
ASTRO 114 Lecture 10 1 

 Today we’re gonna be continuing our discussion of the Copernican revolution.  

Now down to Galileo.  We’ve already talked about Tycho Brahe, Giordano Bruno, 

Johannes Kepler, and now we’re talking about Galileo.  What did Galileo do?  Well, as I 

mentioned, he got a telescope, began to look at objects in the sky, and made one 

discovery after another.  And I’ll list them here for you. 

 He found lunar surface features.  Discovered that the surface of the moon was very 

similar to the surface of the earth — at least he thought so.  He actually thought it was 

more similar than it actually is.  When he said there were seas on the moon, he was 

actually thinking about water, flat areas with water in them.  Today we realize that what he 

called the seas were actually lava plains.  They’re flat but they are covered with hardened 

lava, not water.  But there were mountains, there were craters, and so he saw what 

essentially to him looked like another earth.  This went against the Greek notion that all 

objects in the heavens were perfect and that they were weightless.  Because if the moon 

is made of rock as shown by the mountains and the craters and has water on it — water is 

always heavy — then the moon must have a lot of weight just like the earth.  And so the 

idea that everything could go around the earth because it didn’t weigh anything but the 

earth couldn’t move because it was very heavy d idn’t seem to make sense anymore.  You 

had to have some other explanation about what was going on. 

 He also looked at the Milky Way.  Now, you could look at the Milky Way at night, go 

outside where it’s dark, outside the city, take a look at the Milky Way and it’s a bad of light 

across the sky.  Until Galileo looked at that band of light with his telescope, nobody really 

knew what it was.  He discovered, with the telescope, that all that faint light that people 

were seeing was just many, many faint stars that individually were too faint to be seen 
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with the naked eye.  He just couldn’t pick them out as individual stars.  But because there 

were so many of them, the little bit of light that each of them gave off looked like a glow 

across the sky.  But through his telescope he could see that there were actually individual 

stars all the way through the Milky Way.  So he was able to discover what that Milky Way 

really was.  It was millions of stars, millions more than had ever been known, all across 

the sky. 

 He then looked at the planet Jupiter.  I suspect one of the first things he was 

curious about was whether the planets were round.  Because the earth was round, the 

moon was round, and the Greeks had assumed that all perfect objects would be round, he 

probably looked at Jupiter to see if it was really round.  And guess what?  It looked round 

through his telescope.  But what was even more spectacular to him was that Jupiter had 

its own moons.  Objects that were going in orbit around Jupiter — and again, something 

that went against Ptolemy’s ideas — the objects going around Jupiter were not going 

around the earth. 

 Now, let me show you a picture of those moons — or a drawing.  The way Galileo 

saw them is the bottom drawing labeled “B”.  And what you see is Jupiter in the middle, 

the round ball, and four small moons going around in orbit.  We look at Jupiter edge on so 

that the moons seemed to go back and forth as they go around the planet.  So you’re 

seeing it pretty much the way Galileo saw it, and he saw four little dots going around the 

planet night after night.  He plotted it on his little drawings and he could see that they were 

actually orbiting the planet.  These moons became known as the Galilean moons 

because Galileo discovered them.  They’re still called the Galilean moons.  So whenever 

I refer to the Galilean moons, it’s the four large moons of Jupiter that he discovered 
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around the year 1610. 

 If we actually are above Jupiter looking down, then it looks more like that.  Notice 

you’ve got four names on that drawing: Io, Europa, Ganymede and Callisto.  Those are 

the four names given to those moons.  We will talking about them a lot more later on in the 

course.  But right now all I want to point out is that Galileo discovered them, studied them 

over a period of months, determined their orbits, and found that there were objects going 

around other objects.  Not everything went around the earth.  So again, totally against 

Ptolemy’s ideas, totally against Aristotle’s ideas that everything had to circle the earth.  

And Galileo said, “Hey, if you’ve got a planet like Jupiter that has four moons, the earth 

only has one moon.  It could be Jupiter’s even more important than the earth or bigger.” 

 Okay.  What else did he discover?  Sunspots.  Now, looking at the sun is tricky with 

a telescope.  You can burn your eyes out.  And so Galileo had to think about this one.  

