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CLASS 1- PART 1 
This course is really ...  The big modern science is what I want to 
tell you about this year.  We are going to start back in the 
beginning, in ancient Greece, with the first ideas the Greeks 
developed about the physical world.  And you will see that the Greeks 
did not always get the right answers.  They did in some crucial cases 
get some right answers, but even in the cases where they got the 
answers wrong, they were asking the right questions -- and that, we 
will see, was crucial to get science started. 

Modern science, as we know it today, really started ...  Does anybody 
have an idea when the modern scientific age started?  Do you have a 
guess? 

Student: The Renaissance? 

It was a little after the Renaissance, actually.  I would say that 
Galileo was the first modern physicist.  He lived around 400 years 
ago, in the early 1600s.  Now, 400 years -- that might strike you as a 
long time, 400 years.  But people have been around a lot longer than 
that.  I think in your history class, you are learning about the first 
hunter-gatherers?  People have been around for tens of thousands of 
years. 

So the fact that science only started about 400 years ago is actually 
pretty amazing.  It is a fairly recent phenomenon that people have 
known, understood the physical world around them, and been able to 
describe it in terms of these amazing principles that we are going to 
learn about in this class, and then develop all the technology that we 
have today. 

If you think about your typical day, you get up in the morning, you go 
into the bathroom and you flip on the lights.  Lights.  Where the heck 
did they come from?  Well, Thomas Edison discovered how to make 
electric lights about 120 years ago.  That is not a long time ago! 
And in order for Edison to invent the light bulb, a whole bunch of 
fundamental scientific discoveries had to be made before that.  And we 
will not get to those this year.  It will be next year before we get 
to most of those discoveries.  But scientists like Galvani and Volta, 
who actually made the first electric batteries, and other scientists 
like Ampere and Faraday and Ohm and Joule, you will hear about all of 
these guys next year.  You do not have to worry about those names now, 
but they made all these fundamental discoveries in electricity and 
magnetism.  There were others who made crucial discoveries in 
chemistry, and all that had to be done before Edison could come along 
and make a light bulb. 

Now, let us say you go into the kitchen for your breakfast.  All you 
have to do is look around, you see all kinds of wonderful high tech 

© 2003  VanDamme Education, Inc. All rights reserved.The materials are for personal, non commercial use only and may not be used for any other purpose. 



things that people did not have a hundred years ago.  Even the 
refrigerator in your kitchen is, when you stop and think about it, an 
amazing item -- warm on the outside, cold on the inside.  How did 
anybody figure out how to do that? 

Well, it turns out you have to have a lot of knowledge about 

[Time 0:05:00] 

gases, electricity, heat, even chemistry, in order to make a 
refrigerator. 

You probably have a microwave in your kitchen, another amazing 
technological device that required all kinds of knowledge of physics 
and was not available until a few decades ago.  And you can just go 
through your house and see, from your stereo system, your CD player, 
your computer -- a lot of these things did not even exist a few 
decades ago.  There is an amazing amount of scientific knowledge that 
goes into creating this world around you that most of us just take for 
granted all the time. 

Now, one other thing I wanted to mention about science and the way it 
affects your life.  It is easy to think about high tech stuff, like 
computers, but even the low tech sort of items around you in the world 
today would not be possible without a lot of scientific knowledge. 
One example I thought of was the pots and pans in your kitchen.  A lot 
of those pots and pans are aluminum.  No one knew how to isolate 
aluminum until about 120 years ago.  And it turns out, in order to get 
aluminum from the rocks that we find around, you have to know a lot of 
electricity, and a lot of chemistry.  So it is actually quite a 
process, in order to make something as simple as an aluminum pot in 
your kitchen. 

So science is everywhere around us today, and we would be miserable 
without it. 

Now, just so you do not take science and the world around you for 
granted, I want to tell you about ...  It is good to keep in mind that 
a lot of people even today do not know any science at all.  And not 
just people in this country -- there are people in the backwoods of 
Kentucky that do not believe we ever went to the moon -- but a lot of 
people in Africa, people in South America, people in the interior of 
Australia, that live the same way that people lived thousands of years 
ago.  And to contrast the kind of scientific world that we live in to 
the way that these people live, I am going to tell you about one of 
these tribes. 

Before I go any further, I do not have a book for this course, so what 
I would like you to try to do is actually take notes in these classes. 
And I will try to be good about writing things on the board.  Because 
if you have something written down, it will jog your memory and you 
will be able to learn from these classes a lot better. 
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I want to tell you about the Kuba tribe in Africa. 

