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	This model is slightly more complicated than the retrograde motion of Mars because we can no longer simply model objects as points: their size needs to be taken into account and hence we will model them as spheres.



	1.  Let’s start with an empty base plane.  Press CTRL, select each of the base vectors and the central point and press M to hide these (very often these turn out to be useful in unexpected ways – much better to hide them than delete them)
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	2.  Now use the Segment tool to create two points to be the centres of the Earth and the sun and also the line joining them. (We don’t need to use the Point tool separately to create the points first).
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	3.  Now use the Point tool to put a point on this segment to represent the radius of the Moon’s orbit about the Earth.
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	4.  Use the Circle tool to create a circle, in the base plane, centred on point E and through point r. This circle will represent the moon’s orbit.
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	5.  Let’s now use the Sphere tool to make spheres to represent the earth and the sun. Select point E and then a point on the plane:
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	Now select point S and a point on the plane.
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	6.  We will need to make the Moon slightly differently, as it needs to be able to move without its radius changing.

First, use the Segment tool to construct a segment to give the radius of the Moon.
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	7.  Now, select the Sphere tool and the new segment and then click to create a new point on the circle.
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	Type M to label this new point.  This is what you should have:
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	8.  You may now use the Styles panel to change the colours of the spheres and you may drag or animate point M to make the moon travel around the Earth.
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	9.  The next stage is to model the shadow of the Moon with a cone.  First join the centres of the sun and the moon with a line using the Line tool.
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	10.  Now use the Perpendicular tool to create lines perpendicular to the base plane through points M and S.
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	11.  Now use the Line tool to draw a line through the intersections of these spheres with the perpendicular lines
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	12.  The intersection of this line with the one through the centres of the spheres will be the vertex of the cone.  You may want to make the sun larger or the moon smaller to see this intersection on the screen, however.
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	13.  The intersection is now clearly visible.  Use the Point tool to put a point at the intersection.
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	14.  Let’s now use the Circle tool to make a base for the cone.
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	15.  Now let’s use the Cone tool to create a cone to represent the shadow.
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	Let’s use the Style panel to change the appearance of the cone:
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	16.  We can now drag M to see how the shadow behaves.  When M is directly between the earth and the sun, we can see that the cone intersects the earth: in the areas on the earth’s surface within the cone the moon will block completely any light from the sun.
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	17.  If you animate point M, you can watch the moon travel around in its orbit.  You can see that in this model a total solar eclipse will occur over a reasonably large area of the earth for several days each month – which is not the case.  There are a number of ways in which this model could be improved.  The first is to change the radii of earth, sun and moon and the relative distances apart.  This can be done by dragging appropriate points.

	18. Another factor which might be included in this model is the orbital inclination of the moon, using the same technique as was used to give the orbit of Mars an inclination.

	19.  As can be seen by the diagram below, the light rays used to limit the cone in the above model are not actually tangent to the spheres.  
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	How much would the model be improved by constructing two lines which are tangent to both spheres?

	20.  The model might also be extended to including not just the umbra, where the eclipse is total, but also the penumbra, where the eclipse is partial.
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