Practical  work in astronomy

HOW TO MESURE THE RADIUS OF THE MOON

BY OBSERVING  A LUNAR ECLIPSE

I) Introduction :

Among the phenomena due to the movements of the Earth, the moon  and the sun, eclipses are the most interesting to see.

The word “eclipse” derives from the Latin “eclipsis” which means “to lack” or “to  conceal” and it refers to a temporary, total or partial, disappearance.

In the case of the Earth, the moon and the sun there are two  kinds: eclipse of the sun, consisting of the darkening of the sun when seen from the Earth; and eclipse of the moon which is the darkening of the moon when seen from the Earth.

Eclipse of the moon
When the Earth is illuminated by the sun, it projects an elongated cone shaped shadow  to the space. At any point of this cone, the light of the sun is completely dark. Surrounding this cone of shadow, called “umbra”, there is an area of partial shadow called “penumbra”. A lunar eclipse only occurs in full moon and is seen, at the same time, in all the terrestrial hemisphere where it is night.

For a lunar eclipse to happen, it is indispensable firstly that the cone of shadow projected by the Earth reaches the moon; that is to say, its length must be longer than the distance between the Earth and the moon. Secondly it is necessary that the diameter of the shadow, at the distance of the satellite, is longer than its apparent diameter. 

Method

We’ll try to determine the absolute size of the moon comparing to the Earth known from Erastótenes. The method we are going to follow is the one used by Aristarco.

Aristarco found that the proportion of the times passed between positions (1) and (3) was a bit more than double than the ones between positions (1) and (2)  (see the next figure)
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Figure 1: The moon crossing the cone of shadow of the Earth





t13 = n t12   being n a bit bigger than  2    (a) 

As the moon moves at a constant speed, the proportion of the times is the same as the proportion of the distances covered: rC (radius of the cone of shadow) and rL (radius of the moon)






rC =  n rL       (b)  

To calculate the radius of the moon according to the radius of the Earth ( rT ), Aristarco suggested to determine the factor  n from the data observable during a lunar eclipse and calculate the  rC according to rT .

Now two methods to calculate rC are suggested:

1st   Method:
It is an approximation based on the following assumption. Being the sun at a longer distance than that between the Earth and the moon and knowing that an eclipse of the Sun is always seen from a very small area on the Earth, this means that at a distance d TL (distance Earth-Moon) the cone of shadow of the moon narrows till it becomes almost a point. Therefore in a lunar eclipse, the radius of the shadow of the Earth will also make narrower  r L.

So we get that :   rC  ≈  rT – rL      (            r L = r T  / n + 1          (c) 

2nd  Method:

Aristarco solved the calculation of  rC  by trigonometric method and he came to the following conclusion [image: image2.jpg]








Figure 2:  The shaded triangles are similar
 





  rL = rT (  1+ sen ( ) / n + 1    (d)

 Being  (  the angle resulting from the position of the Earth and the moon, seen from the sun when the moon is in a first quarter or last quarter phase and whose value is  (1/6)º.

MATERIALS

To do this exercise we need:

1º)- A photograph of a lunar eclipse. The eclipse of January 21st  2000 , allows to distinguish the limits of the shadow and the moon.

2º) – A slide (transparency) with concentric equidistant circles.
3º) – A calculator. 

II) Procedure:

To measure the diameter of the moon and the one of the shadow of the Earth  you place the transparency on top of the image of the lunar eclipse given.

The measurements must be performed with great accuracy.

Conclusion

Diameter of the moon :
circle 8  (  rL =  4cm

Diameter of the shadow of the Earth :
circle 21  ( rC =  10,5 cm
So the relationship between the radiuses allows us to calculate factor n  and is worth :

n=  rC /  rL  =  10,5 / 4 = 2,625 .

This means that the radius of the shadow of the Earth is 2,625 times bigger than the radius of the moon.

And to calculate the radius of the moon both the 1st or 2nd approximation can be used.

Result:

As the radius of the Earth is  6370 km, and applying the relationship of the 1st approximation the radius of the moon turns out to be:

  

rL ≈  1757  km