    Kuba tribe in Africa 

We will look at some of the ideas, what people in this Kuba tribe 
believe, and you will see the contrast between them and the things 
that an advanced society believes.  And I think you will see why we 
have science and they do not. 

The Kuba think 

[Time 0:10:00] 

that everything originated from their god, Mboom.  Now, Mboom had 9 
children, and in order to make things easy to remember, he named them 
all Woot.  So, he had 9 children named Woot, and then these children 
created the world.  So, let me tell you about the 9 children. 

    Mboom (head god) 

There is Woot the ocean, Woot the digger, and Woot the digger made 
riverbeds and hills, so he dug out the riverbeds and drew up the land 
into hills.  There is Woot the flowing, who actually made the rivers, 
Woot who created woods and savannahs (savannahs are just the flat 
grasslands), and Woot who created the leaves, and then there is the 
guy who created the stones, and ah, here is an important one, Woot the 
sculptor, who created people out of wood, and my personal favorite, 
Woot the inventor of prickly things -- thorns and such.  And then the 
final one, Woot the sharpener, who created edged weapons.  Now, this 
is the highest technology that the Kuba have, are edged weapons, so 
they are very important, so they have to have a Woot who invented 
them. 

    His children: 
    Woot the ocean 
    Woot the digger (made riverbeds and hills) 
    Woot the flowing (rivers) 
    Woot who created woods and savannahs 
    Woot who created the leaves 
    Woot who created the stones 
    Woot the sculptor (created people) 
    Woot the inventor of prickly things 
    Woot the sharpener (edged weapons) 

Now according to the Kuba tbd, even people.  Death was created when 
these two Woots (prickly things vs. sharpener) got into a fight, and 
Woot the sharpener killed Woot the inventor of prickly things. 

[Time 0:15:00] 

And ever since then living things have been born and dying. 
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Now, what explanations do the Kuba accept, when you ask them a 
question about why something happens in the world around us?  Let us 
say you asked the Kuba about ocean tides.  Why does the ocean 
periodically come in, then recede and then go back, and then roll up 
and come in? 

Student: Woot the ocean gets angry? 

Yeah.  Something like that.  I actually do not know exactly what the 
Kuba would say.  I am making this up as I go, but they would say 
something about well, maybe there is a competition between Woot the 
ocean and Woot the digger, who was the land Woot.  And, Woot the ocean 
tries to take Woot the digger's territory, then he gets pushed back, 
then he tries to take his territory again.  Then there might be 
something about Woot the ocean getting riled up and angry, but it all 
would come back to the will of these Woots.  Everything that happens 
in the world, according to the Kuba, comes back to these Woots wanted 
things to happen the way they did, and they made them happen that way. 

So it is always some consciousness, some mind, some will that is 
making things happen.  And if it is not one of these gods, it could be 
some kind of person.  For example, the Kuba believed in magic rituals, 
and the leaders of their tribe know how to invoke the right magic and 
control the world around them, allegedly.  But it is always the will 
of somebody is why something happens. 

Okay, so that is a lot different than what we believe, right?  How 
would we put what a scientific society believes?  Why does this thing 
[a marker] fall down when I let it go? 

Student: Gravity 

Gravity.  We would say, well, it has mass.  We will get to mass later 
in the course.  You will understand that better.  But for now, you 
know what it means.  It has mass.  It has a certain property so that 
it is attracted by the earth and falls down.  So it is something 
specific.  It has certain properties.  So it has to act that way.  It 
is not whether anybody wills it or not -- is completely irrelevant. 
So that is what we call -- it goes by a name: causality.  Things 
happen the way they do because of what they are. 

OK, you have got all these Woots in your notes?  So let me get rid of 
them now, so I can write other things on the board. 

What the Kuba believe -- and other primitive people, this is not just 
Kubas.  And the first point that I made was that 

[Time 0:20:00] 

things happen because some god or person wills it.  And, what this 
means basically is that they do not believe in what we call causality, 
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that things have to happen the way they happen because of what they 
are. 

