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Hamilton-Jacobi Perturbations

The development of Gauss’s perturbation equations, along with the fact that gravity is a conservative force,
leads us to consider whether we might be able to create an analogous description of perturbations based
on perturbing potentials. We have already seen, via the introduction of the disturbing function, that a
potential-based perturbation description is possible—now, we just need to variational equations for the
orbital elements that can exploit such descriptions. However, the most straight-forward way of deriving
these equations requires us to utilize multiple concepts from Hamiltonian mechanics, so we begin with a

review of Hamiltonian formalism and perturbation methods.



Newton — Euler-Lagrange
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Newton — Euler-Lagrange (continued)
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Euler-Lagrange — Hamilton
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® Generalized Newton’s 2nd law for conservative, holonomic systems:
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Canonical Transformations

N Qj — 0K NB: () is a new coordinate, not a generalized force.
Qj - Q](qapvt) 8P.7
P 2 Pi(a,p,) fpp — _ oK K(Q.P,t) = H(q(Q,P,t),p(Q,P,1),1)
e dF B
p4q—H=P Q- K+——>F:/ A = Pl — () =0
dt L dt
Generating Function Transformation Example
F—Fl(quvt) bi = an Pz— 8@1 =q Q Qz_pz Pz_ qi
OF: OF:
F=F(qP,t)-Q-P pi:(‘)qj Qz':a—Pj Fro=q-P Qi=q¢ P =p
B _ OF; __OF; o o .
F—Fg(p,Q,t)+Q'p qi = 3}%‘ Pz— 6@1 =Pp Q Qz_ PZ_ Di
F_F4(p,P,t)+q-p—Q-P qi = 8]71' Qz—aPZ F4—p P Q'L—pz Pz— qi




Hamilton-Jacobi
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Central Force Motion (2D)
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