
ASTRO 114 Lecture 7 1 

 Today we’re going to be discussing more ancient astronomy.  We’re gonna kind of 

finish up the ancients and then we’ll start talking about less ancient astronomy.  One of 

the first things I want to mention today, though, goes back to the seasons.  You remember 

yesterday I was discussing the cause of the seasons.  I wanted to talk a little bit about 

what we see from the earth during the various seasons. 

 Okay.  Here we have a drawing showing the earth’s orbit around the sun.  Keep in 

mind that none of the ancient astronomers believed this except Aristarchus.  We have the 

earth going in orbit counter-clockwise around the sun.  When we’re over here in the 

earth’s orbit, the North Pole is tilted toward the sun and we have summer in the northern 

hemisphere.  When we get around to this position, we have the beginning of fall in the 

northern hemisphere.  We say that the sun is at the autumnal equinox.  Equinox means 

equal day and night — or actually it just means equal night — but it’s a time of year when 

we have equal days and equal nights as far as length. 

 When we get over to this position, 6 months away from the summer position, we’re 

in the middle of winter.  We’re at the winter solstice which is when the North Pole is tilted 

at its maximum away from the sun.  Then 3 months after that we move around again to 

where we have an equinox.  This is the vernal equinox, the beginning of spring in the 

northern hemisphere.  Again, equal heating in the northern and southern hemispheres. 

 And so we have this seasonal change caused by the earth’s orbit around the sun.  

Keep in mind and notice from the drawing that the axis of the earth stays pointed in the 

same direction all through the year, and that’s why we get different heating in the northern 

and southern hemispheres. 

 What does this look like from the earth, though?  What we have to do is think about 
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our being at a particular place on the earth.  Now I’ve just shown the winter and summer 

sections.  Here we have summer.  Somebody in the northern hemisphere — notice this is 

the equator right here.  So somebody is north of the equator but because of the tilt of the 

axis toward the sun in the summer, this person notices that the sun is almost overhead.  In 

fact, on that drawing the sun is overhead as far as that person is concerned.  Six months 

later that person is at the same place on the earth.  That person has not changed his 

position on the earth.  But since the earth has changed its position to the other side of the 

sun and now the North Pole is tilted away from the sun, that person notices that the sun is 

no longer directly overhead.  The sun is down at some angle from overhead.  So from the 

same place on the earth, you will see the sun appear in different places in the sky at 

different seasons of the year. 

 I have one more drawing to show you on this.  If you look at this drawing over here, 

you see it in March and September.  That’s when we have the equinoxes.  The sun is 

moderately high in the sky for this particular person when it’s in the middle of the day.  

Notice the sun rises in the east, goes across the sky, crosses the meridian, and goes 

down in the west.  But the sun never gets directly overhead.  It just gets fairly high in the 

sky. 

 During the summer in June, the sun again rises but now more in the northeast.  It’s 

somewhat north of east.  Goes across the sky almost overhead -- as you saw in the 

previous drawing, almost overhead — and then down in the northwest.  So in the summer 

you would notice the sun come up much farther to the north, go across the sky almost 

overhead, and then down to the northwest. 

 In the winter we have the sun rising south of east, going across the sky far in the 
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south, not anywhere near overhead, and then setting over in the southwest.  And so you 

see the sun at different altitudes in the sky at different times of the year because of that tilt 

of the earth’s axis.  And so you can look at it from the position of looking at the earth’s orbit 

and see the tilt, and see how somebody would notice the sun at different angles, or you 

can see it from the position of being on the earth and seeing the sun appear to rise and set 

in different places in the sky and go to different heights in the sky when it crosses the 

meridian. 

