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b We have used the shallow fluid approximation to derive
the primitive Equations This approximation neglects changes in
relative to Re To be consistent with this approximation we

must do the same in defining M Thus we replace
r with re in the definition of M
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C Flow on Jupiter is not antisymmetric so tilde's theorem
does not apply

When eddies are considered the circulation is able to
transport angular momentum up the mean gradient accounting
for an equatorial jet

2 a RCE corresponds to a state in which convective
heating balances radiative cooling locally within each
column of the atmosphere

there is no large scale circulation



b RCE solution not valid because

It is unstable baroclinically barotropically symmetrically

It violates tilde's theorem

Boundary condition is not antisymmetric precluding
antisymmetric solution

c ROE Zonal velocity at tropopause
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d Solution isolates Hide's theorem if it produces a maximum of
angular momentum abovethe surface

Consider the angularmomentum at the tropopause ME

A sufficient condition for an angular momentum maximum above the
surface is it Milo rre forsome there are is the
angular momentum of the Earth at the Equator

1h particular if Ut 0 0 0 then Me 0 0 end and
Hide's theorem is violated
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a Angular momentum of the solid Earth
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Express in spherical coords assuming De_const
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b Angular momentum of atmosphere
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where we have used the thin shell approximation to write the
Jacobian rEos as Retosy and we have replaced the integral
in r by an integral in 2

Now by hydrostatic balance
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Integrating in time
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change in Earths angular momentum is
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and mass and radius of teeth do notchange
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Finally length of sidereal day T is given by
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Tropopause level (100 hPa) zonal wind non-dimensionalised by the absolute velocity of the 
surface of the Earth at the equator. Blue line shows RCE solution and red line shows angular-
momentum conserving solution.  
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