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Robinson (1989, Tellus)

An equation for the perturbation energy per
unit area is obtained from multiplying (1) by the
perturbation streamfunction, ¥, and integrating
over the mass of the domain,

S SELY W)
E=—(1/L) J f dydz @F, (5)
0 -Li2

where the energy, E, is given by,

® pL2
E=(1/L) J f dydzp/2[u® + 2 + ey?).  (6)
0 Y-

F 1s the mass weighted zonally averaged north-
ward flux of potential vorticity,

F=pog+d(z)poib,, (7)

where o is the delta function. Similarly, the
evolution of the perturbation potential enstrophy,
Q, per unit area at any level is obtained by
multiplying (1) by the eddy potential vorticity
and integrating,

L2

Q()=-0/L0) dyg, Flp, (8)
L2
where @ is given by,
L2

dyg?/2. (9)

— L2

Q=(1/L)

VUL POV &y & JI V& |
=p(z2)6(z — '), (11)

where K2 = k? + [2. Then the contribution to the

flux at z induced by potential vorticity at z’ is

given by,

AF(z,7) = p(2) G (z,2) q(2) g (2.

where

MryeJ Iy NNy & F

(12)

on

F(z) ='[ dz' AF(z,7).
]

The differential operator in (11) is self-adjoint,
so that,

p2)G(z,2) = p(2') G, (', ). (13)

Using the identity, a b = —ab_, then yields the
principal result,

AF(z,z')=—AF(Z, z). (14)

The northward flux of potential vorticity induced
at some level by potential vorticity at some other
level is equal and opposite to the flux at the latter
level induced by the potential vorticity at the
former level. More generally, this result holds for
the interaction between different latitudes as well
as different altitudes, and there is no requirement
that the disturbance be wavelike or that its



Robinson (1989, Tellus)
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Fig. 1. Amplitude, curve “A", and phase (in degrees), Fig. 2. As in Fig. 1, but for the potential vorticity.
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Robinson (1989, Tellus)
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