 If you don’t know that the earth is going around the sun, if you don’t know that the 

earth’s axis is tilted as the earth goes around the sun, this kind of motion can seem very 

complicated.  If you’re trying to explain it by assuming that the earth is the center of the 

universe, you have to have the sun moving north and south and shifting around the sky, 

day and night.  It gets very, very complicated.  And so thousands of years ago when most 

astronomers did not believe that the earth moved, the explanation of how the sun shifted 

its position during the year was very complicated.  There was no simple explanation. 

 Now, to get back to the astronomers that we’ve been discussing, we come to the 

last of the Greek astronomers, Ptolemy.  He lived around 150 A.D.  I already mentioned 

him yesterday, but today we’ll talk a little bit about the details of his theory.  First of all, as 

I mentioned already, he wrote a history of Greek astronomy.  He wanted everyone to 

know what had been found out.  And since most of the discoveries were in different 

writings, he thought it would be a good idea to bring it together in one set of books.  Turns 

out there were 13 volumes in the book so it was a major work.  But he wrote everything in 

historical order, kind of put it together so it all made sense, and then in the last few 

volumes of that series he wrote his own description of how it all worked. 
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 Now, he didn’t invent much of it.  He got the idea for a spherical earth from 

Pythagoras.  He got the idea that the earth was the center of the universe from Aristotle.  

He knew how big the earth was from Eratosthenes.  He understood all of these things and 

so he didn’t really invent anything completely new.  He just sort of put it all together into 

one neat coherent package.  And so he described how it all worked together using other 

people’s ideas. 

 And this drawing is pretty much a summary of what he found after working out his 

model.  Of course, the earth is at the center of the universe -- it’s not in the center of the 

picture because I want to show all the orbits going around it — and the moon is closest to 

the earth.  Even just knowing which objects are close and which are far away is important.  

And so he studied all the details of observations that had been made and he concluded 

that this was the order of the universe.  Moon closest to the earth going in orbit, then the 

planet Mercury going around outside the orbit of the moon, then Venus going outside the 

orbit of Mercury, then the sun, then Mars, then Jupiter, and then Saturn.  And then, 

outside Saturn, a sphere of fixed stars.  So he assumed they were all about at the same 

distance. 

 So this was the universe, according to Ptolemy.  And it pretty well described what 

you could see in the sky.  Notice that everything is going around the earth but some of 

these objects are going in little circles as they go around their big orbit.  He had to do this 

because he wanted to match observations exactly with his theory.  He understood that if 

you’re going to have a theory that works well, you’ve gotta fit the observations.  If you 

measure something, it has to be explained by the theory. 

 And a few disconcerting things that he noted in looking at all the observations was, 
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first of all, the planets changed brightness as they went around the earth.  Now, you would 

think if they were exactly the same distance from us all the time going around the earth, 

they would stay the same brightness.  But they don’t.  Mars gets brighter and fainter, 

Mercury gets brighter and fainter, Venus gets brighter and fainter.  So obviously 

something is changing and he had to account for that. 

 He also noticed that as a planet goes around the sky over a period of months and 

years, sometimes it seems to go fast and other times it’s going slowly.  In fact, sometimes 

it seems to stop and move backwards among the stars and then it continues its motion in 

the normal way.  Well, he had to explain all of these things.  His theory had to be able to fit 

all of these complicated motions.  And so it became a very complicated theory. 

 For example, I’ll show you more detail.  This is just the general theory you’re 

looking at right now.  In detail he realized that the earth could not even be at the center of 

the motion.  Now, this was pushing it and he knew he was pushing it a little bit.  Aristotle 

had said the earth was the center of the universe and Ptolemy accepted that.  But, looking 

at the observations, he realized that although this may be the center of the universe, it is 

not the center of the motion of these objects in the sky.  The objects seem to be going 

around a circle which he referred to as the deferent.  

 Today we would just say an orbit but he called it the deferent.  And, in addition, you 

have these little circles on top of the big circle so that the planet is sometimes farther from 

the earth, sometimes closer to the earth, and can do this in a complicated fashion.  

