
ASTRO 114 Lecture 9 1 

 Okay.  Today we’re going to continue our discussion of the Copernican revolution.  

And as you may remember, yesterday I was discussing Giordano Bruno, a philosopher, 

not really an astronomer, but a person who studied many, many different things including 

Copernicus’s theory.  But he also studied philosophy and history and religion and many 

other subjects, and so he philosophized on many of these subjects. 

 And, as I mentioned, he believed the sun was a star.  First person to ever suggest 

that possibility.  He believed that all the stars in the sky were suns and therefore, if you 

think about how bright the sun is and how faint the stars are, the stars have to be 

extremely far away to be objects like the sun and yet still look as faint as they do.  So he 

expanded the size of the universe.  He actually suggested the universe was infinite in size, 

that it went on forever, and that there were zillions of stars.  Well, I don’t think he used that 

word, but there were lots and lots of stars to the point where you could say they were 

infinite in number.  And he then suggested that many of those stars should have planetary 

systems like our sun and that many of those planets would be inhabited.  Very modern 

ideas for the sixteenth century. 

 As I also mentioned, he had been suspected of heresy when he lived in Italy and 

had left Italy as a result of that, and had traveled around in Europe and had to keep 

leaving one place after another when he got people irritated by his ideas and his 

discussions.  Around 1592 he was looking for a new position, someplace to live and work, 

and he was invited to Venice to teach.  And I guess he didn’t really think too seriously 

about the implications of going back to Italy, but he took the position.  He went to Venice 

and very soon after arriving he was turned into the Inquisition.  In fact, some historians 

believe he was set up; that he was invited back by somebody who was fronting for the 
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Inquisition to get him back into Italy. 

 But anyway, immediately after he got to Venice he was arrested and put into prison 

on suspicion of heresy.  He then spent the next eight years, from 1592 to 1600, in prison 

being interrogated, being tortured, being told he had to recant.  And in 1600 they gave him 

his last chance to recant, to say that he didn’t believe all those things that he had been 

writing about, and he said, “No, I believe them.  It’s your problem.”  And so he was then 

taken out to a public square in Rome and burned at the stake. It’s a rather famous 

death.  Not too many people were burned at the stake, but Giordano Bruno was, in public, 

for heresy, for discussing all of the things that I’ve mentioned. 

 We don’t exactly know what the final charges were, which heresies were the ones 

that caused him to burn.  Because for some reason the trial was never disclosed.  We 

don’t have the actual records for the trial.  But one of the charges would’ve been 

suggesting other beings on other planets going around other suns.  Because the Catholic 

church had accepted Ptolemy’s theory that the earth was the center of the universe and 

therefore that would’ve been very convenient for them, and Giordano Bruno was teaching 

something completely different.  But we don’t know if that was the final reason or whether 

there were other heresies that they considered even more worth burning at the stake for.  

But anyway, in the year 1600 Giordano Bruno met his end. 

 Johannes Kepler was a little bit luckier.  He never went to Italy.  He was working on 

his own for awhile as a mathematician, teaching mathematics at the university, but he 

was not very good at it.  The story goes that he had classes that nobody would take 

because he was not a very good teacher.  And so when he was offered a position working 

for Tycho Brahe, he accepted the position because it was not a teaching position.  And 
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since he wasn’t doing very well as a teacher, he thought he’d try something else. 

 Tycho Brahe, as you may remember, was the emperor’s astronomer for the Holy 

Roman Empire under Rudolph II and he had left Denmark to take up that position as the 

Holy Roman Empire’s astronomer and mathematician.  But Tycho Brahe didn’t want to do 

all the work himself in calculating what the universe was really like.  He wanted an 

assistant to do most of the real work, to do most of the number crunching.  And so he 

hired Johannes Kepler because Kepler had published some mathematical works and it 

was obvious that Kepler was very good at mathematics.  And so Tycho thought, “Well, 

he’d be a good assistant.  He can do all the work.  He can do all those calculations.” 