    What they believe: 

    1) Things happen because some god or person will it.  (no 
       causality) 

Okay, second thing.  Here is the strange thing about the Kuba, and it 
is common among these tribes.  This myth that I told you about, with 
the Woots creating the world -- well it turns out this is not the only 
myth about the origin of the world that the Kuba believe.  There are a 
couple of others that are common beliefs among them.  They believe the 
Woots created the world, but they also believe in a couple of other 
origin myths about how the world came about, even though they 
contradict the story of the Woots.  So it is common among these tribes 
to accept different beliefs, even though they contradict each other. 

So, let us write that down as another characteristic of these 
primitive tribes.  Accept beliefs even if contradictory. 

So what does that mean that they lack?  Here they attribute everything 
to the will of some god, so they do not really believe things happen 
the way they have to happen.  So I said they do not understand 
causality.  Now, what about accepting two different beliefs that 
contradict one other?  Can you think of what they are missing here? 

Student: Logic? 

Basic logic! 

    2) Accept beliefs even if contradictory (no logic) 

Why do the Kuba believe the things they believe?  Where do they get, 
for instance, this idea of the Woots?  They get it from other Kuba, 
the senior members of the tribe.  So this is another characteristic of 
these non-scientific cultures.  They accept beliefs on the basis of 
authority.  They believe the things that they believe because their 
elders told them those things. 

    3) Accept beliefs on the basis of authority 

Now you are not going to fall for believing anything in this course 
just cause I told you, right? [smiles] 

In scientific cultures, people demand evidence.  We have standards for 
what we believe.  We have to be able to see some evidence for it.  If 
somebody told you that 

[Time 0:25:00] 

Joe killed Bill, well, we would want to know, did Joe have access to 

© 2003  VanDamme Education, Inc. All rights reserved.The materials are for personal, non commercial use only and may not be used for any other purpose. 



the murder weapon?  Did he have a motive for killing Bill?  Does he 
not have an alibi?  Was he even in the vicinity?  You ask a whole 
bunch of questions, and demand evidence that Joe actually killed Bill. 
Whereas for the Kuba, if the tribal elder says Joe killed Bill, that 
is pretty much the end of the story. 

Now, let me tell you one more characteristic of non-scientific 
cultures.  They do not know math, and we will see how crucial that is, 
as we go though this course, and how math is absolutely essential to 
understanding the physical world. 

    4) No math beyond simple arithmetic 

Understanding these points is going to allow us to understand why 
science started in Ancient Greece.  Because in Ancient Greece, the 
civilization that developed in Ancient Greece contrasts dramatically 
with these early primitive civilizations that believed these sorts of 
things.  The Greeks were the first to understand causality -- in other 
words, that things happen because of what they are and they have to 
happen that way.  It is not the will of some god.  They developed 
natural explanations for things.  Certainly by the 5th century BC in 
Ancient Greece, if you asked why something happened, there would be 
some kind of a physical explanation of why that thing had to happen, 
not how it was just the will of some god.  And the Greeks believed 
that things did not happen randomly, that the world was orderly.  And 
things have a certain nature, and that is why things behave the way 
they do. 

The Greeks were the first to develop logic.  They did not accept 
contradictions.  If you believe one thing and then somebody else 
believes something else, at least one must be wrong!  Two 
contradictory things cannot both be the case.  They demanded 
non-contradictory reasoning, consistency. 

They also demanded evidence.  So they contrast with the Kuba on that. 
And they were the first people to really develop math, and we will see 
that geometry, trigonometry, the beginnings of algebra, all that is 
crucial to physical science. 

So we start this course in Greece precisely because they were the 
first people to break out of this primitive state that we still see 
some people in the world in today.  The Kuba exist today in Africa. 

[Time 0:30:00] 

Now, let us look at the very first ideas in Ancient Greece, that 
eventually led to science.  So call this "Greek ideas in physics" 

    Greek Ideas in Physics 

One of the questions the Greeks asked themselves was, what are things 
made of?  What is matter?  We use the word matter to refer to the 
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physical stuff that makes up objects.  So the Greeks asked, what is 
matter? 

    What is matter? 

In other words, what are things made of?  The answers they came up 
with, it turns out, are not right.  One of them was half right, but 
the rest of the ideas I am going to tell you about are wrong.  Notice 
what is really crucial here is even asking this question.  This is 
really an amazing question, that no one else had asked before Thales. 
A Greek thinker named Thales, at around 600 BC, seems to have been the 
first to ask this question. 