How is he going to look at the sun?  You might even be surprised that he bothered, but he 

wanted to look at everything.  And the way he decided to look at the sun was he took a 

piece of glass and he smoked it over a candle.  Candles are very smoky.  They give off a 

lot of soot.  So he took that candle and he just put a piece of glass over it and smoked it 

until the glass was black.  Then he put that over the front of the telescope and then he 

could look through the telescope and the sun wasn’t as bright because it was being 

blocked by the black glass.  And so he was able to knock the brightness down to the point 

where he could actually see the surface of the sun. 

 And what he discovered was that there were spots on the sun, dark blotches on the 

surface of the sun.  The first thing that hit him was, “Ah, Aristotle was wrong again.  He 

said all those objects in the sky were perfect.  Well, if you have a perfect sun you’re not 
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gonna have dark splotches on it.”  And so again the sun was not perfect.  It had spots.  

Today we still call them sunspots.  They’re dark, roundish spots on the sun.  But Galileo 

didn’t leave it at that.  He observed every day to see if they were permanent features.  

Because things can move.  He noticed that the moons of Jupiter were moving so he 

checked the spots to see if they were still there every day. 

 And what he noticed was that the spots shifted position.  As time went on, from one 

day to the next, the spots were in slightly different places.  So something was going on.  

And I have a picture of the sun.  It’s not a very good one, but it will show the spots.  Here 

are several photographs, keeping in mind that Galileo didn’t have a camera.  He had to 

look at this every day.  But if you start in the upper left, you see that there’s a very dark set 

of spots over on the left side of the sun.  Same spots a week later are over near the middle 

of the sun on the right picture.  And so the spots shift position from day to day. 

 Now, he had to think about what was going on.  Were there some sort of clouds 

above the sun that were moving along?  We have clouds in our atmosphere that move 

along and he thought, “Well, maybe there are some sort of clouds above the sun that are 

moving, floating along.”  Or the alternative is that the spots are on the sun, whatever the 

sun is made of.  The spots are right there on it.  And so he watched these spots for weeks 

to see how they moved and he was very careful to watch them when they got around to 

the edge.  So he would watch one of these big spots right around until it was just 

disappearing around the edge and he tried to see if there was any space between the 

edge of the sun and the spot.  And there was no space at a ll.  And so he concluded these 

were probably things on the surface of the sun. 

 A couple of weeks later he noticed that the spots had gone all the way around and 
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had come back.  It had taken a couple of weeks for the spots to go across the sun, they 

had disappeared behind the sun, and a couple of weeks later they came back around.  

That convinced him that the sun was rotating.  The sun was turning on its axis.  It was not 

a fixed object in the heavens. 

 Now, there are many spots on the sun so he didn’t do this with just one spot.  He 

did it with many spots and they all seemed to go around the same.  So he was able to 

determine how long it took the sun to rotate: about four weeks.  This is interesting 

because, according to Aristarchus, the sun was much bigger than the earth and so you 

would expect that if it’s a much bigger object than the earth it would take longer to rotate if 

objects in the universe rotated as a natural thing.  And the fact that it took the sun four 

weeks to rotate seemed quite logical.  The earth takes one day but the sun is much bigger 

than the earth. 

 So it proved that other things in the universe were rotating which again leads us 

back to the earth.  If the sun can rotate and it’s much bigger than the earth, why not the 

earth?  So Copernicus’s idea that the earth rotated and went around the sun didn’t seem 

to be a problem because other objects were rotating, other objects had things orbiting 

them.  And so Copernicus’s theory was beginning to make more and more sense to 

Galileo.  As I mention, he already believed it since 1598, but all of these observations fit.  

They all made sense according to Copernicus.  They did not make sense according to 

Ptolemy. And since Galileo was not particularly interested in Tycho Brahe’s theory, he 

really didn’t worry about it.  He just decided it was either Ptolemy or Copernicus.  He 

wasn’t gonna go halfway with Tycho’s theory. 