 And so when Kepler went to work with Tycho, he was not given much at first.  He 

was given little bits of calculations to work on.  This was around the year 1599, 1600. He 

was just an assistant and Tycho wanted to keep him in his place, and so he was just 

feeding him data a little bit at a time to do the calculations.  So Kepler really wasn’t doing 

very much.  But in 1601, Tycho’s partying got the best of him.  As I mentioned, he enjoyed 

being at court and being with the emperor and not having to do much work, and he 

enjoyed partying a lot. 

 Well, there was a particular party that Rudolph had and Tycho was one of the 

guests.  And during that party, Tycho drank too much.  Well, he may have drunk too much 

at every party.  I don’t know.  But at this particular party, he drank an awful lot and at some 

point he had to go.  You know, when you drink a lot you have to leave the room and 

relieve yourself.  Well, unfortunately the emperor had not risen from the table yet and 

none of the guests were allowed to rise from the table until the emperor had.  And so 

Tycho sat there, waiting patiently, and then less patiently, and finally his bladder burst.  
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That’s a terrible way to go. 

 They took him to the doctors, I suppose, at that time but it was too late.  He lingered 

for a few days and finally he died.  And during those few days he talked to Kepler.  He 

realized he was at the end and he told Kepler, “Keep working on our observations.  Prove 

my theory that the sun goes around the earth and all the other planets go around the sun.”  

And so all of a sudden Kepler was left with everything.  Kepler was left with all of Tycho’s 

data.  Kepler was left with the position of astronomer and mathematician to the emperor.  

The emperor’s astronomer and mathematician suddenly died and the emperor needed a 

new one. 

 And so Kepler essentially took over Tycho’s position.  Inherited it, if you want to 

look at it that way.  But he also realized that he had to work on that data.  The reason that 

Rudolph kept him on was that Rudolph wanted the publication to come out that honored 

him and explained the best theory of the universe.  And so Kepler worked for Rudolph for 

many years as the king’s mathematician and astronomer, and essentially finished up the 

job Tycho had started. 

 Now, what did he find?  Well, unfortunately for Tycho, Kepler never really believed 

in Tycho’s theory: this theory that the earth was at the center and the sun went around the 

earth and all the planets went around the sun, this sort of halfway theory between 

Copernicus’s and Ptolemy’s.  Kepler was a confirmed Copernican.  He believed that 

Copernicus’s theory was correct as is, did not need to be adjusted.  And so he set about 

proving Copernicus’s theory using Tycho’s data.  He had no interest in Tycho’s theory. 

 And so he began doing calculations.  Tycho had told Kepler that the best 

observations he had of any planet were of the planet Mars.  He had over 20 years of 
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continuous observations of Mars showing exactly where it was in its orbit everywhere, 

hundreds and hundreds of observations.  And that if anything was going to be discovered, 

it could be discovered from the orbit of Mars. 

 And so Kepler took that advice and began working on the orbit of Mars.  He plotted 

up all the positions that Tycho had observed over those many years and drew up on large 

graph paper, I would assume, the actual orbit of Mars.  And when he drew it up to scale 

and put the sun in t he orbit, because he believed the planet was going around the sun, he 

realized that no matter how he looked at this orbit it was not a circle.  The one assumption 

that everybody had made, from Ptolemy and Pythagorus and everybody else, that circles 

were the perfect shape -- even Copernicus believed that circles were the perfect shape -- 

Kepler saw by plotting up the orbit it was not a circle.  It was definitely flattened.  It was an 

oval of some sort.  And he didn’t exactly know what.  In his autobiography he wrote that at 

first he thought maybe it was egg shaped.  And then he made a joke in his autobiography 

and said, “Well, I really laid an egg on that one because it wasn’t.” 

 And so he continued playing with this orbit, trying to figure out what shape it was.  

And he finally decided the only way to figure it out was to get an equation that described 

the orbit.  In other words, to derive an equation for the shape.  And when he did that, he 

stared at the equation and realized that he had just derived the equation for an ellipse, a 

standard geometrical figure that had been known since the time of the Greeks.  The 

ellipse was a standard geometrical figure that anybody could recognize, but he had 

managed to prove that the orbit was an ellipse by deriving an equation for the orbit and 

then realizing it was the same equation. 

