
THE PENUMBRA OR A SOLAR ECLIPSE FROM THE SURFACE OF THE MOON 


The penumbral phase of a lunar eclipse is not very spectacular since the brightness of the surface of the moon is scarcely dimmed  except near the shade. However we can get quite a lot of information when it is duly analysed.

What happens during the penumbral phase? 
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This scheme, where neither the sizes nor the distances among the different bodies taking part are represented, shows the geometry of a lunar eclipse. The Earth projects backward a cone of shadow and a penumbra one. In the terrestrial penumbra, as seen in A, the Earth hides partially the sun, and so from the moon a partial eclipse of the sun takes place. However, the portion of the solar disk hidden by the Earth will depend on how near the moon the cone of terrestrial shadow is. To make clear what happens let’s see the next figure:
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When the penumbral eclipse takes place, before our satellite enters the shadow of the Earth, the phases of the partial eclipse of the sun seen from the moon depend on the position we consider on the moon surface. In the picture, the moon is crossing the terrestrial penumbra and we can choose three situations to see what happens from the moon, disregarding the refraction effects of the terrestrial atmosphere which are important and complex. The point  a over the surface of the moon hasn’t entered the penumbra yet, meaning that the total eclipse hasn’t started yet at that point. In point b the solar eclipse has already started but as it is near the edge of the penumbra, the portion of the solar disk now eclipsed is still small. Meanwhile in point c , much closer to the terrestrial shadow, the solar eclipse is at a further advanced stage and the portion of the disk hidden by the Earth is much more important.
As the fraction of the hidden solar disk is not important till a very advanced stage of the penumbral eclipse, the penumbra is very bright and most of the solar disk is almost imperceptible. Nevertheless, analysing the CCD images obtained in blue light from the Observatory Esteve Duran, the place where the moon starts can be appreciated.
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	The picture above shows the moon as it was seen during the penumbral phase of the total eclipse on January 21st  2000 in blue light at 2h 48m TU. Apart from the darkening over the west limb, most of the penumbra is imperceptible.


Photometry of the penumbral phase
We can use the moon itself as a projection screen and measure the fraction of solar light intensity arriving at the surface. The processed image shows clearly (marked in red) the limits of the penumbra,. The Mare Crisium  marked as “MC”, hasn’t entered yet in the terrestrial penumbra.
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As it has already been commented, the analysis of the profile of the terrestrial penumbra is very complex due to the effects of refraction of the atmosphere, however , the size of the penumbra, for instance, can be deduced in lunar diameters as the graph on the right shows in the yellow shadow. From this graph we can get that the penumbra, at the distance projected on the moon, has an approximate size of 1.o44 lunar diameters. This result simply reports that the apparent size  of the moon and the sun are virtually identical (something we already knew) and that when the lunar eclipse, our satellite showed an apparent size slightly bigger than the sun. Checking ephemeris  we obtain that in fact the relationship between the apparent size of the moon and the sun during last January 21st  was exactly 1.034, a value very close to the one observed.  It seems absolutely incredible that using photometric measuring techniques the characteristics of the penumbra can be determined with such an accuracy.
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In order to understand the previous comments we only need to see the following scheme, and verify that the apparent size of the penumbral zone is, with a sharp approximation, similar to the apparent size of the sun; so if the penumbra and the moon present almost the same angular size it implies that the moon and the sun present almost similar apparent sizes.  This idea was formulated in the antiquity by the Greek astronomer Hiparco to base, from the observation of lunar eclipses, the determination of the distance to the moon and its size.



Copyright Observatori Esteve Duran. It is forbidden to reproduce or use any of the images, pictures or texts in these pages without an authorization of  Fundació Observatori Esteve Duran.