 Notice at the bottom of my list I have the phases of Venus.  I’m gonna show you 
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what that means.  That was the most — for some people, that was the most important set 

of observations that Galileo made.  Because for the first time, with observational data, 

Galileo was able to prove that there was at least one planet going around the sun.  

Proving that moons go around Jupiter is one thing but he still hasn’t proved that anything 

goes around the sun as much.  But with Venus he was able to prove it and let me show 

you how he worked it out. 

 If we were to assume that Ptolemy’s model is the correct one — let’s just assume 

that to start with — that everything goes around the earth including Venus and the sun 

and the moon and all the other objects.  Okay.  It has been known for thousands of years 

that if you look at Venus in the sky, it never gets more than about 45 degrees away from 

the sun.  It’s always over on the same side of the sky as the sun is.  That is not the case for 

Jupiter or Mars or Saturn.  They can be on the opposite side of the sky.  But Venus and 

Mercury are always over near the sun. 

 So if Venus and Mercury and the sun are going around the earth, then they must 

be staying together for some reason.  And so, according to Ptolemy, what was going on 

was that the sun was going around the earth — you see it moving on the right — and 

Venus was going around a large epicycle between us and the sun and keeping up with 

the sun as it went around this epicycle.  Fairly complicated motion.  But an observational 

result of that is that if I were to look at Venus at the positions marked X, Y and Z — if I had 

a telescope.  Now, Ptolemy didn’t so he couldn’t prove this.  But it was known 

geometrically that if you were to look at Venus at X, Y and Z, you should see it look like the 

pictures on the right.  In other words, the sun is lighting up the side of Venus that is mainly 

away from us.  You’re making an assumption, of course, that the sun lights the planets up.  
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But that was known even to the Greeks.  They believed that. 

 And so you would see what looks like a crescent moon, but instead what we’re 

talking about is the planet Venus so we call it a crescent Venus.  As the year went on and 

Venus shifted its position, you should see different kinds of crescents.  But that’s all.  Only 

crescents.  If Copernicus’s theory is correct and we actually have this situation where 

you’ve got the earth going around the sun and Mercury and Venus also going around the 

sun, notice that Venus’s orbit brings it around to the other side of the sun so that looking at 

it from the earth you should see mainly the lit side. 

 So what did Galileo actually observe?  He looked a t it through his telescope and he 

saw the phases over on the right.  He saw a gibbous phase for Venus through his 

telescope.  That is impossible, according to Ptolemy’s model.  Because you can’t have 

Venus on the other side of the sun where it can be lit up so that we can see most of it lit up.  

And so therefore that has to be the situation that Galileo was looking at.  Venus going 

around the sun and by implication, although he wasn’t able to prove that, the earth also 

going around the sun. 

 So in 1613 the first proof, observational evidence, that Ptolemy’s theory was very 

wrong came out.  This is when Galileo began to get in trouble.  Up to this point, members 

of the Catholic church were fairly tolerant of Galileo.  In fact, they pretty much liked him.  

Many of the members of the church were friends of his — bishops, cardinals.  He knew a 

lot of people in the Catholic church.  And he would discuss his discoveries with them.  But 

around 1613, when he began to show that there was observational proof that something 

was wrong with Ptolemy’s theory, they began to get worried.  Up to that point there had 

been no proof and so they hadn’t had to worry about it.  You know, Copernicus’s theory,  
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Ptolemy’s theory — it’s just a discussion.  There’s no proof one way or the other.  You 

don’t have to be concerned. 

 All of a sudden Galileo’s coming up with actual evidence, actual proof, that 

Ptolemy’s theory is wrong ad this means the church has chosen the wrong theory to back.  

Is that too bright back there?  Yes? 

Student: Why did the Catholic church feel it was necessary to take a stand on 

the planets’ orbits? 

 Well, when they first accepted Ptolemy’s theory of the motion of the universe, it fit 

in nicely with their theology.  The earth was the center of the universe, the most important 

place in the universe.  And so they just accepted it without really studying it in much detail 

because it was already there.  There was the alternate idea that Aristarchus had come out 

with, that everything went around the sun, but no proof and it didn’t fit in as well with their 

theology.  And so they were happy to accept Ptolemy’s model ad Aristotle’s belief that the 

earth did not move and everything went around the earth and the earth was the most 

important place because it just worked bette r for their theology. 

