OK., in the last session, we finally arrived at an equation for the elleipse m polar coordinates.

The axes were chose so that one of the focal points of the ellipse is on the origin,_ the major axis of the ellipse
1s on the x axisas-osrthe other focal point i1s on the negative part of the x axis:
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1: The nearest point to the origin. For the sun at the origin, \ ___ e

this point 1s called the perthelion.
=Q((re)

2: The farthest point to the onigin. For the sun at the ongin,
this point 1s called the aphelion.

If the origin 1s oocupied by the earth (for example the elleipse is the orbit of the rﬁnogo d IE! earth,

the points are called perigee and apofice, respectively. — l‘ l
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According to Kepler's first law, the orbit of a planet around the sun 1s an elleipse,
the equation of which was obtained (in terms of the polar coordinates).

What does this empirical law tell about the force between the sun and the planet?
Newmn}econd law states that the equation of motion for the planet 1s this.
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One has to express the radial and azimuthal components od the acceleration in terms of
the coordinates and their derivatives.
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The acceleratin is the second denvative of the position:
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Expressing the Cartesian coordinates in terms of the polar coordinates,
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This the acceleration in terms of the polar coordinates and their derivatives, but Cartesian unit vectors.
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These equations conta.ini information about the shape of the orbit,

and also on how the planet moves on the orbit: the time dependences of rho and phi.
In order to obtain an equation for the shape (only), one has to eliminate the time,

so that a relation between rho and phi 1s found.

Before that {(elimimnating the tume), let's recall the second law of Kepler.

This surface area is a function of time that its dertvative
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Let's express this surface area in terms of the polar coordinates.



%C? What is the surface area of the shaded region?

The shaded region i1s approxmmately an 1sosceles tnangle.
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What happens if alpha i1s small?
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The surface the area of which is to be calculated, i1s a region bounded between the orbit and two rays:
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Kepler's second law: [{dS)/ (dt)] is a constant. It doesn't say that [éj /(d phi)] 1s a constant.

One can use the chain rule to express [(ds) / (dt)] in terms of [(dS) / {d ph1)]:
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New ton's second lows Keplevs secand
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If an orbit 1s just rotated (in the same plane around the sun) another acceptable orbit 1s obtamned.

This can be seen, for examplefrom Kepler's third law.

This symmetry means that if the position 1s rotated, the force 1s rotated by the same rotation as well.
This is why the radial component of the force doesn't depend on phi.
5o finally,
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