Because if this circle is close to the earth on this side and the planet happens to be on that 

side of its little epicycle, you can see it would be very close to the earth.  Whereas if this 

epicycle moved around to this point and the planet happened to be on the outside of the 
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epicycle, it would look much farther away.  In this way he could explain the change in 

brightness. 

 He could also explain the change in how fast the planet was moving by saying, 

“Well, sometimes it’s going this way while it’s moving that way on the big orbit.”  So it’s 

moving in two directions at once which kind of cancels.  So it would move much more 

slowly.  Other times it might be moving this way on the epicycle and moving that way on 

the deferent, which would mean it’s got two motions in the same direction.  It would look 

like it was moving even faster in the sky than usual. 

 So by using these techniques, these inventions, if you want to put it that way, he 

was able to mimic exactly how those planets move in the sky.  You can do this as much as 

you want until you get an exact match.  This is geometry.  All you’ve got is little circles 

going around bigger circles.  But actually if you’re mathematically inclined, you might 

realize that this is almost the same as a series approximation to the motion.  You’ve got a 

major term, the big circle; you’ve got a less major term, the epicycle ; and you might even 

have a third or a fourth epicycle.  Some of the epicycles had epicycles.  There were little 

circles on top of the circles which went around the big deferent. 

 You could make this as complicated as you wanted and Ptolemy did.  He made it 

just as complicated as was necessary to fit the motion.  And all of these orbits were not 

going around the earth as center.  They were actually going around a position that was 

away from the center.  A little hard for him to explain, but he was trying to fit the 

observations and sort of still believed that the earth was the center of the universe while 

trying to make everything work.  So it became a very complicated model. 

 But in several volumes of his historical work, he described exactly how fast each 
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planet had to go around its epicycles and how fast it had to go around its deferent and 

how large the epicycles were and how large the deferents were in order to match the 

motion of those planets in the sky that he saw.  He did a marvelous job.  This was a good 

model.  He may have had the basic facts wrong, the fact that everything goes around the 

earth.  That’s the basic incorrect fact.  But, in spite of that, it worked.  You could calculate 

where Mars was going to be 10 years from now, go through his calculations using the 

epicycles and the deferents and positions, and you could calculate that Mars might be 

over there 10 years from now.  Ten years from now if you looked, that’s where Mars would 

be. 

 So that model had the power of calculation and prediction.  It could tell you where 

something was going to be.  It could tell you where Mars was 20 years ago.  Just calculate 

it backwards.  And so it was an excellent model because it worked.  It was a series 

approximation to an equation he did not understand.  But it did a good job.  And so that 

model became the standard model.  Ptolemy’s model of the universe became the 

standard model for about 1300 years.  That’s a long time for any theory or model to last, 

1300 years. 

 From the time of Ptolemy up to the 1500s, almost nothing new was done in 

astronomy.  It was assumed that everything had been done.  Ptolemy showed in his 

books everything had been discovered.  He showed in his model that he understood how 

the whole solar system worked.  And since the solar system at that time was the whole 

universe, that was all we needed to know.  And so astronomers from 150 A.D. all the way 

up to the 1500s used Ptolemy’s models, his calculations of the epicycles and the 

deferents, and calculated positions of the planets, and they were quite happy with it.  
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Nothing new was discovered. 

 But it doesn’t mean this was right.  There were still problems.  One of the problems 

was that you had to keep adjusting his numbers.  You know, you had a set of tables that 

told you how fast Mars was going around its deferents, how fast it was going around the 

epicycles.  And over many years, it didn’t quite work perfectly and so people would adjust 

the numbers a bit.  They said, “Oh, it’s going a little faster around this epicycle than 

Ptolemy said.”  And so they’d adjust the numbers and that would work for a while.  And 

astronomers just assumed that, “Well, Ptolemy made measurements but he had errors in 

his measurements, and so his numbers were not perfect.”  But there were always 

corrections that needed to be made.  And so there was, you know, a little bit of concern 

that maybe the model wasn’t too perfect, but it pretty well did the job. 