 And so what Kepler did was discover, from looking at the orbit of Mars, that the 
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orbit was an ellipse.  He then went out on a bit of a limb and came up with what we now 

call Kepler’s First Law.  All planets go around the sun in elliptical orbits.  And, from looking 

at where the sun was in the ellipse, he realized that the sun was at the focus or one focus 

of the ellipse. 

 Now, let me show you what an ellipse looks like and where the focuses are.  Here’s 

a drawing showing somebody making an ellipse.  You can do this at home — in fact, I 

recommend you try it.  Take a couple of thumbtacks, put a piece of string around the 

thumbtacks loosely, take a pencil and pull the string tight, and then just draw the shape 

that you can by moving the pencil all the way around the string.  And what you will find is 

that as you move the pencil around, you produce an elliptical shape.  Each of the 

thumbtacks is at what we call one focus of the ellipse. 

 Now, notice that there are distances here.  The distance between the two 

thumbtacks is quite large.  That’s because it’s quite a flat ellipse that’s being drawn here.  

The distance from the pencil to this thumbtack, plus the distance from the pencil to this 

thumbtack, remains a constant.  If you add those two distances together, they’re always 

the same if you’re pulling that pencil around the thumbtacks; if you keep the string taut.  

And so one of the properties of the ellipse is that this distance plus that distance is always 

a constant for a particular ellipse no matter where on the ellipse you make the 

measurement. 

 So an ellipse is sort of a flattened circle.  Instead of having, as a circle does, a 

center, an ellipse has two important points, two focuses.  Now, if I were to make the 

ellipse less flat, make it rounder and rounder and rounder, the two focuses get closer and 

closer together.  When the ellipse becomes completely round, you have a circle and the 
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two focuses will be at the center. 

 So, in actual fact, a circle is one example of an ellipse.  It’s an ellipse with both 

focuses in the same place and so it becomes a circle.  But as you flatten the ellipse, the 

two focuses move apart and what I’m showing you here is a rather flat ellipse with the two 

focuses very far apart. 

 So when Kepler looked at the orbit of Mars, he realized that that shape of the orbit 

was a perfect ellipse and that the sun was not at the center of the orbit but was off at one 

focus.  Now, I always get the question, “What’s at the other focus?”  Nothing.  This is just 

a geometrical figure.  When you actually have a planet going around the sun, the sun is at 

one focus and there’s just empty space at the other focus.  He then studied that orbit, that 

elliptical orbit, once he realized it was an ellipse and discovered what is now known as 

Kepler’s Second Law.  Sometimes this is called the Law of Areas, Kepler’s Second Law, 

and it essentially says that planets sweep out equal areas in space in equal intervals of 

time.  Now, what does that mean, equal areas of space?  Well, I have a picture to show 

you that. 

 Okay.  Here we have the elliptical orbit — now, this is exaggerated.  In the real 

solar system, none of the orbits are this elliptical.  But in order to show the law, we 

exaggerate.  This would be more like an orbit for a comet or an asteroid.  It’s not a typical 

orbit for a planet.  The planet orbits are much closer to being circles.  But let’s just make 

the assumption that this is an object going around the sun in a very elliptical orbit.  No tice 

that when it’s over here it’s close to the sun.  When it’s over here it’s far away from the sun.  

And so we have the planet or asteroid or comet or whatever object going close to the sun 

and far away from the sun as it moves around in its orbit.  Now, what they’ve drawn here 
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looks to me like the earth, but that’s not the orbit of the earth.   

 When the planet is far from the sun, Kepler noted from the observations of the 

planet Mars that it moves more slowly in its orbit — it’s moving much more leisurely than 

when it’s close to the sun.  When it’s close to the sun, it moves rather quickly.  And he 

realized that if he measured how fast it moved and how far away it was from the sun, that 

it sweeps out an area of space — this triangle — that is always the same amount in the 

same amount of time.  In other words, if it takes the planet one month to go from A to B — 

let’s say it takes 30 days for the planet to go from A to B.  It sweeps out this amount of 

area in space, kind of a rounded triangle between the earth and sun or between the object 

and sun.  At a different place in its orbit it would go from C to D in 30 days.  Notice it goes 

a much larger distance along the orbit.  But the area of this triangle, this rounded triangle 

here, would be exactly the same as the area of this triangle. 