 So they had had that for over 1000 years as part of the Catholic theology.  And so 

all of a sudden in the 1600s that was being questioned.  And it was being questioned by 

people who were members of the church.  Galileo was a member of the Catholic church 

and he had friends that were cardinals and bishops.  He had friends that were popes.  He 

knew the popes.  He had visited the popes.  And so he was a high-ranking scientist that 

they knew.  And all of a sudden he’s questioning one of the basic tenets. 

 By itself, that wouldn’t be a problem.  But they realized that if the common folk 

began to realize that the church had chosen the wrong theory, they might start saying, 
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“Well, what else does the church not know about?  What else are they wrong about that 

they’ve been teaching us for 1000 years?”  And so it wasn’t necessarily Copernicus’s 

theory that they were concerned about; it was the implications for the church.  What else 

could they be telling that was wrong? 

 And so at first they just tried to get Galileo to back off.  There were cardinals that 

argued with Galileo.  He showed them the moon through the telescope.  He showed them 

the mountains and the craters.  And then he said, “Well, I have an alternate idea.  Maybe 

that’s just a facade.  Maybe the moon is really perfect but there’s sort of a painting on the 

moon that makes it look like mountains and craters.”  Galileo is saying, “Oh, boy, that’s a 

stretch.”  But he was able to go along with the joke and he said, “Okay.  Yeah.  Maybe 

there is an invisible substance that makes the moon perfect and this is just a drawing on it, 

but I’ll suggest that that invisible substance actually has much bigger mountains and 

craters than we see.”  In other words, if you’re gonna start making it up, you can make it 

up any way you want.  But what you see through the telescope are mountains and craters 

and seas. 

 And so cardinals and members of the church were trying to get him to back off a 

little bit, don’t be so convinced about all this Copernican stuff, but it didn’t slow Galileo 

down.  In fact, he was publishing his material in Italian rather than in Latin.  Most people 

didn’t read Latin.  Only scientists and astronomers read Latin, but more people could read 

Italian.  And as I said, Galileo liked to be popular and so he wrote his Starry Messenger in 

Italian.  And so thousands of people were reading it and beginning to wonder what was 

wrong with the church that they could make such a severe mistake about the theory of the 

whole motion of the heavens. 
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 This came to a head in 1616.  The church realized something had to be done.  And 

so one of the cardinals brought Galileo to his office and told him that there were serious 

problems here.  He was bringing into question the teachings of the church.  Had nothing 

to do with whether Copernicus was right or wrong, but it was a matter of church doctrine.  

And so he was told in no uncertain terms he would no longer push or even teach the 

Copernican theory; that he was to back off, leave it alone, let it go away.   

 In order to back that up, they put Copernicus’s book on the forbidden reading list 

pending corrections.  Now, the book had been out since 1543.  All of a sudden, in 1616, it 

gets put on the forbidden reading list pending corrections.  That was more a lesson for 

Galileo than anybody else, telling him that this was now forbidden territory and he was not 

allowed to discuss it.   

 Galileo understood the implications.  Galileo knew what heresy was.  He knew they 

were playing around with that term and he knew what had happened to Giordano Bruno 

16 years before.  Giordano Bruno had been burned at the stake in Rome for pushing 

Copernicus’s theory and for discussing the fact that there could be other earths and other 

beings inhabiting those earths.  And so Galileo knew what the stakes were and so he got 

quiet.  He did nothing for about 15 years.  And pretty much what little controversy there 

was concerning Ptolemy’s theory went away.  Many people assumed that maybe Galileo 

had decided it wasn’t such a good theory after all. 

 There were many astronomers who were toying with Tycho’s theory.  Maybe that 

was better, you know?  Planets move but they go around the sun, the earth is something 

different, the sun goes around the earth.  And so they were sort of hedging their bets.  

They couldn’t back off to Ptolemy’s theory completely because Galileo had already shown, 
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using the phases of Venus, that that was wrong.  And so the only one left was Tycho’s 

intermediate theory if you weren’t gonna teach the whole heliocentric idea. 