        Thales (c. 600 BC) 

And he was not just accepting the fact that well, we have cabinets, 
and we have this board, and we have these walls, and these plastic 
leaves up here.  Everything is just different.  Thales was looking 
for, what is the same in all this stuff?  Is there some underlying 
physical stuff that in different forms makes up everything? 

Now that is a really intelligent question.  Even if you do not come up 
with the right answer, it is a really good question!  And scientists 
have been asking that question ever since, and coming up with 
progressively better answers, but Thales was the first.  Now, what did 
Thales find?  What was his answer? 

Student: He thought that everything was made of water. 

Thales said everything is water.  Now that may not seem to plausible. 
Why did he say that? 

Student: Because water comes down from the sky, and if you dig deep 
enough you find water. 

Yeah.  That is true. 

Water is the only common substance that we know of that the Greeks 
knew existed in liquid form, in solid form, and in gas form.  We have 
water, we have ice, we have steam.  So it could take on these 
different forms that the Greeks knew about.  It could be solid, it 
could be liquid, it could be gas.  And you find it everywhere.  It 
falls from the sky.  It is down deep in the ground. 

So Thales had the idea that everything we see comes down to different 
forms of water.  This turns out to be wrong, but you can see where he 
is going with this.  He is looking for some underlying simple idea 
that explains everything.  So it was really ambitious, and it started 
people thinking along these lines.  So 

[Time 0:35:00] 
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Thales's answer is that everything is water. 

            Everything is water (wrong) 

I will just add that it is wrong.  I do not want you to go out and 
tell people that your science teacher taught you that everything is 
water today.  Wrong, but you can see what is right about it.  There is 
something right about this idea of Thales, that is he is looking for 
this underlying stuff that makes up everything. 

Contrast Thales with another Greek.  This guy's name is Anaxagoras, 
and I think he was around 500 B.C.  Not too sure.  500s some place. 

        Anaxagoras (c. 500 BC) 

Anaxagoras took a view that I think is wrong in a much worse way than 
Thales's ideas is wrong.  Because Anaxagoras said, no, there is no 
underlying stuff that makes up everything.  Everything is just 
different.  There is a banana stuff, there is an apple stuff. 
Everything is just different from everything else, and that is the end 
of the story. 

That is what the Kuba believe, by the way.  They would say everything 
is just different.  There are fish, leaves, stones, and they would not 
see any connection between these things. 

Science is looking for connections, so Thales was much more on the 
right track than Anaxagoras.  If people had actually taken Anaxagoras 
seriously, it would have been the end of science here.  Fortunately, 
people did not take Anaxagoras seriously, and eventually they kicked 
him out of Athens.  Not for believing that everything is different, 
but for other things I will tell you about later. 

            Everything is different (end of science) 

There is a pretty interesting answer to this question [What is 
Matter?] that came up in the next century in Greece, and that is 
called atomism.  And probably the most famous atomist -- there were a 
number of them -- was Democritus, around 440 B.C. 

        Atomism (Democritus c. 440 BC) 

Now what did Democritus believe? 

Student: That everything was made out of a certain combination of 
atoms? 

Right. Everything is made up of atoms.  In Greek, atom means 
indivisible.  So, the idea is that these little particles that you can 
not split anymore -- 

[Time 0:40:00] 
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they are indivisible little particles -- and everything that we see 
around us is just different arrangements of these particles.  So the 
whole diversity of the world that we see around us -- wood, plastic, 
water, all of this stuff is made up of just a few different kinds of 
atoms.  According to the Greek atomists, the atoms could come in a few 
different kinds that might differ in size and shape, but there were 
only a few of them, and then different arrangements of those atoms 
made up everything we see around us. 

So, that is a clever idea in the sense that -- if you are looking for 
some underlying simplicity to the world, and you know that there are a 
million different kinds of things around you, well just saying what 
Anaxagoras said, that there are just a million different kinds of 
things, and you can not get it any simpler than that; there is no 
explanation for it. 

The atomists said there are only really a few different things, a few 
different kinds of atoms, but you can put them in different 
combinations and make millions of different things.  So that is a very 
clever idea, and it turns out to be right. 

Now the Greek atomists did not have any evidence for this idea.  They 
just thought of it, put it forth, and it will be a long, long time 
before science develops to the point where people could actually get 
scientific evidence for the existence of atoms.  Does anyone know when 
scientists actually started getting evidence for atoms?  Only about 
200 years ago, believe it or not.  So for about 2000 years after the 
Greeks put forward this idea that everything is made of atoms, people 
could not figure out how to gather any evidence for such an idea.  And 
all of our proof of atoms has come in the last 200 years. 