 So even though these two shapes are very different, if the planet sweeps out that 

area in 30 days, both of these areas will be identical in size.  In other words, if this ellipse 

were a pizza and somebody cut the pizza in this odd kind of shape, it shouldn’t matter 

which piece you took.  They’re the same size.  That’s the Second Law.  Sweeps out equal 

areas in space in equal intervals of time.  Does it make sense?  It requires that any object 

going around the sun go faster when it’s closer to the sun.  And it has to go just enough 

faster that it keeps sweeping out that same equal area in equal amounts of time. 

 And so, the other way, if an object gets extremely far from the sun, it’s going to go 

very slowly because you’re going to have a very long skinny triangle.  So comets, for 

example, are going very fast when they go by the sun.  When they go out to the ends of 

their orbits, they’re moving extremely slowly.  Just enough to keep that equal area going 
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all the time. 

 Kepler came up with both of these laws around the year 1608.  It turns out, 

according to his autobiography, he actually discovered the second law before he was 

convinced of the first law.  He was actually measuring the areas, trying to determine what 

kind of orbit he had.  And so he actually discovered that the areas were the same before 

he actually convinced himself that they were elliptical orbits.  But we give the order of the 

laws in a way that makes a little bit more sense.  Because you’ve first gotta know that it’s 

an elliptical orbit and then how it goes around the ellipse would be the second law. 

 From 1608 to 1618 Kepler continued to work on the observations, continued to 

study astronomy, and actually came up with some interesting ideas.  For example — and 

I’ll talk about it a little more in detail in a few minutes — Galileo began using the telescope 

in 1609.  So 1608, Kepler came up with his first two laws, published them.  Galileo built a 

telescope in 1609, began making his discoveries.  So many things were happening about 

the same time.   

 Kepler got interested in telescopes, not in what at Galileo was looking at.  That was 

great, too.  But Kepler started wondering how telescopes worked.  By 1612, Kepler had 

published the first book on optics.  He explained how lenses worked and how telescopes 

worked.  He was the first person to figure it out.  So anything that attracted his attention, 

he would spend a lot of time on and he made interesting comments.  There are several 

other things, but I’ll mention them when I’m talking about Galileo. 

 But as far as the orbits of the planets, Kepler kept working on these orbits for the 

next 10 years.  Remember Tycho Brahe died in 1601.  It took Kepler seven years before 

he came up with those first two laws and he was working full-time the whole time.  He had 
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over 1000 pages of calculations, just to be able to come up with those answers.  This was 

not a simple deal.  He was working hard, trying to find out what that orbit was really like.  

 For 10 more years he studied the orbits of the other planets and he showed that 

they also went in elliptical orbits.  And so he was finishing up, you know, his ideas and in 

1618, almost by accident, he came up with another law.  That law is now known as 

Kepler’s Third Law and it’s a mathematical equation.  All the planets go around the sun in 

a certain amount of time.  We call that the period of the planet.  So the earth goes around 

the sun once a year, so its period is one year.  Mars goes around in a little more than two 

years, so it has a period of some over two years.  Jupiter goes around every 12 years or a 

little bit less than twelve.  And so each planet has a certain period of orbit. 

 Copernicus had actually come up with, through his model, what the periods were.  

He actually worked out the periods quite well which is something that Ptolemy hadn’t 

been able to do.  And so Kepler had those numbers to work with: how long it took each 

planet to go around.  And he realized that if you looked at the shape of the orbit, the size 

of the ellipse — here’s that ellipse again.  If you look at the ellipse itself and you look along 

the long diameter of the ellipse, across the longest way, we call that the major axis of the 

ellipse.  Can you think about major and then there’s a minor axis that’s perpendicular to it.  

So it’s the shortest way across the ellipse would be the minor access, the longest way 

across the ellipse is the major access. 