 Well, just like Copernicus, Galileo got old.  He got to be 70 years old and he began 

thinking that he really wanted to make a last statement.  He really wanted to say 

something about Copernicus’s theory because he strongly believed it was correct.  He’d 

been quiet for 15 years.  Some of the people who had been his enemies in the church and 

had made him shut up had died.  He outlasted them.  And so he thought, “Well, maybe it’s 

time to try again.  We’ll discuss this theory one more time.” 

 But he wanted to be careful so he went to the hierarchy in the church.  He went 

through channels.  He asked if it would be all right to publish a book discussing Ptolemy’s 

theory and Copernicus’s theory.  What he referred to as the two world systems.  And he 

said that he would be giving an equal discussion of the two.  All he wanted to do was 

clarify some of the misconceptions about each theory.  Some people just didn’t 

understand how things moved and what was going on, so he wanted to clarify Ptolemy’s 

theory and clarify Copernicus’s theory and sort of show what the differences were. 

 The cardinals he talked to were a little suspicious but they said, “Okay.  As long as 

you submit it to the censors first.  Make sure it goes through the censors, make sure it 

follows all the channels, and that’ll be okay.  You can publish.”  Because he’d been quiet 

for 15 years and hadn’t caused any trouble.  And so he finished up the book he’d already 

written, submitted it to the censors.  The censors looked at it and just as Galileo 

suspected, they were looking for the wrong things.  They were looking for heretical 

statements about God or about the church, or they were looking for incorrect comments 

concerning the Bible or things of that nature.  They didn’t understand the science.  They 
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didn’t understand the theories themselves.  And so they just kind of glossed over all the 

equations and anything else that was of great importance.  They were looking for the 

wrong things. 

 And so the censors passed the book through.  Nothing really wrong here.  It was 

published in Italian.  Thousands of people bought the book, began to read it.  Some of 

those people were cardinals in the church, high ranking officials, ‘cause they were curious 

as to what Galileo had written.  And all of a sudden it became clear that Galileo had had 

them on.  Here was a book that was strongly pushing Copernicus’s theory and laughing at 

Ptolemy’s theory.  This was not an even-handed discussion of the two theories.  It was all 

one-sided.   

 Not only that, Galileo had decided to get his last licks in and he had put quotes in 

the book, arguments that people had made against the Copernican theory, and he put 

them in the book so that people reading the book could ridicule them and laugh.  “This is 

what silly so-and-so said.  Isn’t that foolish when you have the real idea over here.”  Well, 

some of the people who read those quotes recognized them as their own.  And one of the 

people happened to be the present pope at that time.  He saw his own quotation in the 

book, in the mouth of the person in favor of Ptolemy’s theory, and the quotation was being 

ridiculed.  And for that reason he decided, “Okay.  Galileo has stepped over the edge.”  

And so at that point the hierarchy in the church decided that they were gonna take Galileo 

to task for this.  Because he had pulled one over on them and they were not happy. 

 Now, let me mention a couple of things about the book.  The book was called a 

dialogue on the great world systems.  It’s a dialogue.  It’s actually three people discussing 

the theories in the book.  The person who discusses Copernicus’s theories, his name is 
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translated as the knowledgeable one or the intelligent guy.  The guy who keeps talking 

about Ptolemy’s theory — I won’t even translate his name.  His name in Italian is Simplicio.  

I think that’s pretty obvious what that means: Simpleton. 

 And so it was obvious in the book, even by the names of the characters, what 

Galileo was doing.  He was ridiculing Ptolemy’s theory, pushing Copernicus’s theory, and 

having a little fun.  And so he was brought before the Inquisition on vehement suspicion of 

heresy.  They brought him to trial.  Now, at one point he could have escaped, I suspect, 

but he was 70 years old.  And I think he was worried that, you know, if he tried to leave 

Italy the way Giordano Bruno had when he heard that he was being considered for heresy 

by the Inquisition, they might catch Galileo because he was a lot slower and older.  And if 

they caught him, he would be assumed to be guilty. 

