the troposphere, and are associated with jet streams because of the thermal wind relation.

3. Natural coordinates
Coordinates that follow the flow in two dimensions:

s is a unit vector parallel to U
n is a unit vector perpendicular to U and to the left

4. Vertical component of vorticity
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We refer to these two terms as the curvature and shear vorticity, and together they give the relative vorticity. 
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