 Okay.  That major access goes through the center.  The distance from the edge of 

the orbit to the center, half of the major access, is what Kepler listed here in his Law as A, 

the semi-major access of the ellipse.  It’s halfway across the major access.  Turns out if 

you look at an orbit — for example this one — of the planet going around the sun, 
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sometimes the planet is much closer to the sun and much farther away if average 

distance from the sun is approximately half the major access.  Sometimes it’s farther than 

half the major access, sometimes it’s closer than half the major access.  So the average 

distance of a planet from the sun is approximately half of the major access. 

 And so when Kepler was looking at the orbit, you could say that A was the average 

distance from the sun for a planet.  And so this equation says that if you take the period of 

the orbit, how long it takes to go around, and you square it, and you take that period in 

years, earth years, it will be equal to numerically to the cube of the average distance from 

the sun in astronomical units. 

 Now, I haven’t mentioned astronomical units before.  AUs.  Astronomical units.  

What is that?  It’s the average distance of the earth from the sun.  You all know that it’s 

about 93 million miles, right?  Or a 150 million kilometers.  We call that average distance 

of the earth from the sun an astronomical unit.  Why do we call it that?  Because it’s a 

convenient unit for measuring distances in the solar system.  For the earth it’s one.  We’re 

one astronomical unit from the sun.  Mars is about 1.6 astronomical units from the sun.  In 

other words, it’s 1.6 times as far away as the earth is from the sun.  Jupiter is about 5 

astronomical units from the sun.  It’s a nice convenient unit to use when you’re talking 

about the solar system.  Because you’re comparing it with the earth’s orbit directly so it’s 

easy to visualize the sizes.  So we always refer to distances in the solar system in 

astronomical units or in average distances of the earth from the sun.  So this equation 

says that any period squared in years will be equal to the average distance from the sun in 

astronomical units. 

 Now, let’s do a couple of those calculations — and you don’t really have to do them 
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but I’ll show them to you.  Here are the numbers for a lot of the planets that were known — 

in fact, all of the planets that were known — when Kepler did the calculations.  Mercury, 

how far is it from the sun?  Almost 4/10ths of an astronomical unit.  How long does it take 

to go around the sun?  A quarter of a year.  And so you square the period, cube the 

distance, and notice the numbers come out the same: .58 for both of them.  Go to 

Venus, .7 astronomical units from the sun.  It’s 7/10th’s the earth’s distance.  It takes a 

little more than 6/10ths of a year for Mercury to go around the sun.  You square that, you 

cube that, and you get the same number.  This is interesting.  It works for every planet. 

 What Kepler realized was that this was some sort of law of the universe, something 

he’d been looking for for a long time.  He just had this feeling that planets did not go 

around the sun at whatever pace they felt like.  There was some rule that they were 

following.  Planets that are closer to the sun are going faster.  That came out of his 

Second Law, the law of areas.  Planets far away from the sun are going more slowly but 

there is a definite rule.  P square equals A cubed, a wonderful, simple mathematical 

equation.   

 It’s interesting to read his autobiography on how he came up with this because he 

says it hit him one day.  He was just sitting there thinking about the numbers and the 

equation kind of popped into his mind.  And so he immediately sat down and did these 

calculations.  Unfortunately, Kepler was a much better mathematician than he was good 

at arithmetic.  And so when he did the calculations he made a mistake and the numbers 

didn’t come out right.  He thought, “Ah, it was a nice idea but it was wrong.” 

 And so he dropped it for a couple of weeks and then he started thinking about it 

again, and went back and redid the calculations and realized that he’d made an arithmetic 
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error at the first one.  And then he realized that he did have an equation that worked.  So 

it just sort of popped into his mind.  Because he’d been looking at the numbers for so long, 

he began noticing squares and cubes of numbers and they seemed to work.  So this has 

become known as Kepler’s Third Law for planetary motion because it is a relationship 

between the sizes of the orbits of the planets and how long it takes them to go around the 

sun. 

