Assignment #3 (40 pts)



Name ____________________________
_________________________________                                         
___________________________
__________________________________
1.  (30 pts)   Helicity is quantity often used in Meteorology to identify the transfer of vortical motion to convection.  This is particularly useful for weather system such as tornados .  It is mathematically defined as 
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(1)

Draw a brief sketch of the path of a particle trajectory within these velocity fields and find their Helicity over a material cylindrical domain with radius r(t) and height, z(t).  

(Note: The domain looks as follows and has volume 
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a) (10 pts) 
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where 
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is a constant with units of 
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b) (10 pts) 
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where 
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 is a constant speed and 
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c) (10 pts) Given that Helicity, H,  is a conserved quantity:
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H is constant with respect to time.
Show that your results from the velocity field in part b)
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Lead to the following relationship between the cylindrical radius r and height z
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   where C is a constant




(2)

Note: Equation (2) shows the Ballerina effect where the geometry of the material cylinder is conserved
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2.  (5 pts)  A Geostrophic flow obeys the equation 
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 is the Coriolis parameter and 
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.  Show that the 2-D flow field 
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 is parallel to the isobars (constant pressure contours).

(Hint – Review your chapter 2 notes for help on this proof)

3.  (5 pts)  Given a velocity field formed by the product of two gradients
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Where 
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 and 
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 are scalar functions.
Show that the divergence of the vector field 
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 is solenoidal.


(Identity VII in appendix A at the end of your chapter 3 notes will be helpful for this problem)
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