Problem set 4: GEF4500: Due: 22 Nov., 2010

Problem 1 Closed basin

Consider a circular basin, centered(aty) = (0,0). The wind stress is given by
7 = Aysin(3t) i. Find an expression for the mean velocity at a radusNhat is the
mean velocity in the limit of weak bottom friction — 0? Explain the sense of the flow
in relation to the surface Ekman transport.

Problem 2 Barotropic instability

We have a region with < x < 1 and—1 < y < 1. Consider the following velocity
profiles:

a)U =1—1?

b) U = exp(—y?)
c) U = sin(my)
d)U =5y’ + 3y

Which profiles are unstable by the Rayleigh-Kuo criteriog # 0? Which profile is
stable by the Fjgrtoft criterion? How large musbe to stabilizeall the profiles? Note
that the terms here have been non-dimensionalized, s@ ttet be any number (e.g. an
integer).

Problem 3 Mountain waves (Holton, 12.3)

Suppose that a stationary linear Rossby wave is forced bydi@w sinusoidal topo-
graphy with height.(z) = hg cos(kx). Show that the lower boundary condition on the
streamfunction can be expressed as:

0 hN?

) = — 1
27 T (1)

Using this, and an appropriate upper boundary conditiolvesior ¢ (z, z) in the case

|m| > (1/2H). How does the position of the trough (low crest) relativehite mountain
ridge depend on the sign of? in this limit?




