Assignment #3 (40 pts)



Name ____________________________
_________________________________                                         
1.  (5 pts)  Given two scalar functions, f and g:  
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Show that the gradient product rule of two scalar functions is 
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.  Show all work.
2.  (5 pts)  Geostrophic flow.  You have heard in earlier courses (SO244, SO231) that Geostrophic flow is flow parallel to isobars.  Mathematically, Geostrophic flow obeys the equation 
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 where 
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 is the Coriolis parameter and 
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 is the horizontal gradient operator.  Using the geostrophic flow equation, prove that the flow field is parallel to the isobars (lines of constant P, pressure).  Hint – Review your Chapter 2 and 3 notes for help on this proof.
3.  If the flow 
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 is given as 
[image: image7.wmf]ˆ

ˆˆ

uuivjwk

=++

r

:

a. (5 pts)  Find the vorticity vector 
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 in terms of u, v, and w.    Show all work.

b. (5 pts)  Now find the vertical 
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 component of vorticity 
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, where 
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.  This quantity is known as relative vorticity.  Show all work.
4.  (25 pts)  On the synoptic-scale (i.e., large-scale motion), the departure from the background pressure field, called perturbation pressure, is related to both Coriolis and relative vorticity through the following equation1:
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a. (10 pts)  If the perturbation pressure field is given by 
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, where x is in units of km, 
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, and 
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, derive the Laplacian of 
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.  Then evaluate the Laplacian at the points (-5,-5), (0,0), and 10,10).  Show all your work.

b. (5 pts)  Using your result in Part (a), show that for a “wave-like” pressure field (such as one described by 
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.  This relation says that the Laplacian of perturbation pressure is proportional to the negative of perturbation pressure itself.  
Hint:  create a table using the 3 points in Part (a) above: calculate 
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and 
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 at each point.  You will have then shown that the Laplacian of perturbation pressure tends to be negative when perturbation pressure itself is positive, and the Laplacian of perturbation pressure tends to be positive when perturbation pressure itself is negative.  (This result is only true for “wavy” functions).
c. (5 pts)  Show, using your results in parts a and b, that the perturbation pressure 
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 is proportional to 
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.  I.e., show 
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d. (5 pts).  Finally, show that for the northern hemisphere, anticyclonic flow (which has negative relative vorticity 
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) is associated with high pressure and cyclonic flow (which has positive relative vorticity 
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) is associated with low pressure.  Note that a high pressure center is where pressure perturbations are positive, and a low pressure center is where pressure perturbations are negative.
1Equation 2.129 in Mesoscale Meteorology in Midlatitudes by P. Markowski and Y. Richardson (2010).  
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