
GFD Homework 1: all about Coriolis
DUE 29 Jan at the start of class

General comments: Feel free to work together in groups, but please write up your own work. If
you have a question or need a hint, make an appointment to come see me. If there are lots of you
with questions, I might try to schedule a particular set of office hours in which we can all discuss
things. I can also hold an office hour to go over the solutions later if there’s interest.

1. I hear there are video games in which your success depends on full inclusion of the Coriolis
force. Let’s consider what level of accuracy we’re talking about here. The longest sniper shot
on record is roughly 2500 m, which took about 3 seconds. Determine the associated lateral
deflection if this were done at Scripps (32◦52’ N, 117◦15.4’ W). Is the voiceover urging you to
not neglect the Coriolis force correct? What would be the lateral deflection the University of
Alaska (64.82◦N) or the Central University of Ecuador (0◦ 15’ S)?

2. Foucault. In class we went through an ‘intuition building’ example of why inertial motions
near the pole go around twice a day, with twice the earth’s rotation rate (because the earth
moves around to catch up with you half-way through, essentially). At lower latitudes it’s a bit
more complicated because you only feel a percentage of the full rotation rate, the part that’s
perpendicular to your local tangent plane. This is a fine thing to derive mathematically, but a
much harder one to develop intuition for. Another thing that feels that same reference frame is
the Foucault pendulum. There are lots of online articles that explain how its precession works,
in various geometrical ways, some of which might speak to you more than others. Spend a bit of
time researching this, and write me a paragraph explaining your newfound physical intuition
as to what crazy not-really-inertial reference frame Foucault pendulums (pendula?) live in
such that they rotate at their latitudinally appropriate percentage of earth’s full rotation rate.
Cite your references. (ps - if you’re interested check out the one in the lobby of the Natural
History museum in balboa park).

3. Consider a steady wind stress imposed by a mesoscale cyclonic atmospheric storm given by

~τ = [τx, τy]

τx = −y A e−(r/λ)2

τy = xAe−(r/λ)2

where r2 = x2 + y2, and A and λ are constants.

(a) Sketch the wind stress on the ocean surface as seen from above.

(b) Calculate and sketch the Ekman transport (you can use either Cartesian or cylindrical
coordinates, whatever you prefer)

(c) Calculate the vertical Ekman pumping velocity, wE , that results from convergences or
divergences in the Ekman transport

(d) At what value of r is there maximum upward wE? How about maximum downward wE?
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4. In class we derived the oceanic response to a constant wind stress. Now we’d like to expand
that analysis to the more realistic case of a time-varying wind stress. Let’s start with the
vertically averaged equations,

dū

dt
= fv̄ +

τx(t)

ρ0H
(1)

dv̄

dt
= −fū+

τy(t)

ρ0H
(2)

where (ū, v̄) are the vertically averaged eastward and northward velocities and H is the vertical
extent of the layer you’ve averaged over. Start by using complex velocity and defining the
velocity as the sum of inertial and Ekman parts:

ũ = ũE + ũI

Now we’re going to say that the Ekman transport, uE , has the same form as the steady state
solution we derived in class, but we’re now allowing the wind stress to vary in time. So we get
something like this

ũE =
−i ˜τ(t)

ρ0fH

Note that this is physically a bit funny, since it takes a finite period of time for the Ekman
spiral and transport to be set up. But take it as a mathematical decomposition and bear with
me for a moment.

(a) Plug this decomposition for total ũ into the governing equations (1-2 above) and rearrange

to get an equation for the time evolution of the inertial response, dũI(t)
dt = ....

(b) Imagine an impulsive wind stress that imparts some initial velocity, ũI0. Write an equa-
tion for the velocity as a function of time after the wind becomes steady (dτ/dt = 0).
For a typical |ũI0| = 5 cm/s, integrate to find the radii of inertial circles at 1 and 60
degrees latitude - how far does a parcel move?

(c) Now bring back a time-dependent wind stress. In particular, consider a quasi-pathological
case where the wind stress is rotating as τ̃ = τ0e

−ift. Assume the inertial response
can be written as the product of a slowly varying amplitude and an inertial term, e.g.
ũI = A(t)e−ift. Plugging this into your answer to part (a), what’s the equation for the
(slow) evolution of A(t)?

(d) After 3 days, what is a typical magnitude of the inertial current compared to the Ekman
current? (for typical parameters use τ0 = 0.1Nm−2, ρ0 = 1025kg m−3 , f = 10−4 s−1,H = 50m).

5. Lenn and Chereskin paper: As with all the papers we’ll read in this class, the goal is to start
getting familiar with how people approach active areas of research and how messy the real
ocean an atmosphere can be, compared to the simple equations we study in class. To that
end, try to get the overall gist of the paper without worrying excessively about details or
terminology you don’t understand. That being said, if you’d like to come by to ask questions
about things you’re not familiar with or are interested in, stop by anytime. To help focus
your reading, please turn in relatively brief (∼ 1−2 paragraphs each) answers to the following
questions.

(a) Discuss some of the difficulties in observing an Ekman spiral in the real world.
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(b) Describe some of the ways the Ekman flow observed here differs from what you’d expect
from the equations we derived in class, and comment on why that might be.

(c) Suggest some methods (either further observations, numerical simulations or theoretical
work, depending on what you’re personally interested in) that you might use to answer
some of the open questions presented here.
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