
Physics 106b
Problem Set 4 Solutions





Solutions to problems 1 and 2

∗ Use Energy = 1ê 12 to find the initial value x'@0D : ∗

N@H1ê6 − H.05L^2 − H.1L^2 − H.2L^2 − 2 ∗H.1L^2 ∗H−0.2L + 2 ∗H−0.2L^3ê3L^.5, 10D

0.335907

∗ For specified initial data,
solve coupled second − order differential equations for x@tD and y@tD : ∗

NDSolve@8x''@tD m −x@tD − 2 x@tD∗ y@tD, y''@tD == −y@tD − x@tD^2 + y@tD^2, x@0D m −0.1,
y@0D m −0.2, x'@0D m 0.3359067330872266`, y'@0D m −0.05<, 8x, y<, 8t, 0, 1000<D

88x → InterpolatingFunction@880., 1000.<<, <>D,
y → InterpolatingFunction@880., 1000.<<, <>D<<

∗ Plot for t between 0 and 400. Note that motion is regular : ∗

Plot@Evaluate@y@tD ê. %3D, 8t, 0, 400<, PlotPoints → 1000, ImageSize → 8600, 400<D;
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Plot@Evaluate@x@tD ê. %3D, 8t, 0, 400<, PlotPoints → 1000, ImageSize → 8600, 400<D;
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∗ Plot the Poincare section. Points lie on invariant curves : ∗
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ParametricPlot3D@Evaluate@8x@tD, y@tD, y'@tD< ê. %3D, 8t, 0, 1000<, PlotPoints → 4000,
PlotRange → 880, 0.001<, 8−.4, .5<, 8−.5, .5<<, ViewPoint −> 81, 0, 0<,
AxesLabel → 8" ", "y", "y'"<, Ticks → 88 <, 8−.3, 0, .3<, 8−.3, 0, .3<<,
TextStyle → 8FontFamily −> "Times", FontSize → 16<, ImageSize → 8500, 500<D;
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∗ Use Energy = 1ê 8 to find the initial value x'@0D : ∗

N@H.25 − H.05L^2 − H.1L^2 − H.2L^2 − 2 ∗H.1L^2 ∗H−0.2L + 2 ∗H−0.2L^3ê3L^.5, 40D

0.442907

∗ For specified initial data,
solve coupled second − order differential equations for x@tD and y@tD : ∗
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NDSolve@8x''@tD m −x@tD − 2 x@tD∗ y@tD, y''@tD == −y@tD − x@tD^2 + y@tD^2, x@0D m −0.1,
y@0D m −0.2, x'@0D m 0.4429070632386287`, y'@0D m −0.05<, 8x, y<, 8t, 0, 1000<D

88x → InterpolatingFunction@880., 1000.<<, <>D,
y → InterpolatingFunction@880., 1000.<<, <>D<<

∗ Plot for t between 0 and 400. Note that motion is irregular : ∗

Plot@Evaluate@y@tD ê. %14D, 8t, 0, 400<, PlotPoints → 1000, ImageSize → 8600, 400<D;
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Plot@Evaluate@x@tD ê. %14D, 8t, 0, 400<, PlotPoints → 1000, ImageSize → 8600, 400<D;
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∗ Plot the Poincare section. Points do not lie
on invariant curves Hinvariant tori have been destroyedL : ∗
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ParametricPlot3D@Evaluate@8x@tD, y@tD, y'@tD< ê. %8D, 8t, 0, 1000<, PlotPoints → 4000,
PlotRange → 880, 0.001<, 8−.6, .8<, 8−.6, .6<<, ViewPoint −> 81, 0, 0<,
AxesLabel → 8" ", "y", "y'"<, Ticks → 88 <, 8−.3, 0, .3<, 8−.3, 0, .3<<,
TextStyle → 8FontFamily −> "Times", FontSize → 16<, ImageSize → 8500, 500<D;
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