
Astronomy 100     Name(s): 
 

Exercise 4 : The history of  astronomy 
 
In the previous exercise, you saw how the passage of time is intimately related to 
the motion of celestial objects. This, of course, led many early peoples to the 
notion of geocentrism Ñ  the belief that the Earth is the center of the universe and 
that all celestial objects revolve around it. In this exercise, you w ill see a few 
problems with that view, and how heliocentrism (the Sun is the center of the 
Universe and the Earth revolves around the Sun) gradually supplanted 
geocentrism. 
 
The motion of planets 
 
Planets that are closer to the Sun than the Earth are called inferior planets (e.g., 
Mercury); planets that are further are called superior planets. 
 
During March, 2005, the planets Venus, Mars and Jupiter were in conjunction 
(occupy the same part of the sky) with the Moon. A believer of geocentrism 
would draw the following picture to explain the positions of the planets during 
this time (the view is from the celestial north pole, as usual). 
 

 
 
1. He challenges you, as a heliocentrist, to come up with a drawing that shows 
how the same conjunction could be achieved with the planets orbiting the Sun. 
Using the heliocentric system, draw a picture (from the viewpoint of the celestial 
north pole, similar to the picture above) of the solar system and how the planets 
and the Moon must be arranged so that the conjunction can take place. 
 
 
 
 
 
 
 



2. To settle debate about geocentrism and heliocentrism, you and he go outside 
and observe Venus for many days. You both agree that the furthest Venus gets 
away from the Sun is 47¡ (this angular measurement is called VenusÕs greatest 
western or eastern elongation, depending on which side of the Sun itÕs on). With 
which system is this observation consistent? Draw a solar-system-from-above 
sketch that demonstrates your point. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. a. Recall that a solar day is the time it takes for the Sun to reach the highest 
point in the sky tw ice, and a sidereal day is the time it takes for the Sun to reach 
the a point in the sky (like the middle of one constellation) tw ice. Since one year 
is defined as the time it takes for the Sun to appear in the same part of the sky 
during its cycle through the Zodiac (note that this definition does not contain the 
words ÒdegreesÓ or Òhighest point in the skyÓ), which year would have more 
days in it: a year of solar days or a year of sidereal days? ItÕs a good thing we use 
solar days! 
 
 
 
 
 
b. Would this inconsistency between solar and sidereal days arise under a 
geocentric system? Why or why not? 
 
 
 
 
 
 
 
 
 



The history of astronomy Ñ  the size of the Earth 
  
Eratosthenes, a Egyptian astronomer of the 3rd century BC, saw that on June 21 
(the summer solstice), there was no shadow in a well in the town of Syene; in 
other words, the Sun was at zenith. At the same time, in his hometown of 
A lexandria, he saw that there was a shadow cast by an obelisk; in other words, 
the Sun was not exactly overhead. By measuring the angle of the sunlight, using 
the top of the obeliskÕs shadow, he determined that the Sun was 7.2¡ off of 
directly overhead (see the diagram). 
 

 
 
4. If Syene and Alexandria are separated by 800 km, what is the EarthÕs 
ci rcumference? Hint: you will need to set up a proportion. The ci rcumference, or 
length around the circle, equals πd where d is the diameter of the circle. 
 
 
 
 
 
 
 
 
 
 
5. Therefore, what is the EarthÕs diameter? How does this compare to the actual 
figure (use your text)? Hint: WhatÕs the formula for determining circumference? 
 
 
 
 
 
 
 
 
 
 
 
 
 



The Earth-Moon distance 
 
Aristarchus, an astronomer in the Greek island of Samos in the 3rd century BC, 
observed that the EarthÕs shadow was 7/ 2 the size of the Moon. He determined 
this by carefully observing a total lunar eclipse and how long it took the Moon to 
pass completely through the EarthÕs shadow. 
 
6. Determine the diameter of the Moon in kilometers just from the result of 
question 5 and the number Aristarchus determined. 
 
 
 
 
 
 
7. What assumption do you have to make about the EarthÕs shadow, and what 
other assumption does that lead to about the distance to the Sun? 
 
 
 
 
 
The figure below shows angles defined by two line segments (called radii, which 
is plural for radius) joined at a point called the vertex of the angle. For an angle of 
360¡, these ends of these segments sweep out an area of a full circle, and the 
vertex is the center of the circle.  

 
8. a. Calculate the circumference of a circle of radius 1 (don't worry about length 
units). Then calculate the ratio of the circumference of this circle divided by the 
number of degrees in this circle (see figure d). 
 
 
 
 
 
 
For any angle less than 360¡, the length of the section of the circle between the 
radii is called the arc (its length is called, not surprisingly, the arc length). We will 
use the letter s to stand for the arc length. 
 
b. Consider a half-circle (also called a semicircle) of radius 1. Calculate the ratio 
of s divided by the number of degrees in a half-circle (see figure c). 
 
 



c. Consider a quarter-circle (also called a quadrant) of radius 1. Calculate the 
ratio of s divided by the number of degrees in a quarter-circle (see figure b). 
 
 
 
 
 
d. Let's generalize. If you've done problems 8a through 8c correctly, what is the 
ratio of any angle's arc length s divided by the number of degrees in the angle? 
 
 
 
 
 
In fact, we can set up an equation which describes the relationship between an 
angle α¡ and the arc length s for an arc of radius r: 
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This ratio equals the ratios calculated in problems 8a through 8d. Solving for s, 
you get: 
 
 s ~ 0.0174 α¡ r  where ~ means "approximately equal" 
 
which is called the narrow triangle approximation and it works best for α < 10¡. 
 
9. Now that you know the diameter of the Moon, calculate the distance to the 
Moon in kilometers, using only the fact that the Moon is 0.5¡ in angular diameter 
and the narrow triangle approximation. How does this compare to the actual 
figure? 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Earth-Sun distance 
 
From the previous part of the exercise, you know that when the moon is in its 
f i rst quarter phase, the Moon, the Earth and the Sun form a right triangle, w ith 
the Earth at the right angle corner of the triangle (see the diagram). Aristarchus 
was among the first astronomers to realize that the Moon, the Earth and the Sun 



do not form a perfect right triangle and that, in fact, the Sun-Earth-Moon angle 
was a little less Ñ  89.853¡ to be exact. 
 

 
He used the following formula for the cosine of the Sun-Earth-Moon angle: 
 

    

!  

cosine (Sun" Earth" Moon angle)  =  
Moon" Earth distan ce (adjacent side)

Sun" Earth distan ce (hypotenuse)
 

 
10. a. Rewrite the equation so that the Sun-Earth distance is alone on the left side. 
 
 
 
 
 
 
 
b. If the Sun-Earth-Moon angle was actually exactly 90¡, what would the Sun-
Earth distance be? (As a check, make sure the cosine of 90¡ = 0) 
 
 
 
 
 
 
11. Using the actual value of 89.853¡, calculate the Sun-Earth distance in 
kilometers. How does this compare to 1 AU (use your text)? 


