Elizabeth O’Connell

Are the workings of the universe knowable to man, or must we settle for mere descriptions of the phenomena presented to us?


While watching the night sky, early man observed much that must have seemed strange to him. Over the course of a night it is easily observed that the heavenly bodies all travel from east to west across the sky. Careful observations over the course of many nights reveal that some of these stars actually move west to east with respect to the others. When observed over the course of many days or years, these stars are seen to do a number of unexpected things. At some times they appear to move rather fast and at other times, relatively slow. On occasion, they even stop and change direction. Eventually, there were models developed to describe the motions of these wandering stars. These models sought not to explain what was causing the motions and prominently featured something called a mean sun.


The mean sun, in all its glory, is nothing more than a mathematical point. Like the equant (a fictitious point about which a planet travels equal angles in equal times), it is a tool used by astronomers to make life a little easier via avoiding investigating the true nature of the universe. As many baby boomers would agree, fantasies are more comfortable than reality.


Kepler says that astronomy is founded on observations. While not Ptolemy, Copernicus, or Brahe would disagree, this is not something they take to heart. It is difficult to make progress when holding on to axioms. The axioms of Ptolemy et al. are in step with Aristotle’s conception of a perfectly dead universe. Despite what observations taken from earth indicate, the solar bodies must move uniformly in perfect circles. Without keeping this in mind, the mean sun is difficult to grasp.

One way to think about the mean sun is as the center of the earth’s orbit. To do this, suppose that the earth is moving in one of those magnificent perfect circles. The mean sun will be that imaginary mathematical point that is the average of the earth’s distance to the actual sun. This picture makes some sense if you do not believe that you are at the center of the universe. Ptolemy and Brahe, on the other hand, thought something like the inverse. For them, the mean sun is this fanciful point moving about at a uniform distance from the earth. It doesn’t really matter. Either way, you’ve got a neat trick for calculating the positions of the solar bodies. Your view of the universe is a little obstructed, but at least you’re comfortable.


And then the planets start moving backwards.


Retrograde motion is when a planet retraces a part of the orbit it just traveled across, before continuing on its way. This wasn’t a concern for Copernicus – something he considered an optical illusion. He knew that if the earth moved around the sun faster than the planet (Mars, in this case), it would outstripe it – causing the appearance of a backward moving planet. Those who thought themselves at the center of the universe freaked out and took some epicycles to calm down. Uniform motion and perfect circles don’t make a lot of sense if planets are moving backwards – yet. Maybe there just aren’t enough perfect circles. Putting the planet on a smaller circle, which in turn moves around a bigger circle around the earth, fixes things up. When reality creeps in, fantasies require maintenance.

Retrogression (as seen from the earth) depends on the relationship between the planet and the earth – the sun also having a part to play, as it is the solar body about which all the planets orbit. Only planets moving slower than the earth (i.e. having larger orbits than the earth) will appear to retrogress. The slower the planet, the more retrogressions it will appear to have. This is because the earth speeds past it more often on its fast orbit. Thus, Saturn begins to retrogress at 90° with the sun and Jupiter at 120°. This indicates a greater number of retrogressions for the slower Saturn. 


Ptolemy, who used epicycles to account for the planets’ retrograde motions, would have to abandon these devices in his description of the orbit of Venus. Hence, Ptolemy’s Venus would be on a simple eccentric, much like his sun. The case of Mars is a bit different. Here, the planet travels on an epicycle, the center of which moves about the earth. This motion of the planet on the epicycle is faster than the motion of the epicycle around the earth, such that when the center of the epicycle is opposite the sun, the compounding of the two motions results in a retrogression. These retrograde motions occur about once every 780 days, while the planet returns to the same sign in the zodiac about every 687 days. This is due to the fact that not every trip the planet makes around its epicycle results in an opposition.

Another fantastic hypothesis is that of Copernicus. He believed that the planets were all moved by solid orbs. Now, in order to account for the speeding up and slowing down of the planet on its perfectly circular orbit, while still maintaining axiomatic uniform motion, Ptolemy uses an equant. It seems like a nice invention, but Copernicus takes offense. An equant would mean that his great orb must speed up and slow down – irregular celestial motion! Not on his watch. He chose instead to substitute an epicycle for the equant. This would work out pretty well if there were any such things as solid orbs moving the planets. Alas, Brahe’s observations of comets lay waste to any notions of solid orbs. It is interesting to note that Brahe follows much of the Copernican hypothesis – which doesn’t work without solid orbs (one reason for this is that the planet must maintain a uniform distance around a mobile mathematical point).

Switching from the mean to the apparent sun changes several things about the orbit of the planet. That transition results in a new line of apsides – the line going from aphelion to perihelion (the points at which the planet is farthest from and closest to the sun, respectively). From the observer – either the mean or apparent sun – the planet appears slowest at aphelion and fastest at perihelion. When trading in a mean for an apparent sun, you may keep your old equant and use it to construct the new center of the eccentric. The new line of apsides will, of course, run through the new center and the new observer. Kepler actually demonstrates now little appearances change when it is only the first inequality which is under consideration.


When trying to decide between the mean and apparent sun it is essential to look beyond the first inequality. The first inequality, simply put, is that when the planet returns to the same sign in the zodiac, it will not be in quite the same place as it was before. Kepler demonstrates that if a model is constructed for the first inequality alone, it is impossible to tell whether to use the mean or apparent sun. Sure, the path of the planet would look different, depending on which sun observations are taken from, but the actual path would be the same. Conversely, maintaining one observer (the earth at the center of the universe) and changing the size of the epicycles results in the same path – only shifted.


It is in the second inequality that Kepler finds a real discrepancy between the mean and apparent sun. Sure, the models of Ptolemy, Copernicus, and Brahe all provide fairly accurate predictions as to the positions of the planet, but what none of them provide is a physical cause for its motions. Not one of these models attributes the motive power to the body of the sun. There is a difference between a real and imaginary sun. It is this difference which is the basis for Kepler’s investigation.