 So, rather than do that, he decided to go through with the trial, sort of play out the 

whole thing.  And so he went to Rome, to the Inquisition, and he stood for trial.  This 

presented a problem for the church.  They might’ve hoped he would escape.  I don’t know.  

Because they also realized he was a very popular man.  Thousands of people had read 

his works.  Many people thought he was the most intelligent scientist in Italy and all of a 

sudden he’s being brought up for heresy.  What’s the problem here? 

 Well, the church did not want to make a martyr.  Sometimes people with strong 

beliefs, if they are killed or burned at the stake, can suddenly become martyrs.  All of a 

sudden there’s a group following in their footsteps, claiming that the church tried to shut 

him up — which would be true.  But the church was very sensitive to this and really did not 

want to create a martyr.  They just wanted to shut Galileo up and make the Copernican 

theory go away.  That’s what they wanted to do.  You might say that in a way, they were 
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caught between a rock and a hard place.  He’s proving these things wrong and they’ve 

already put down that they believed it. 

 And so a plea bargain was entered.  It was discussed with Galileo that if he went 

before the Inquisition and stated publicly that he did not believe in the Copernican theory 

and that what he said was in error, they would not burn him at the stake.  And so he 

realized that this was his chance to die an old, comfortable death instead of in a public 

square.  And so he did.  He stood before the tribunal and he stated publicly that if he had 

said something that was against the teachings of the church, he was in error and that he 

did not believe anything that was against the teachings of the church.  And so he backed 

off, let it go, and he was put under house arrest for the rest of his life — which essentially 

meant he had to stay home.  Which he did most of the time anyway, so it didn’t make 

much difference. 

 But it’s considered a very famous trial because the evidence was all in favor of 

Galileo.  He had it right in his book.  The Copernican theory was becoming the standard 

belief.  The church had not been able to stamp it out.  They’d been able to put 

Copernicus’s book on the forbidden list in Italy, but there were a lot of other places in 

Europe where you could get the book and read it.  And so you might say it was a sort of 

victory, a hollow victory for the church.  They were able to get Galileo to say, “Yes, I made 

a mistake,” but it was really too late to stop the Copernican theory. 

 And so although Galileo didn’t do much else during the rest of his life — he lived 

about another 10 years until he was about 80 — he was under house arrest.  He didn’t talk 

anymore about the Copernican theory.  He actually did do some more writing.  He was 

going blind at the time.  His eyesight was going.  But he dictated some books on physics 
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and he actually got them smuggled out of Italy and published elsewhere.  So even though 

he was under house arrest, he managed to p ull off a couple of more things before he died.  

But essentially he had stopped talking about the Copernican theory in 1632 when he was 

tried for heresy. 

 That was not the end of the Copernican theory.  Most people started to believe it.  

And so then we have another scientist come along, the last one we’ll be discussing in this 

series, and that is Isaac Newton.  Notice, as I mentioned earlier, that Tycho Brahe, 

Giordano Bruno, Johannes Kepler and Galileo all lived at about the same time.  They 

talked to each other — well, not necessarily face to face, but they wrote letters to each 

other, they were aware of each other, they studied each other’s works.  And so they were 

all sort of working on the ideas at the same time. 

 Isaac Newton comes after they’re all dead.  In fact, he was born the year Galileo 

died and Galileo was the last one of this group alive.  And so a time passed after Galileo 

had done his writings before anything else was done.  Scientists were still discussing the 

writings, still thinking about what Galileo had said, still digesting Kepler’s three laws, trying 

to figure out what those meant, trying to understand what Giordano Bruno had come up 

with with his idea that the sun was a star and all the other stars in the sky were suns and 

that the universe was enormous in size.  These were all things that were still being talked 

about but nobody had really put it all together into a coherent picture. 

 Some people still felt that Tycho’s theory was the best one, others thought 

Copernicus’s was.  There were still a minority of astronomers who probably still believed 

in Ptolemy’s theory.  They just didn’t want to bother with the other ideas.  So it wasn’t until 

the 1660s that things began to change again and they changed very slowly.  What 
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happened was Isaac Newton began to read all of the writings of the previous astronomers 

and scientists and philosophers.  He read Copernicus’s book.  He read Giordano Bruno’s 

works.  He read Kepler’s works on the three laws.  He read Galileo’s works.  Not only 

Galileo’s observations, but also Galileo’s physics studies.   

