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1. Linear Secular Theory for Two Massive Planets

The secular interaction energy between two planets is
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where the outer planet’s properties are primed, and the disturbing function is, to second
order in e and s = sin(i/2) (Murray & Dermott):
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For the approx, we use small «, where
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The equations of motion are Hamilton’s equations for the canonical variables
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Or, defining the complex variables

2, = VTe™ (15)
zs = VAe ™ (16)



the equations of motion are
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and similarly for zs, 2/, z5. To linear order,
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and hence
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Therefore the equation of motion is
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