 He was so excited about this law — he didn’t call it a law at the time; he just said it 

was a relationship — that he considered it showing a harmony in the universe.  And so for 

a long time this was known as the Harmonic Law.  Has nothing to do with music as such, 

but it does show some harmony in the universe when all the planets are following the 

same rules.  Now, actually Kepler was interested in music and that may be why he used 

that particular word.  In the same book where he publishes this law, he also talked about 

the music that the planets might be making as they went around in their orbits.  He even 

wrote the musical notes that they were probably humming as they went around.  So some 

of his things we tend to ignore ‘cause we don’t hear that music, so we figure it’s not there. 

 So pretty much by 1618 Kepler had done most of his work, had come up with his 

three laws of planetary motion, and that’s about where we’ll stop with Kepler.  He actually 

continued his work.  He finished publishing all the results of his work.  They became 

known as the Rudolphian Tables in honor of Emperor Rudolph.  That’s what Emperor 

Rudolph wanted all along.  And what they were were measurements of the positions of 

the planets with predictions of how to calculate where they would be in the future. 

 And it turned out that the Rudolphian Tables were the most accurate tables ever 

made up to that point for determining the positions of the planets.  The reason they were 



ASTRO 114 Lecture 9 14 

so accurate?  Kepler had the right shape for the orbits.  He had worked it out.  He wasn’t 

using circles anymore.  He wasn’t using epicycles.  He was using ellipses and he could 

get the exact orbits.  And so the Rudolphian Tables were in use for a long time afterwards 

because they gave exact perfect calculations for where all the planets would be in the sky. 

 A little postscript about Tycho’s model versus Copernicus’s model.  By the time 

Kepler was working on his laws, most astronomers had given up on Ptolemy’s theory.  So 

much was being found out about the universe and everything, as Kepler’s laws did, 

seemed to fit planets going around the sun.  And so most astronomers said yeah, Ptolemy 

was wrong.  All these epicycles and everything going around the earth doesn’t make 

sense.  But, just like Tycho Brahe, a lot of astronomers were very uncomfortable about 

having the earth move because they couldn’t feel it, they didn’t see parallax in the sky 

which should have been observable.  Although Giordano Bruno had explained why you 

weren’t gonna see it because the stars were too far away and you can only see parallax of 

objects that are nearby.  But they didn’t want to believe that necessarily. 

 And so there were many astronomers who had to give up Ptolemy’s theory 

because it didn’t work at all but were still uncomfortable enough with Copernicus’s theory 

that they were happy to accept the intermediate Tycho Brahe theory.  And so while Kepler 

was coming up with these laws, there were a lot of astronomers who preferred Tycho’s 

theory.  There were some astronomers who preferred Copernicus’s theory.  Nobody was 

quite sure and not everyone agreed with one theory.  The only agreement was Ptolemy 

was probably wrong.  But nobody was quite sure whether it was Copernicus or Tycho that 

had the best idea.  It took probably another 30 years before everybody finally got 

convinced that Copernicus’s theory made the most sense.   
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 And one of the people who helped to do that was Galileo.  Galileo was a 

contemporary of Kepler’s, was doing his work at the same time Kepler was. I mentioned 

that Kepler took over for Tycho Brahe in 1601.  Galileo was teaching by 1601.  He was a 

well-known physicist.  I don’t think they called them physicists back then.  Natural 

philosopher, scientist.  He was studying mainly physics at that time. 

 Although we do have a lot of correspondence from one to the other of these people 

and there is a letter that Galileo wrote to Kepler in 1598, which is even before 1601 if you 

know how your calendar works.  In 1598 Galileo wrote to Kepler and mentioned in the 

letter that he believed Copernicus’s theory was the correct one.  Not Tycho’s, not 

Ptolemy’s, but Copernicus’s.  So as early as 1598, before actually making any 

observations, Galileo believed Copernicus’s theory. 

 So when did he actually start studying the universe?  Around 1609, one year after 

Kepler came out with his first two laws, Galileo heard about — he never saw, but he heard 

about — the invention of the telescope.  Some people think Galileo discovered the 

telescope.  No, he didn’t.  He heard about the invention.  The invention actually occurred 

in Holland.  And nobody is quite sure who actually invented it.  Some people think it was 

an optician named Lippershey, a man who worked with lenses to make eyeglasses and 

magnifiers.  Some people think it was Lippershey’s assistant, some unnamed minimum 

wage person, who was working in Lippershey’s optics lab and who was playing around 

with the lenses — having nothing to do, I suppose, he began playing with lenses. 

