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Explain what is meant by an “inertial” frame of reference, and say
why arotating frame of reference is not an inertial frame of
reference.

[6 marks]

Show that the rate of change of avector V in an inertia frame of
reference isrelated to its rate of change in arotating frame of
reference by

dV _d.V

—A_ +Q AV (1.1)
dt dt

[ 12 marks]
Use this result to show that the acceleration of fluid in an absolute
frame of reference isrelated to its rate of changein arotating frame
of reference by

D,u
Dt

— DRUR
= o + 2QAU; + QA(QAT) (1.2)
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[ 12 marks]

A circular depression islocated at latitude 50°N. At a distance of
450 km from its centre, the wind blows steadily around the
depression, at 15 m s™. Estimate the magnitudes of terms A, B and
C in equation (1.2) above.

[10 marks]
Given your estimates, say why term (C) is often not explicitly seen

in the equations of fluid flow on arotating planet.
[10 marks]
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Starting from the horizontal component of the Euler equations of
motion,
bv =-2QAV-— 1Vp
Dt Yo,
deduce the magnitude of horizontal pressure fluctuations parallel to
the flow trgjectory using scale anaysis. State any assumptions you
make.

[ 12 marks]

The geostrophic velocity for an incompressible fluid on an f-plane
satisfies

1
Pofo
Show that thisflow is (horizontal) divergence free, and has no
vertical velocity.

ng

K AVP.

[ 8 marks]

Show that the typical magnitude of the ageostrophic component of
the flow velocity isU?/ fL, where U is the velocity scale for the full

horizontal velocity field.
[ 16 marks]

A Gulf Stream ring in the mid-latitude Atlantic has a radius of 75 km
and typical horizontal flow speeds of 0.2 m s*. Estimate the
magnitude of the vertical velocity arising from the ageostrophic flow
you would expect to be associated with the system.

[14 marks]

Turn over
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Write down the three components of vorticity in Cartesian
coordinates, in terms of velocity in aninertial (or absolute) frame.
[6 marks]

The vorticity equation for afluid may be written

0 X
6_§ = —(u.V)§+$+ (&V)u—g(Vu)

1) ) ©) 4)
Write brief notes on the physical processes represented by each of
the terms on the right hand side of this equation. When isterm (2)
zero? Give an example of ageophysical situation whereterm (2) is
important in changing the vorticity.

[12 marks]

Starting from the vorticity equation given in part(a), derive the
barotropic vorticity equation for the vertical component of relative
vorticity, &,

Dt oz’
State any assumptions or approximations that you use.
[14 marks]

Boundary Layer flow encounters a gently sloping hill. Describe the
pattern of vorticity you would expect to form in the vicinity of the
hill, and account for it in terms of processes represented by the
termsin the vorticity equation.

[18 marks]

(End of Question Paper)