Let me tell you about just one more answer to this question, which was 
proposed in Ancient Greece, and that is by Aristotle. 

    Aristotle 

And you may have heard about Aristotle's answer to the question of 
what is matter.  He believed that everything on earth was made up of 
the four elements.  Do you know what the four elements are? 

Student: Earth, wind, water, and fire. 

Yes.  So we have four elements.  There is earth earth, water, air, 
fire. 

        4 elements: Earth, Water, Air, Fire 

And you can see that this is an improvement on Thales's original idea. 
Thales only had water to work with, and it is tough to make a world 
out of just water.  Aristotle at least has earth, water, air, and 
fire. 
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Student: What area of time did Aristotle live in? 

His years are 383 to 320 [BC], I believe, and he published a lot of 
books. 

[Time 0:45:00] 

And it is not known exactly when those books came out.  So when 
exactly he wrote about the elements is not known, but probably around 
340 BC. 

Aristotle has a solid material [points at Earth], water, which is 
usually liquid, the air, so he has got a gas.  So he has solid, 
liquid, and gas covered.  Fire did not seem to fit in any of these 
categories, so he had it as a separate category. 

Aristotle had a scheme about transitions between these elements.  That 
under certain circumstances, earth could transform into water, and 
water into air.  So he had a more complicated scheme than Thales did, 
obviously, in order to actually explain the changes, the kinds of 
transformations that we see around us. 

For example, you take a plant.  The plant is in soil, you water it, 
and it grows.  Well Aristotle said somehow that water is transformed 
into the earthly stuff that makes up the plant.  So he had various 
ways of making transformations between these elements. 

Again, this would later be proven wrong, but this idea of Aristotle's 
had some staying power.  People actually thought in these terms of 
air, water, earth, and fire for an enormously long time.  It was not 
until the 1700s, less than 300 years ago, that people actually started 
developing chemistry into a science, and proved this idea of 
Aristotle's wrong.  So it took a long time. 
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CLASS 1- PART 2 
I just told you a few of the ideas that the Greeks had about matter. 
Now I wanted you to understand that this was really a new and 
brilliant question they were asking, even though they did not get the 
answer right.  That the fact that they were asking the question, what 
is the basic nature of matter that makes up all the things that we see 
around us? 

The Greeks also asked another brilliant question.  What are the basic 
principles of how things move?  The Kuba never asked that question.  I 
think if you asked a primitive people that question, they would not 
even understand what you were talking about. 

    Greek Ideas in Physics 
    ---------------------- 
    Aristotle's theory of motion 

The Greeks thought, well, we see things moving around us all the time. 
And since we accept this idea of causality -- that things behave the 
way they do because of what they are -- that means they have to move 
the way that they move because of the nature of what they are, and not 
because of the will of some god.  So what is that nature, and what is 
that movement that results from it?  That is a brilliant question that 
the Greeks asked. 

And Aristotle gave an answer.  Again, this is not a right answer. 
There are things that are right 

[Time 0:50:00] 

about it, but it would need a lot more work before we finally get to 
the theory that we accept today, which you will understand by the end 
of this course.  But this is a start. 

Now Aristotle looked around the world and he thought he could 
distinguish two different kinds of motion.  One he called natural 
motion. 

         Natural motion 

Now, this is the kind of motion that we see without external pushes 
and pulls.  In other words, I do not have to throw this marker down to 
the floor, or push it or throw it.  If I just let it drop, it 
automatically moves that way.  But to make it go up, I have to push 
it. 

Now, natural motion is the kind of motion that we see happening 
naturally around us, without us having to exert pushes and pulls on 
the object.  And Aristotle looked at his four different elements -- 
the earth, the water, the air, and fire -- and thought, how do these 
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things move naturally? 

First, earth, solid stuff, falls down.  So that is one example of 
natural motion is earth falls down. 

            Earth falls down 

It seeks its natural place.  Now, everything moves toward the earth. 
So that is what Aristotle viewed as the natural place of earth, was 
towards the center of the earth.  So that is why things fall down, 
because they are moving toward their natural place. 

Now if I had a tub of water it would also fall down relative to the 
air, right?  It seeks a lower place than the air.  But it will rest on 
the earth.  So the water will fall down, but its natural place is 
between the earth and the air. 

