Lab 9.
Central Orbits.

If we make some simplifying assumptionsit can be shown that, relative to the sun, the
orbits of the planets and some comets are ellipses. The equations of those ellipses can be
written in polar form as,
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In thisformula e isthe eccentricity and a isthe semimajor axis of the ellipse. The
eccentricity isanumber between O and 1. If itisO thenthe orbitisacircle. If itiscloseto 1
the orbit isalong stretched out ellipse. The eccentricity of the earth’ s orbit around the sun
is0.017, while, for example the eccenticity of Halley’s comet is 0.969. Thusthe earth’s
orbit isvery nealy circular, while the orbit of Halley’s comet isalong skinny ellipse. If we

measure distances in astronomical units (one AU is 10 m) and timein years then the
period of the orbit T isrelated to the semimajor axis by the formula,
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ThisisKepler'sthird law.
The earth’s semimgjor axisisvery nearly 1 and the period of Halley’s comet is 76.03
years.

(a) Use thisinformation to simultaneoudly plot the orbits of the earth and Halley’ s comet.
Make sure you constrain you plot.

(b) Determine how long Halley’ s comet is within the earth’ s orbit. To do thisfirst compute

the angular momentum h,
h= 2rt1/a(1— e?).

Then use Kepler’'s second law which says that the radius vector sweeps out equal areasin
equal times. In other words the time taken to go from one point in the orbit to asecond is
proportional to the area swept out by the radius vector in moving from the first point to the
second, in fact,

t=Area x2/ h.
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Finally the areatraced out by aradius vector is EJ; r2de.

Evauate thisintegral by the trapezoid rule with 50 subintervals, that is take the average of
the leftsum and the rightsum.



