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1 The circular spots of light surrounding Lillian are "pinhole" images of the Sun, cast 
through small openings between leaves above. 2 The spots would no longer be full circles 
as the Moon progresses in front of the Sun. 3 The rendered photo at the right shows that 
the spots would be crescents during a partial solar eclipse. 

eing second best was not all that bad for 
Greek mathematician Eratosthenes of Cyrene 

(276-194 BC). He was nicknamed "beta'' by his contem­
poraries who judged him second best in many fields, 
including mathematics, philosophy, athletics, and astron­
omy. Perhaps he took second prizes in running or 
wrestling contests. He was one of the early librarians at the 
world's then greatest library, the Mouseion, in Alexandria, 
Egypt, founded by Ptolemy II Soter. Eratosthenes was one 
of the foremost scholars of his time and wrote on philo­
sophical, scientific, and literary matters. His reputation 
among his contemporaries was immense Archimedes 
dedicated a book to him. As a mathematician, he invented 
a method for finding prime numbers. As a geographer, he 
measured the tilt of Earth's axis with great accuracy and 
wrote Geography, the first book to give geography a mathe­
matical basis and to treat Earth as a globe divided by lati­
tudes and into frigid, temperate, and torrid zones. 

The classical works of Greek literature were pre­
served at the Mouseion, which was host to numerous 
scholars and contained hundreds of thousands of 
papyrus and vellum scrolls. But this human treasure 

wasn't appreciated by everybody. Much information in 
the Mouseion conflicted with cherished beliefs held by 
others. Threatened by its "heresies," the great library 
was burned and completely 
destroyed. Historians are unsure 
of the culprits who were likely 
guided by the certainty of their 
truths. Being absolutely certain, 
having absolutely no doubts, is 
certitude the root cause of 
much of the destruction, human 
and otherwise, in the centuries 
that followed. Eratosthenes did­
n't witness the destruction of his 
great library, for it occurred after 
his lifetime. 

Today Eratosthenes is most remembered for his 
amazing calculation of Earth's size, with remarkable 
accuracy (two thousand years ago with no computers, 
no artificial satellites using only good thinking, geom­
etry, and simple measurements). In this chapter you will 
see how he accomplished this. 
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Moon are both the same to the eye. They both taper the same angle (about O.SO). 
So, although the ratio of diameter to distance was known to the early Greeks, diam­
eter alone or distance alone would have to be determined by some other means. 
Aristarchus found a method for doing this. Here's what he did. 

Aristarchus watched for the phase of the Moon when it was exactly half full, with 
the Sun still visible in the sky. Then the sunlight must be falling on the Moon at 
right angles to his line of sight. This meant that the lines between Earth and the 
Moon, between Earth and the Sun, and between the Moon and the Sun form a 
right triangle (Figure 1.5). 
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A rule of trigonometry states that, if you know all the angles in a right triangle 
plus the length of any one of its sides, you can calculate the length of any other side. 
Aristarchus knew the distance from Earth to the Moon. At the time of the half 
Moon he also knew one of the angles, 90°. All he had to do was measure the second 
angle between the line of sight to the Moon and the line of sight to the Sun. Then 
the third angle, a very small one, is 180° minus the sum of the first two angles (the 
sum of the angles in any triangle = 180°). 

Measuring the angle between the lines of sight to the Moon and Sun is diffi­
cult to do without a modern transit. For one thing, both the Sun and Moon are 
not points, but are relatively big. Aristarchus had to sight on their centers 
(or either edge) and measure the angle between quite large, almost a right angle 
itselfl By modern-day standards, his measurement was very crude. He measured 
8r, while the true value was 89.8°. He figured the Sun to be about 20 times the 
Moon's distance, when in fact it is about 400 times as distant. So although his 
method was ingenious, his measurements were crude. Perhaps Aristarchus found 
it difficult to believe the Sun was so far away, and he erred on the nearer side. We 
don't know. 

Today we know the Sun to be an average of 150,000,000 kilometers away. It is 
somewhat closer to Earth in December (147,000,000 km), andsomewhat farther 
in June (152,000,000 km). 

SIZE OF THE SUN 
Once the distance to the Sun is known, the 1/110 ratio of diameter/distance enables 
a measurement of the Sun's diameter. Another way to measure the 1/110 ratio, 
besides the method of Figure 1.4, is to measure the diameter of the Sun's image cast 
through a pinhole opening. You should try this. Poke a hole in a sheet of opaque 
cardboard and let sunlight shine on it. The round image that is cast on a surface 
below is actually an image of the Sun. You'll see that the size of the image does not 
depend on the size of the pinhole, but, rather, on how far away the pinhole is from 
the image. Bigger holes make brighter images, not bigger ones. Of course, if the hole 
is very big, no image is formed. Careful measurement will show the ratio of image 
size to pinhole distance is 1/110 the same as the ratio of Sun diameter/Sun-Earth 
distance (Figure 1.6). 
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FIGUitE 1.5 

When the Moon appears exactly half 
full, the Sun, Moon, and Earth form 
a right triangle (not to scale). The 
hypotenuse is the Earth-Sun 
distance. By simple trigonometry, the 
hypotenuse of a right triangle can be 
found if you know the value of either 
nonright angle and the length of one 
side. The Earth- Moon distance is a 
known side. Measure angle X and 
you can calculate the Earth-Sun 
distance. 
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FIGURE 1.6 

The round spot of light cast by the 
pinhole is an image of the Sun. Its 
diameter/distance ratio is the same as 
the Sun diameter/Sun distance ratio, 
1/110. The Sun's diameter is 11110 
its distance from Earth. 


