 I haven’t brought it up yet, but Galileo also talked about gravity, dropping objects.  

There’s a famous story that Galileo went to the top of the Leaning Tower of Pisa and 

dropped two weights to see if Aristotle’s idea was right that heavy objects fall faster than 

light ones.  He took two balls with different weights and dropped them to see if the heavy 

ball would fall faster and it didn’t.  The two objects hit the ground at the same time and 

Galileo said, “Ah, Aristotle’s wrong again.”  Another thing that he was wrong about. 

 Well, Isaac Newton read about that, too.  He read that experiment.  And so Newton 

was trying to work out all these different ideas into a coherent picture.  And he had the 

luxury of having nothing much else to do.  He had been teaching mathematics but the 

university had been closed because of the plague.  There was a plague sweeping 

England and everybody was leaving town because they didn’t want to catch the plague. 

 And so he was out in the countryside with nothing much to do.  He was sort of stuck 

at his farm.  And so he spent all of his days writing and studying and working on problems, 

mental problems.  Meaning — well, you laugh.  Actually he did have a breakdown at one 

point so he had some mental problems that weren’t physics or mathematics.  But what I 

meant was his problems having to do with Kepler’s laws and Galileo’s physics. 

 And what he did is he put it all together.  Now, you heard the story, I’m sure, about 

an apple falling  off a tree, hitting Newton on the head, and he went, “Aha, gravity.”  Well, it 

wasn’t quite that simple.  He might’ve been sitting under a tree.  There were apple trees 
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on his farm.  And it could be that an apple fell off the tree and fell straight down and hit the 

ground, and got him wondering about gravity.  And since he’d been reading about 

Galileo’s experiment of dropping things, he started wondering about things falling.   

 But then he probably noticed the moon up in the sky.  Might’ve been a sunny day 

and the moon was up there, even in the daytime.  It is visible in the day.  And he might’ve 

wondered to himself, “Why doesn’t the moon fall to the earth?  If the apple lets go of the 

tree and hits the earth, why doesn’t the moon come out of the sky?”  Especially if Galileo 

was right and the moon is made of the same stuff as earth material.  Why doesn’t it come 

falling down out of the earth — I mean out of the sky and hit the earth? 

 And that got him thinking about motion, the motion of objects.  He knew that the 

moon moves across the sky.  It’s going around the earth in orbit.  And he began to wonder 

if maybe the sideways motion was keeping it from hitting the earth.  And so he began 

doing mental experiments of the earth’s pulling on the moon — same thing that pulled the 

apple down — but the moon going sideways.  So that instead of the moon falling to the 

earth, going sideways it fell around the earth.  Maybe the pull of gravity, the same one that 

pulls the apple down, is pulling on the moon.  But because the moon is going sideways, it 

falls around the earth. 

 Now, you can imagine this in a way.  If you think about taking an apple and 

throwing it sideways, it goes a distance sideways but gravity is still pulling on it so it kind of 

curves down and hits the earth.  If I were a great pitcher and I were to throw a baseball 

very far sideways, at some point it’s got to come down and hit the earth.  But if I put that 

baseball in a cannon and I shot it out of the cannon, it would go much farther horizontally 

before it hit the earth. 
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 Well, Newton imagined a cannon that was strong enough that when he shot a 

cannonball out of it, it was going so fast that as it was falling toward the earth it was going 

around the curvature of the earth.  Because the earth is not flat after all; it’s a sphere.  And 

if the cannonball was going fast enough that as it fell it went around the curvature, it might 

just keep going around the curvature and fall all the way around the earth.  And so he 

began to think about things in the heavens that went around the earth being pulled toward 

the earth, mainly the moon.  And then he began thinking about, “This could be the same 

thing going on with the sun.  Maybe the earth is falling toward the sun.  But because it’s 

going sideways, it falls around the sun.” 

 And so it took a while for him to think about all of these things.  And we’ll continue 

this discussion in the next class. 

 