            Water falls down (between Earth and air) 

Now consider air.  If you boil water, you see the steam rise.  Air is 
light, and it rises.  If you see smoke from fire, it will rise up. 
These [earth and water] are the heavy elements that fell down, and air 
and fire are the light elements that go up. 

            Air     \ 
            Fire    / go up 

Now this is just based on common observations.  Solid and liquid stuff 
falling down through the air until it hits the ground, and things like 
smoke and fire rising up. 

[Time 0:55:00] 

Now can you think of any other natural motions?  Things moving, but in 
a way that is not up or down? 

Student: Like wind pushing something to the side?  Something light 
like a feather? 

Wind pushing something to the side?  Greeks would have said that that 
is a violent motion, because it requires a push or pull from the air. 
So the other case of natural motion that struck them was the stars and 
the planets and the moon and the sun.  What do they seem to do, if we 
look around?  If we look up in the sky? 

Student: Turning 

Well, go in circles.  Turn around the earth.  They seem to go in 
circles around the earth.  We see the sun rising on one side, setting 
on the other side every day.  The moon does something similar.  And if 
we pay attention to track the planets, they do the same thing.  And 
even the stars, if you go out and watch a star for a long enough 
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period of time, you see it moving across the sky.  Everything seems to 
be sweeping in circles around the earth. 

So Aristotle's idea was that the natural motion of these astronomical 
bodies, these celestial bodies, is to go in circles.  So sun, moon, 
planets, and stars go in circles, and that is another form of natural 
motion. 

            Sun, moon, planets, and stars go in circles 

Now, given the fact that these bodies move so much differently than 
rocks here on earth, Aristotle figured that they must be made of 
something different.  He did not think that earth, water, air, and 
fire make up the objects that we see in the sky.  They are made up of 
another material that he called ether.  See, they have to have a 
different nature because they are observed to move differently.  That 
was Aristotle's reasoning, which seems to make sense. 

            Sun, moon, planets, and stars go in circles (made of ether) 

So natural motion is the motion that we see things moving without 
external pushes and pulls. 

Now what is the other kind of motion? 

Student: Violent motion? 

Violent motion.  Right.  And all that means is you need a push, you 
need some external stuff to push or pull on the object in order to get 
it to move that way. 

A good example would be a kind of example ... 

Mrs. VanDamme: I just wanted to tbd think was natural versus man made 
motion. tbd 

[Time 1:00:00] 

When I say pushes and pulls, I do not mean necessarily that a person 
has to push or pull on the object.  It could be anything.  Billiard 
balls.  You see people playing pool.  When one ball whacks into the 
next ball to make it move, that is violent motion.  And similarly, 
even the wind blowing leaves off of trees is a violent motion, because 
the air in that case is pushing on those leaves, and making them move 
the way they do. 

Aristotle looked around the world and said, to make anything move 
sideways, you have to push on it.  If I just let this marker go, it is 
not going to move sideways.  It is just going to move straight down. 
Same with anything else.  So you can make things move in any direction 
if you push on them, but they only move vertically to their natural 
place if you just let them go.  So violent motion is any kind of 
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motion that is not just that natural vertical motion that you get when 
you let it go.  That is clear? 

Now what about the strength of these pushes to how the thing moves? 
Aristotle had certain ideas about the relationship between how hard 
you have to push on something and the motion that results.  I think it 
is pretty obvious that the harder you push, the faster the thing 
moves, right?.  Imagine a bow and arrow, and you draw the bow back 
just a little ways and you let it go.  The arrow will not go very 
fast.  It will not go very far.  You draw it back twice as far, the 
arrow goes a lot faster and further.  The more you draw back the bow, 
the more force you are putting on that arrow, and the Greek idea was 
that the motion is just proportional to the force. 

Let me introduce the concept here of proportionality.  Do you know 
what that means?  If I tell you that the force, let me just symbolize 
that by F, is proportional to V, the velocity). 

    F "proportional to" V 

If I double the force, what happens to the velocity? 

Student: It doubles. 

It doubles.  This symbol [similar to a Greek lowercase alpha] means 
"proportional".  It does not mean the force equals the velocity, but 
it means if you double the force, you are going to double the 
velocity.  If you triple the force, you are going to triple the 
velocity. 