 Around 1500, an astronomer that you probably will recognize the name for — 

Copernicus — began to wonder about the universe.  Now, Copernicus I wouldn’t even call 

a professional astronomer.  He had many professions, actually.  He studied law so he 

could’ve been a lawyer.  He was for a while.  He studied medicine so he could’ve come to 

see you at your house if you were sick.  He studied religion so he was in the clergy.  He 

did a lot of things.  But his hobby was astronomy.  But it was not his profession; it was just 

his hobby. 

 And for his hobby he liked to calculate positions of the planets using Ptolemy’s 

model.  He read the history of astronomy as Ptolemy had written it so he became very 

familiar with all of the discoveries and all of the thoughts of the Greek astronomers.  And 

one thing he noticed that kind of caught his curiosity — he noticed Aristarchus’s 

discussion about maybe having the earth go around the sun.  See, Copernicus did not 
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invent the idea.  He read about it in Ptolemy’s work.  He read about Aristarchus 

suggesting that the earth went around the sun and suggesting that that would explain the 

seasons if you assume the earth rotated on its axis.  It would explain day and night.  In 

other words, it was a totally separate explanation from Ptolemy’s. 

 And Copernicus was very familiar with Ptolemy’s model but he was curious about 

this new different model and he decided, because he enjoyed mathematics, to see if he 

could build a model similar to Ptolemy’s with all the details in it but based on the idea that 

the sun was at the center.  In other words, take that same set of orbits but replace the sun 

and the earth with each other.  Just shift one to the other and see if you could come up 

with a model that would actually predict the positions of the planets and the sun and the 

moon as well as Ptolemy’s did. 

 Now, he didn’t know whether he’d be able to do that, but it seemed like a nice 

mathematical challenge for him.  And so right around 1500 he began to do some 

calculations.  He put the sun at the center, he moved the planets around a bit, put the 

earth going around third from the sun.  If you look at Ptolemy’s model here, you notice that 

you have Mercury, Venus, and then the sun.  So literally all Copernicus had to do was 

reverse the sun and the earth and then the earth became the third planet.  Worked very 

easily.  That was all he had to do. 

 Well, he actually had a lot more to do.  He had to do all the calculations with this 

different assumption.  And it took him years.  This was a time when there were no 

personal computers, no hand calculators.  He had to do everything longhand using 

geometry and it just took a long time to make all the numbers come out.  But he persisted 

and after quite a few years, came out with a model -- and I will show that model — that 
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looks like that.  Sun at the center, Mercury, Venus, earth, Mars, Jupiter and Saturn going 

around in orbits. 

 By about 1510, he realized that he could calculate the positions of the planets 

using his model just about as well as he could with Ptolemy’s model.  He had gotten the 

numbers pretty good.  So that if you asked, you know, “Where’s Mars gonna be in 5 

years?”, he could use Ptolemy’s model and calculate where Mars would be or he could 

use his model and calculate where Mars was going to be and pretty much come out with 

the same answer.  And this made him wonder.  These are two completely different 

assumptions: earth at the center of the universe, sun at the center of the universe.  Which 

one is right?  He’s able to get correct model numbers from either one. 

 Well, he didn’t know.  He realized that he had no proof one way or the other.  All 

you had were two models that could calculate just as well as each other, but no definite 

proof that one was superior to the other.  So he began to try to find some difference, some 

little difference that might lean toward his model or toward Ptolemy’s model. 

 Now, one thing that he did notice — and I’ll go back to mentioning Ptolemy’s model 

for a minute.  As I said a few minutes ago, the planets — and this is Mars, I believe — the 

planets sometimes have very complicated paths around the sky.  If you look at Mars 

sometimes it’s moving this way across the sky, and these are the stars, so it’s shifting 

from week to week and month to month in a certain direction, and then it switches and it 

goes backwards.  And then it switches and it goes forward again.  Normally, the planets 

move from west to east.  But every once in a while this happens.  This is called retrograde 

motion, retrograde meaning backwards. 

