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In the angle-action variables of the unperturbed system, this Hamiltonian is
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The first-order correction to the Hamiltonian in the angle-action variables
(¢,J) of the perturbed system is just the mean value of the perturbation
taken over an unperturbed orchit:
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where we have used & definite integral given in the Handbook. (IF2J 2> 1 the
integral does not exist and neither does the perturbation expansion.)

for 27 <1,

The new and old angle-action variables are related by & generator Gig, J),
defined in Uit 8 Section 8.4, Bquation 8.56. Por this problem we have
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This last equation for (7 can be integrated using an intepral in the Handbook;
we obtain
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Question &

(a)

(k)

The Hamiltonian of the syslem is
H{g,p] = i_pi -+ %wiqi.

Since the phase curves are contours of the Hamiltonian, and since the equation
H{grp} = & is that of an ellipse, it follows that the phase curves are elliptical.
The curve of energy B crosses the g-axs at ¢* = 2E/w? and the p-axis at
p* = 2E, so the area of the ellipse is A(F) = 2rE/w. Since the action is
defined by the relation I{£) = A{E) /27 (Unit T Subsection 7.3.2), this gives
HE) = Efw. Thus it follows that the ellipse with action I crosses the g- and
r-axes at m and I iw respachively.

The maximum amplitude of the motion 15 Just the value of g a2t which the
cllipse crosses the g-axis,

max(q) = /27 fw. 2]
The maximum kinstic energy, T, is al the point where the potential energy,
Vigl= %miq"a. 15 gero, that 15, whers Lthe ellipse crossss the p-axis:

max(p) = V2w s mex{T)= E=wl (3)
If = changes wery little over the time 2Zxfw, that ts, over one unpesturbed pe-

riod of the motion, and changes by a gquantity of order unity in & time £,
where ¢ is & small quantaty, then over the time interval (@, 27 1) the mean value



