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Oceanic and Atmospheric Dynamics     
Lab:  Taylor Columns 
Taylor made an important discovery, one of many concerning geophysical fluid dynamics.  Through a classical experiment which we will see today, he discovered that an important property of geostrophic motion is that if the fluid is homogeneous

then, the geostrophic flow is two dimensional and does not vary in the direction of the rotation vector, 
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.   This is known as the Taylor-Proudman theorem (figure 1.)
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Figure 1.  The Taylor-Proudman theorem states that slow, steady, frictionless flow of a barotropic, incompressible fluid is 2-dimensional and does not vary in the direction of the rotation vector Ω.
Consider flow to be sufficiently slow and steady (i.e. Rossby number << 1) and frictional forces are negligible, then the momentum equation in a rotating frame of reference can be written:
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Where, 
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 is the rotation of the tank, 
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 is the flow field vector, p is the pressure and φ is the gravitational potential (modified by centrifugal accelerations).  In Equation (1), density is assumed to be constant but can also be considered barotropic.
A result called the Taylor-Proudman Theorem (T-P) shows that there is no flow along the axis of rotation. Mathematically speaking:
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T-P theorem shows us that, under the conditions of a slow, frictionless barotropic flow, that both horizontal and vertical components of the velocity 
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 cannot vary along the direction of the rotation vector 
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.  In other words the flow is two--dimensional, as sketched in Fig.1. Thus, vertical columns of fluid remain vertical --- they cannot be tilted over or stretched: we say that the fluid is made `stiff' in the direction of 
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. The columns are called `Taylor Columns' after G.I. Taylor who first demonstrated them experimentally.
Experimental Set up:

Fill the tank up with water to mid-depth. An obstacle whose height is a small fraction of the fluid depth (a hockey puck is perfect) is placed on the base of the tank of water. The whole arrangement is then spun up and left until it comes into solid body rotation. Top and side views of the arrangement are shown in Fig.2.
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Figure 2:  Side view of the T-P experiment.

Once you reach solid body rotation, slow down the tank by a small amount and wait until solid body rotation is again achieved.  During this transition add either the black paper dots (if available) or the dye and observe what happens.
Note that this is a tricky experiment and requires some practice and care for it to be successful every time. It is important to leave the apparatus for a long enough time that it comes in to true solid body rotation. It is also important to turn down the rate of rotation of the tank by only a tiny amount, so as to keep the implied Rossby number as small as possible. 
Guidance for write up – You need at least the following

1 – Starting from the geostrophic equations or equation (1) and assuming a constant density and rotational rate, derive the Taylor Proudman theorem – in particular how the geostrophic equations lead to equation (2).

2 – Describe the procedure of the experiment and your observations.

3 – Describe any issues that might impede successfully being able to observe perfect Taylor columns.
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