Relative Size and Distance

Grade Level: Middle School

Of all the planets in our solar system, we are the only one that has a moon that “appears” to be the same size as the sun. Of course, this is just an illusion. The moon is many, many times smaller than the sun. But, the sun is also many, many times farther away from the Earth. Now the Earth’s orbit around the sun is almost, but not quite a perfect circle so the sun will appear slightly bigger and slightly smaller over the course of a year depending on where the Earth is in its orbit. It is actually closer to the sun when the northern hemisphere is in the dead of winter (go figure!). And, the moon’s orbit is also slightly elliptical so it will appear larger or smaller depending on where in its orbit it is. Using the tables below, can you convince yourself that the moon and sun are, in fact almost identical in apparent size in the sky? All diameters and distances are in km. Eccentricity is unitless.


Earth

Moon

     Sun

  Diameter

12,756 

3,476 


1,392,000 


   Orbital

0.0167


0.0549





Eccentricity


 Minimum




3.633 x 10**5

1.471 x 10**8 

  Distance

From Earth


 Maximum




4.055 x 10**5

1.521 x 10**8 

  Distance

From Earth

Now use the equation of eccentricity for an ellipse: e**2 = 1 – (b**2 / a**2) to calculate apogee and perigee for the moon and aphelion and perihelion for the Earth.

What is the minimum percentage of the sun that the moon can cover?

Under what conditions will the moon cover the entire sun?

