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Let o bethedensity of afluid. Write down equations for Eulerian

and Lagrangian conservation of density and explain the physical
meaning of the equations. [8 marks]

The equation for hydrostatic balance is given by

0
D =-rg. (1.1)

z
Show that if the temperature does not vary with height, the density
profilefor air is of theform p = p,exp(-z/ H), where p, isa
reference density, and H is to be found. (Y ou may find it helpful to
usetheideal gaslaw, p=pRT.) [8 marks]

Suppose air isinitially at rest in a state of hydrostatic balance. A
small parcel of fluid is displaced upwards by an amount &zwithout
altering the overal pressure field. Show that, if the density of the
parcel is conserved, the upward force per unit volume on the parcel
will be approximately,

F~ ga—pé Z. (1.2
0z
[10 marks]
Write down an equation of motion for the air parcel from part (c),
using Newton’s second law. Solve the equation of motion, using

the density profile you derived in part (b) and give a physical
interpretation of your solution. [14 marks]

How would your solution to part (d) changeif instead of using the
density profile from part (b), you used a density profile such that

(2_,0 >07? What does thisimply physically? [10 marks]
z
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The momentum equation for flow of afluid relative to a co-ordinate
frame rotating with uniform angular velocity Q may be written:

bu_ 20 AU -QA(QAT) +g —EVp
Dt Yo,
(A) (B) € (D)
Briefly describe the process represented by each of theterms A, B,
C, D inthisequation. [12 marks]

A parcel of ocean-water at alatitude of 50°N moves parallel to the
Earth’s surface at 0.5 m s* from west to east. Write expressions for
the west-east, south-north and vertical components of term (A).
Estimate values for each of these components for the parcel, which
you may assume has amass of 1 kg. [12 marks]

Now suppose that the flow is slow, incompressible, inviscid and
homogeneous. Starting from the full momentum equation givenin
part (a) show that

(Q+V)u =0 (2.1)

Describe any approximations that you make.

(Y ou may wish to make use of the vector identity
VA(AAB)=(BV)A-B(V.A)-(AV)B+A(V.B))
[16 marks]

Explain the consequences of equation (2.1) for flow in arotating
tank, where the rotation axisis parallel to the z-axis. [10 marks]

Turn over
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A wave disturbance of the atmosphereis of the form
o(X,y,t) = Re[‘Pexp{i(kay—a)t)}]. (2.2)

Sketch the form of the disturbance at t = 0 in the x-y plane. Mark
the crests of the waves and wave-vector, (k, )" clearly on your
diagram. [10 marks]

The barotropic vorticity equation on amidlatitude £ -planeisgiven
by

0 o2 2 oy _

SV + 3wV )+ p— =0, (23)

where v isastreamfunction and

v v
wa%hawz awz. 2
&VH 4 @VH 4 '
Show that the dispersion relationship for Rossby wavesis
a)=Uk—(k2ﬂ—flz), (2.5)

where U is constant, zonal flow and k and | are the wave numbers
in the zonal and meridional directions respectively. Describe any
approximations you make. [15 marks]

Calculate the phase-speed of the waves in the x-direction, and hence
give the value of for K* = k* +1> when the West-East component of
the Rossby-wave disturbance is stationary relative to the earth’s

surface. [10 marks]

Calculate the group velocity of the stationary waves and give a
physical interpretation of your answer. [15 marks]

(End of Question Paper)



