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Following Acheson, let’s write the flow velocity as u = (u
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) and ⌦=(0,0,⌦). The
steady, inviscid flow satisfies
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The third equation says that the pressure is independent of z. Hence, the first two equations
say that u

I

and v

I

are independent of z. Then the last equation says that w
I

is independent
of z. Thus, the entire fluid velocity is independent of z ! This result, which is remarkable,
is called the Taylor-Proudman theorem. Proudman discovered the theorem, but Taylor
discovered what is perhaps its most remarkable consequence.

22.3 Taylor Columns

In his paper “Experiments on the motion of solid bodies in rotating fluids”, Taylor posed
the simple question: given the above fact that slow steady motions of a rotating liquid must
be two-dimensional, what happens if one attempts to make a three dimensional motion
by, for example, pushing a three dimensional object through the flow with a small uniform
velocity? At the beginning of his paper he points out three possibilities:

1. The motion in the liquid is never steady.

2. The motion is steady, but our assumption that u

I

is small relative to the rotation
velocity breaks down near the object.

3. The motion is steady and two dimensional.

He remarks that the first possibility is unlikely, since it must settle down eventually ! The
realistic possibilities are (2) and (3). His paper, which can be downloaded from the course
page, demonstrates that actually what happens is possibility (3). This is really rather
remarkable (as Taylor notes) because there is only one way that it can really happen: An
entire column of fluid must move atop the object.

22.4 More on rotating flows

Above, we wrote the equations of a rotating fluid assuming that the rotation frequency
dominated the characteristic hydrodynamic flows in the problem. In other words, if ⌦
is the characteristic rotation frequency, L is a horizontal lengthscale, and U is a typical
velocity in the rotating frame, we assumed that

Ro =
U

⌦L
⌧ 1. (5)
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A rotating fluid has a specific kind of rigidity, it does not quite act like a fluid anymore
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Wind-driven circulation



Atmospheric general circulation



Hadley circulation


