Web page for material: http://tinyurl.com/m4dau

Atmospheric Dynamics    



Summary of Salient Results
Lecture 5: The momentum equation
1.  Acceleration of a parcel of air in an inertial frame


[image: image1.wmf]F

A

V

    

    

A

GM

    

-

    

1

    

dt

d

3

-

Ñ

-

=

p

r







 pressure     gravitational,  frictional acceleration





gradient      A = Earth’s







   radius
The full, or Lagrangian, derivative d/dt applies to an individual air parcel. The Local, or Eulerian derivative ∂/∂t applies to a point in space. They are related by:
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2. Transformation to a rotating frame and local Cartesian coordinates
See separate document for transformation to a rotating frame. Transformation to a local Cartesian frame introduces terms of order V2/RE where RE is the radius of the Earth. It turns out that since the Earth is so large, these terms are second order and may be neglected in the momentum equation:
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In the local Cartesian frame x points east, y points north and z points up. Position vector r = (i,j,k); velocity vector V = (u,v,w); horizontal velocity vector U = (u,v,0)
3. Coriolis acceleration
The Coriolis term may be resolved into vertical and horizontal components. To do this let 

Ω = Ω(0,cosλ, sinλ) in the local Cartesian frame. 

Then    -2ΩxV = -2Ω (0,cosλ, sinλ)((u,v,w)    =     -2Ω (wcos λ – vsinλ, usinλ, -ucosλ)

The vertical component is much smaller than g so is ignored. Furthermore, w is about 3 orders of magnitude smaller than u and v on the synoptic scale so it too can be ignored. This results in the horizontal component of the Coriolis acceleration, 
(-2ΩxV)H  = -2Ωsinλ (-v,u,0)  = fkxU  where k = (0,0,1) and U = (u,v,0)

Coriolis acceleration bends air to the right in the NH, left in the SH

4. The Momentum Equation, ignoring excess centrifugal terms and vertical component of Coriolis acceleration:
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