 And so the planet is moving the normal way and then it goes backwards and then it 
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moves the normal way again.  And, as I said, this was very difficult for Ptolemy to explain.  

And so he had invented his epicycles — not a very good overhead, is it?  Anyway, he 

invented his epicycles because as you notice, if you look at the motion as the plane t goes 

around this small circle and goes around the large circle, you see that it’s moving and then 

it kind of goes backwards and then it moves forward again.  And so by adjusting the size 

of the circle, he was able to mimic this retrograde motion, this odd backwards motion of 

the planets in the sky.  But it required an extra epicycle just to make that work.  And so he 

wasn’t happy about it, but he needed to make the model work. 

 Copernicus realized that in his model he didn’t need the epicycle to explain it.  It 

actually had a natural explanation.  And this is Copernicus’s explanation of the retrograde 

motion.  Here we have the earth moving around the sun in its orbit, Copernicus’s model, 

and here we have Mars, the planet we’ve been looking at, moving in its orbit.  All you have 

to assume in Copernicus’s model is that the earth goes faster than Mars.  In other words, 

the earth is going around the sun a little bit faster than Mars is going around the sun.  

That’s an easy thing to do.  That’s a very simple number to put into your model.  Just 

assume the earth goes a little faster. 

 And so what happens — let’s say the earth is here at number 1 and Mars is out 

there.  You’re looking at Mars beyond the earth’s orbit and so you see Mars in that 

direction out there.  As the earth passes Mars -- notice it catches up with Mars and passes 

it.  So by the time you get to 6, the earth is now ahead of Mars.  This is like a race.  Two 

people are running around a track.  The person on the inside track gets ahead of the 

person on the outside track.   

 And so you start out with Mars being ahead and you end up with Mars being 
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behind just because the earth is going faster.  But what that looks like is retrograde motion.  

As the earth passes Mars, all of a sudden you’re looking this way and then you’re looking 

that way.  If you’re just looking at the planet it looks like it does a loop in the sky.  Because 

you’re seeing the planet against the background of stars.  So as you pass it, it looks like 

the planet went backwards whereas what it is is you went forwards past the planet. 

 And so Copernicus realized he could explain this backwards motion of the planets 

in the sky as just the fact that the earth was passing the planet.  Very simple explanation 

as all the objects go around in their orbits.  And he said, “Aha.  This is a simpler 

explanation than assuming an extra epicycle going at just the right rate to make this 

planet go backwards.”  And this worked for every planet and it was very easy for him to set 

up to explain the motion, and he said, “This is simpler than Ptolemy’s explanation.”  And 

therefore he used what we today refer to as Occam’s razor.  It’s a way of differentiating 

two ideas that on the surface of it may look the same or equally good.  Which one is 

simpler?  Nature is only as complicated as it needs to be but not more complicated.  If you 

have a simple explanation that explains something well, and you have a complicated 

explanation that explains it just as well, it’s always better to take the simple explanation.  

Why take the complicated one when the simple one will do the trick? 

 And so based on this, Copernicus suggested that maybe his model was better.  He 

needed fewer epicycles to make it work.  It was a simpler model and it did the same job 

with fewer complications.  That was the only way he could differentiate the two models.  

And so at the end of his life he came to believe that, yes, he was right — which you would 

expect he would believe anyway because if he’d spent 30 years working on this model, he 

would want it to be correct.  But he had a good reason for it because actually it was a 
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simpler model. 

 Now, Copernicus, as I said, started thinking about this around 1500.  By 1510, he 

had all the basics of his model put together.  He began to circulate his model among some 

of his friends and other astronomers who knew about Ptolemy’s model.  He wrote the 

description of his model and he gave it out.  People critiqued it.  They discussed it with him.  

