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Midterm Quiz: GFD 1  AS506/OC512     9 Feb 2011      
1.  (short answers, 2 or 3 lines)  
    o  Why do we sometimes say that ‘almost all large atmospheric storms and ocean eddies spin the 
same way as the Earth’? 
    o  What does the “temperature” of an ideal gas equate to, in terms of molecular motion? 
 
2.  Rotating fluids have both kinetic energy KE and potential energy PE associated with the flow.  
Consider a 1-layer fluid with a free upper surface, whose elevation is η(x).  The mean depth is H0.  
Compare the following two flows assumed to be in steady, geostrophic balance:  η = A sin(kx) 
where (a) A=A0 , k = k0  and (b)  A= 10A0 , k= 0.1k0.  Make a sketch of the fluid in each case.    
 
   o     Find the ratio of PE/KE in each case, assuming geostrophic and hydrostatic balance.  Note 
that the PE is measured relative to a state of rest, η = 0.   
   o     Calculate the potential vorticity q(x) for either one of these two steady flows, using the 
linearized expression for q (given below).  Express the result in terms of f, k0, H0, g, A.    
   o     From the relative sizes of the terms in q, estimate the Rossby number, U/fL.  Do the two 
terms have the same sign or opposite signs, in contributing to the full expression for q? 
 
3.     The storms that have repeatedly dumped snow on the central and eastern US this winter 
involve cold air flowing south along the eastern slope of the Rocky Mountains from high latitude.  
Consider moving a parcel of air southward from latitude 55N to latitude 25N.   ‘Before’ and ‘after’ 
sketches are show below. 

o      Show that if the Coriolis force is the only force acting in the east-west direction the fluid 
particle’s zonal velocity in this cold-air outbreak would change by an amount   ∆u = f∆y where 
∆y is the (north-south) change in latitude travelled. 
o       This argument based on the Coriolis force would suggest that southward moving air 
parcels should turn westward rather than eastward, but they did not.   What is missing from this 
argument?  
o       Potential vorticity of the air parcel involves f, ζ and h (see equations below).  For a two-
layer stratified fluid each layer has a velocity field and potential vorticity field, h being the 
thickness the corresponding layer. We observe very strong positive relative vorticity:  cyclonic 
storms and cyclonic deflection of the jet stream, in certain regions of the flow..   

      o       Sketch on the figures below the velocity into or out of the page corresponding to the 
     thermal wind (as discussed just above, we observe mostly westerly (eastward) winds everywhere,   
     but here we are interested in the vertical shear).  How do the magnitudes of these velocities  
     compare between the two figures, before and after the cold air moves south? 

o       This is a north-south section of a wave pattern in the westerly winds. Based on our models 
of geostrophic adjustment with a single fluid layer, what would the horizontal length scale of 
those ‘’jet stream’ waves be, to maximize the conversion of PE to the KE we see here? (in terms 
of parameters like f, H, g, Δρ/ρ)?  
o  If potential vorticity is conserved following a fluid particle,  and potential energy is reduced to   

      create kinetic energy what likely changed in these three quantities, and in which sense  
      (+ or -)?  The figure below suggests how a meridional section of the cold air outbreak might   
      develop with time. It is idealized as two layers of constant density with rigid top and bottom 
      boundaries.  (Show the signs of the changes in f, ζ and h in various parts of the diagram.)   How  
      does the center of mass of the fluid move with time? 
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Equations of motion: 
Equations: 1-layer, uniform density ρ=constant, linearized:  
MOM:  ut - fv = -gηx; vt + fu = -gηy    
MASS  (incompressible fluid) , ηt = -H0(ux+vy) 
ENERGY (mechanical, 1-layer, uniform density) 

  
 geopotential Φ= gz;  Rossby deformation radius Rd = c/f where c = horizontal phase speed of long, 
hydrostatic gravity waves without rotation (in 1-layer fluid or for an appropriate vertical mode for 
internal gravity waves in a stratified fluid).  
 Potential vorticity:  for a one-layer, uniform density fluid,  q = ζ/H0 -fη/H0

2  (linearized) or 
 q = (ζ + f)/h (exact for 1-layer fluid or for an interior layer of a stratified fluid) where h= H0+η. 
Here ζ=vertical vorticity, H0 = mean depth, η=fluid surface elevation. 
Specific heat capacity: ideal gas (diatomic air): Cp = (7/2)R ~ 1005 Joules kg-1 k-1 , Cv = (5/2/R ~ 717  
Joules kg-1 k-1.   Water: Cp ≈4000 Joules kg-1 k-1.  Latent heat of evaporation/condensation: 2.5 x 106 Joules 
kg-1.   

 1st law of thermodynamics:  dE = d’Q - pdvs  where E=CvT,   d’Q = heating input,       vs = specific 
volume, 1/ρ. 
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