So, the Greeks had the idea, force is proportional to the motion that 
it causes.  And you can just think of the bow and arrow example.  The 
the more you draw back, the greater the motion.  Now what else would 
motion depend on?  Let us say that instead of shooting the arrow 
through air, you are a scuba diver, and you are under water 

[Time 1:05:00] 

with your bow and arrow, and you shoot the arrow.  How is that going 
to affect the motion? 

Student: It is going to drop. 

You are still shooting sideways.  I am standing on the bottom of my 
pool, weighted down, and I am shooting this arrow, through water now, 
instead of through air.  Is the speed going to be greater or less? 

Student: Less. 

Less, to go through the water.  The water is going to slow it down. 
The heavier the stuff that you have to travel through, the more 
resistance the object encounters.  So Aristotle first realizes, the 
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greater the force, the greater the motion. 

But it is also true that the greater the resistance, the less the 
motion.  So one way we could write this now 

    F "proportional to"  V / 
                          / R 

is that the force ...  So I am standing at the bottom of my pool, and 
I am shooting this arrow.  The further I pull the bow back, the faster 
it is going to go.  We already know that.  But because I am shooting 
it through water, this resistance [points at R] is a lot greater, and 
that will mean that if I want the same speed, the same motion I had 
before, I am going to need a lot more force.  So the greater this 
resistance, for let us say the same force ... 

I have got this backwards, don't I?  Never mind.  I am sorry.  I knew 
that did not make sense.  It has to be. 

    F "proportional to" V R 

For a given force, if you have big resistance, you are going to have 
less velocity.  Does everybody get that?  Nobody caught me on that 
stupid mistake, though. 

Student: If you double the force, does the resistance also double? 

If you keep the velocity the same, say I always shoot this thing so 
that the velocity is going to be the same, and I go from air to water. 
If the velocity stays the same, but I have a lot more resistance, I am 
going to have a lot more force.  So if I double the resistance, I have 
to double the force, if the velocity is the same.  Whenever you hold 
one of these constant, then the other will vary with the force. 

Student: I do not understand why the velocity would be multiplied by 
the resistance, because tbd five ounces of resistance, doesn't that 
make the velocity more?  Because you had five times 

[Time 1:10:00] 

whatever the velocity is? 

Do I get the question? 

Mrs. VanDamme: I get the question.  He is thinking of it as, if you 
increase the resistance, what is going to increase is the amount of 
force you need, not the velocity.  He is thinking if you multiply it 
together, doesn't it make the velocity go up?  But no, it makes the 
necessary force go up. 

Right.  Let us say I want the same velocity but I am increasing the 
resistance.  Then I just need more force.  If I do not put more force 
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on the object, then when I increase the resistance, the velocity has 
to go down. 

Let us say I start with, whatever the units here are, let us say I 
start out with a velocity of 2 and a resistance of 2.  Then I have a 
got a force of 4, right? 

    4 = (2) (2) 

If I double the resistance, and I keep the force the same, what is the 
velocity going to do? 

    4       (4) 

Student: It is going to go half as far. 

Yeah.  It has to go down to 1. 

    4   (1) (4) 

But if I decrease the resistance -- let us say I go from water to air 
-- if I decrease the resistance to 1, keeping the force the same, now 
all of a sudden I am going to get a higher velocity. 

    4   (4) (1) 

So, that is the way it works.  This is the Greek idea of motion.  The 
things that are relevant to determining the motion are the force on 
the object, and the resistance of the medium to the motion. 

Now notice that the Greek idea here is that, what happens if the force 
is zero, if you are not pushing on this thing?  What happens to the 
motion? 

Student: It becomes 0. 

Yeah. The Greek idea is that a force is required to make something 
move.  Now consider the bow and arrow case.  You pull the bow back, 
you let it go, and the arrow flies off.  Obviously the bow exerted a 
big force on that arrow right at the beginning to make it fly off. 
But now once it is in the air, and it is away from the bow, obviously 
the arrow keeps moving.  Now this is a problem for Aristotle's theory. 
Why does it keep moving?  Is there a force on it when it is flying 
through the air? 

Now Aristotle had to say yes.  He had an idea that as an object moves 
through the air, the air circles around it and rushes in behind it, 
and the air actually pushes it along.  Now that is not right, but this 
was a problem from the beginning with the Greek ideas concerning 
motion.  They could not really account for the fact that after you 
stop pushing on things, they keep moving.  And we will see eventually 
somebody that catches on to how important that is.  It is going to be 
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Galileo, 2000 years later. 