They said, “Well, you know, I don’t see how this could happen” or “I don’t like that,” and so 

he would adjust the model until he got it to where he was pretty happy with it. 

 But he never really published it.  He discussed it with many people but he was kind 

of wary about publishing it.  And one of the reasons he was wary about it was he realized 

that Ptolemy’s model was entrenched.  It was the standard belief.  In fact, the Catholic 

church, which was the dominant religion in Europe at that time, took Ptolemy’s model as 

dogma.  That was accepted.  That was how the universe worked.  They believed 

Aristotle’s views that the earth was the center of the universe and they accepted 

Ptolemy’s model as the standard way that everything moved. 

 And so Copernicus realized that he might actually upset some people in the 

Catholic church if he were to push this model as superior to Ptolemy’s model.  And so he 

hesitated publishing.  He was just a little bit worried.  He didn’t know what kind of reaction 

he would get.  And so for years he discussed the model, considered publishing it.  He 

wrote it all up.  He had it all pretty well ready to go, but he just didn’t know whether he 

wanted to do it.  Because he really didn’t have proof.  He had this Occam’s razor idea that 

a simpler model made more sense than a complicated model but he just wasn’t sure. 

 And so it wasn’t until the year 1543 — think about it.  He started this idea in 1500, 

had it pretty well worked out by 1510, and yet it wasn’t until 1543 that he was talked into 
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publishing it.  Some of the people who had looked at it said, “Hey, t his was great stuff, you 

know.  You should publish it.”  And he was an old man by then.  He was in his seventies, 

he was ill, he realized he didn’t have much time to live, and he thought, “Well, I might as 

well.  If they really get upset about it they won’t be able to do much to me anyway.  Too old.  

I’ll probably be dead by then.” 

 And so he said okay.  So he found a publisher and an editor.  He wrote it all up, 

submitted it to them, they read it.  They got a little bit nervous themselves.  They started 

wondering what the Catholic church would think about this book.  They began to wonder 

what would happen if Copernicus, being an old man, should die very soon.  What if people 

became very upset about this book?  Well, if the writer is dead, who do they come a fter?  

The publisher?  The editor?  Maybe they’d be in trouble.  So they were kind of worried 

about it.  They wanted to publish it, but they were a little bit hesitant because they didn’t 

know what kind of reaction it would get.                                

 And so the editor who’s name was r d Oceander decided to hedge his bet.  He 

wrote an introduction to the book.  Something that Copernicus had not sanctioned — in 

fact, Copernicus didn’t even know about it.  But Oceander felt that if he didn’t say 

something at the beginning of the book, it might come back to haunt him.  And so he wrote 

this introduction or preface, if you want to call it that, in which he said that the writer may 

believe that one of these models is superior, either Ptolemy’s or Copernicus’s.  But since 

there is no real proof, the reader should assume that this is just a method of calculation.  

Neither model has to be correct.  It just has to fit the data.  Just has to fit the observations.  

And when you’re looking through this book, you should not assume that the author is 

pushing one theory or the other.  He’s just describing a new way of doing calculations that 
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is different from Ptolemy’s method. 

 In other words, the editor was trying to soften this argument.  Even though 

Copernicus made a pretty strong argument that his theory was better, the editor wanted to 

soften that argument and maybe deflect some criticism.  So he put this preface or 

introduction to the book into the book and published it without even telling Copernicus.  

Copernicus never knew it.  Because by the time it was published and printed, Copernicus 

was on his deathbed. 

 And the story goes, although I’m not sure how real it is, that they brought the first 

copy from the presses to his deathbed and gave it to him like the day before he died.  And 

he was too ill even to open the book up and begin to read it.  It’s probably a good thing.  If 

he had opened it up and read that preface, it probably would’ve killed him.  But he never 

had the chance and so he died.  The book was published as is with the preface in it.  And 

today if you get a copy of that book in translation, you will discover the preface is still there 

because that’s the way it was originally published. 

