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m Elliptical Orbits in a Gravitational Field

Cl ear ["d obal " *" 1;

m Definetheorbital constants and setup theinitial conditions. rO isthe radius of the circular

orbit. Thisorbit hasw0 = \] GM/ r0® from equating the gravitational and the centrifugal
accelerations. (Note that setting GM =r0® gives w0 = 1.) For an élliptical orbit the angular
velocity isgiven as w0 + dw at the apogee/perigee wherer[t] = r0, and the angular momentum
L iscalculated at this point.

val ={r0A£ 10, dw £ .1, GM £1000, mA1};

init = {r[01ar0, r' [0]1&0, q[0] &Pi};

L = mr0? (\/(’;‘I\/I/ro3 + dw];

m Definethe equations of motion: 1st isthetime derivative of the total energy* which iszero, and
2nd isjust ang. momentum conservation. Numerically solvefor r and 6 over time range of
several revolutions.

* NOte that the %C()nd term in the k|net|C energy7 AWMW, can be I’eWritten as ikt
Also the energy time derivative equation has a common factor r'[t] divided out.

AMAAAAAMAMAAKAMAL  — - AMAAALAAAALAA a o, mr[t]q'[t]aL} /7 Sinplify;
2mr[t]% r[t]
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dsol =NDSol ve[Join[eq, init] /. val, {r[t], q[t]},
{t, 0, 25}11[[1]11;

s Makeaplot of theelliptical (red) and circular (blue) orbits, which have the same angular
momentum but different energies. Note that the orbits close after onerevolution.

ParanetricPl ot [
Evaluate[{{r [t]1 Cos[q[t]], r[t]1Sin[qg[t]]} /. dsol, {rOCos[t], rOSin[t]} /. val}],
{t, 0, 25}, PlotStyle £ {RGCol or [1, 0, 0], RGCol or [0, 0, 1]}, AspectRati o £ Autonmatic];