 And a telescope is a rather simple optical device, actually.  It only requires two 

lenses.  You take one lens and another lens and you look through both of them.  And if 

you’ve chosen the lenses carefully, everything you look at through both lenses will look 
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larger.  So you can almost imagine an assistant playing around with the lenses in the shop, 

looking through both of ‘em and saying, “Wooo, things look bigger.”  And, of course, 

Lippershey saw that and said, “Ho, I can use that,” and began building telescopes — at 

first trying to sell it to the Dutch Navy.  He figured it would be a good war machine.  If the 

Dutch ships could see enemy ships before the enemy ships could see the Dutch, that 

would give them an advantage.  So he tried to sell telescopes to the navy to be used at 

sea.  The navy realized this was a great invention but they didn’t really pay Lippershey for 

it because it was such a simple invention they started making them themselves.  They 

didn’t need him.  Once you find out it just takes two lenses, you can buy them from 

anybody. 

 And so Galileo heard about this invention and thought, “Hmm, I’m gonna  try that.”  

So he built himself a telescope.  He got a couple of lenses.  I think he actually ground 

some of them himself.  Put them together and built his first telescope.  But, unlike other 

people, he wasn’t thinking about selling it to the navy or looking in people’s windows at 

night, or whatever else anybody was doing with telescopes.  Galileo thought about 

looking at things in the sky.  And so what he began to do was to look up to see what things 

looked like close up.  One of the first things he looked at was the moon.  That’s one of the 

most obvious things.  I mean, if you go outside at night and want to see something close 

up, you probably look at the moon first. 

 And so he looked at the moon and he discovered many marvelous things.  His 

telescope was good enough that when he looked at the moon, he realized that the moon 

was like the earth.  He saw mountains on the moon.  There were mountains in Italy.  He 

knew what a mountain looked like.  He saw craters on the moon, circular pits in the 
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ground.  He knew what craters were.  There were volcanoes in Italy.  So he knew right 

away.  Aha, the moon looks like Italy.  He even noticed large flat areas on the moon, 

extremely flat and empty, and he thought, “Ah, these must be seas.”  He knew what seas 

were.  There are seas all around Italy.  So he realized that the moon was another object in 

the heavens just like the earth.  It had mountains, craters, seas.  It had surface features 

like the earth. 

 And therefore, if it looks like the earth, it’s probably made of the same stuff.  And so 

he suggested that it was made of earth-like material.  Rock for the mountains, water for 

the seas, maybe lava in the volcanoes.  Who knows?  And so he published these results.  

One thing about Galileo, he loved publicity.  He wanted to be famous.  He wanted to be 

well known.  And so whenever he would discover something, he was very quick to publish 

it.  And, rather than wait a long time until he had a thick book worth of material or wait until 

the end of his life the way Copernicus had done, Galileo published immediately with small 

pamphlets.  And he started calling these pamphlets that he began to put out on 

discoveries he made with the telescope the Starry Messenger. Now, it was in Italian, but it 

translates as the Starry Messenger. 

 So he was looking at the stars and he was sending a message to everyone about 

what he saw.  And so in one of his first Starry Messengers he talked about the surface 

features of the moon: the mountains, the craters, the seas.  He even measured the height 

of mountains.  He could see the shadows of mountains on the moon.  He knew where the 

sun was so he knew the angle that the sunlight was coming in.  He could see the shadow 

of the mountain.  He could see how long the shadow was.  And so he actually measured 

the length of the shadow and was able to calculate the height of the mountains on the 
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moon. 

 So all of a sudden people began to realize that objects in the heavens were like 

things on the earth.  This is different — this is the last point I’ll make — this is very different 

from what Ptolemy and Aristotle believed.  They believed that objects in the heavens were 

celestial.  Remember no weight, perfect material?  All of a sudden, Galileo is showing that 

the moon is made of earth stuff, the same kind of stuff.  

 We’ll continue this tomorrow. 

 