 And possibly as a result of the preface or maybe because nobody needed to worry 

about it anyway, there was no controversy after the book was published.  Copernicus had 

worried about it with little reason.  Astronomers began to read it and almost nobody else 

read it, the reason being, if you think about it, it was mostly mathematics.  It was mostly 

calculations and geometry and numbers.  The average person who’s interested in 

literature is not gonna sit down in the evening with a candle and start reading this book.  

Only astronomers and people who were familiar with Ptolemy’s model in detail would 

really wade through this book to see what Copernicus was talking about. 

 And so I think there were about 300 copies of the original book published and I 
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don’t think they all ever sold out.  So it wasn’t that big a hit.  There was no controversy.  

Astronomers read it and some of them said, “Ah, Copernicus doesn’t know what he’s 

talking about.”  Other astronomers read it and said, “This is interesting.  This is new and 

I’m gonna work on this.”  And they would kind of study it for a while and then try to figure 

out the detail, and some of them agreed with Copernicus.  Some of them couldn’t make a 

decision.  They said, “Well, either model looks pretty good to me.” 

 And so for 20 or 30 years the book was out, people were reading it, nothing much 

was happening.  It was just there.  It was an alternate way of doing the calculations, as the 

preface said, but it was not earthshaking, did not change everybody’s mind overnight, and 

did not upset people in the Catholic church particularly.  It took almost 100 years before 

this book finally had a large enough impact that most astronomers shifted over to 

believing in heliocentric theory — in other words, the theory with the sun at the center of 

the universe.  So this was not an overnight sensation.  Very few people were interested at 

the start. 

 And if it had only been Copernicus’s book, it might have even taken more than 100 

years.  But what actually happened was that during those 100 years other influential 

astronomers who read Copernicus’s work realized that this was a superior model.  It was 

simpler, it did the job, and actually it seemed like it might be more real.  It was these other 

astronomers that began to push Copernicus’s ideas.  But they didn’t just push them; they 

added to them.  Because Copernicus’s model was not perfect.  He made some of the 

same mistakes that Ptolemy made.  Let me try to explain a couple of those mistakes. 

 One of the mistakes was accepting the Greek notion that everything had to be 

perfect.  The Greeks strongly believed that everything outside the earth, everything up in 
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the universe, had to be perfect.  And that not only meant they were perfect objects, but 

that they moved perfectly.  By being perfect objects, they had to be round.  The perfect 

shape was a sphere.  And that’s why the Greeks believed the earth was a sphere, the 

moon was a sphere, probably Mars was a sphere although they couldn’t see it.  And so 

they believed that the perfect shape was a sphere. 

 They believed that the perfect two-dimensional shape was a circle.  Not an egg 

shape or something else but a circle, a perfect circle.  And since objects in the heavens 

were perfect, they had to move in perfect circles.  That’s one reason why Ptolemy had 

circles with circles.  Why not just have a funny looking orbit?  But, no, he had to preserve 

the notion that everything moved in perfect shapes, perfect circles.  And so the deferent 

was a perfect circle, the epicycles were perfect circles.  There might’ve been two or three 

of ‘em, but each circle was a perfect circle.  So the object was moving around a perfect 

circle, going around another perfect circle.  That was necessary in their minds.  It had to 

be circles, they had to be spheres, everything had to be neat and perfect. 

 And Copernicus followed that.  When he built his model, even though he put the 

sun at the center, he had the orbits as perfect circles going around the sun and even put in 

a few epicycles when things didn’t quite work right in order to keep the motion going 

correctly.  So even in Copernicus’s model there were some epicycles.  Because he still 

believed in that perfect shape paradigm. 

 Now, next lecture I’m going to talk about the astronomers who actually changed 

people’s views by discovering some new things and by explaining them in a better way.  

So I’ll continue that on Monday. 

 

  