[Time 1:15:00] 

Oh, one question you might ask at this point is, I said that the 
Greeks believed that forces are required to cause motion.  Well, is 
that true even for natural motion?  It has to be true for violent 
motion.  Violent motion is the motion you get from pushing on 
something, but what about natural motion? 

The Greeks still thought that forces are required to cause the motion. 
This marker, when I let it go and it falls, what is happening in that 
case is that this thing, by its nature, it has an internal force, due 
to the fact that it is heavy.  And everything seeks its natural place 
towards the center of the earth, so that heaviness, that property that 
it has, exerts the force on it that makes it go down.  So force is 
really required to cause motion, according to the Greeks.  Natural 
motion is an internal force, and violent motion is an external force, 
a push.  As I said, much much later, Galileo would explain what is 
wrong with this theory, and start the whole subject of modern physics 
by doing that. 

OK, what else did the Greeks discover about the physical world that we 
can look back on and say, wow, that was an important discovery? 

A couple of things I want to tell you about.  Greeks made the very 
first observations on the subject of electricity and the subject of 
magnetism.  Again, it goes back to Thales, around 600 BC. 

    Thales (600 BC) 
        Electricity 

Thales knew -- first, on the subject of electricity, Thales knew that 
if you took a piece of fossilized pine resin -- we call it amber.  It 
is a solid goldish-brown material.  If you take this fossilized pine 
amber and you rub it, you can then use it to pick up little pieces of 
straw -- it will attract little bits of straw -- and sometimes even 
emit sparks.  What is happening here is basically the same things that 
happens on a dry day when you shuffle across the carpet and get a 
shock when you try to get into your car, on the metal door handle. 
You are picking up some static electricity.  So that is what this is. 

It turns out that this amber material -- it is just very easy to pick 
up static electric charge on it, if you rub it.  And the Greeks 
noticed very early on that this material could pick up little bits of 
straw at a distance!  You did not have to touch the amber to the 
straw.  You could hold it near the straw and the straw would attract 
and stick on the amber. 

Now this was shocking to them because here is a case where you do not 
have pushes and pulls.  It is like magic.  You hold it near an object 
and 
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[Time 1:20:00] 

it attracts the straw to it!  That was the first observation about 
electricity.  In fact, the Greek word for amber is "electron", 

            Greek word for amber is elektron 

which is where our word electricity comes from. 

Now another amazing observation that Thales knew about.  There was a 
material that was found in the Greek province Magnesia called 
lodestone. 

        Magnetism 
            Lodestone found in province of Magnesia 

This is an iron ore that is naturally magnetized, so these lodestones 
are magnets.  It had been noticed that these special rocks that were 
found in Magnesia attracted iron.  And you did not have to touch the 
iron to the magnet.  It would attract it over a distance by some 
seemingly magical means. 

But the Greeks did not believe it was magic.  They knew it was some 
property of this certain kind of ore in these rocks.  They even tried 
to explain it in terms of pushes and pulls.  The kind of motion they 
are observing in these little bits of straw here that are attracted to 
the amber, or in the iron that is attracted to these stones, now would 
that be natural motion or violent motion? 

Student: Natural? 

Why would it be natural?  In a sense, it seems natural.  You might say 
natural because there are no visible pushes and pulls on this iron 
that is moving toward the lodestone.  Nothing is pulling it.  It just 
moves. 

But, it can move sideways.  It is not moving up and down, the way the 
Greeks thought of natural motion of the earthly materials.  Because it 
only happened when you held the lodestone close to it, the Greeks 
thought, it has to be some kind of tricky violent motion.  Somehow 
these lodestones are stirring up the air, and causing that air to 
circle around in some way so as to pull those little bits of iron 
toward the magnet. 

This idea is wrong.  But again, it is a good try at an explanation, 
because they are trying to reduce it to things that they understand, 
pushes and pulls.  They are not just thinking, oh, this is some kind 
of magic associated with these rocks.  What would the Kuba say 

[Time 1:25:00] 
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if they found a lodestone and saw it attracting a piece of iron? 

Student: They would say the Woot who created stones is making it 
happen, or something. 

Right.  There was a Woot who created stones, and he is messing with 
our minds here!  He is doing some kind of magic on this iron.  It is 
the will of the Woot of stones that is operating here. 

The Greeks never even thought of saying something like that.  They 
knew that there was some special property that these stones have, and 
given that property, they have to act the way they act.  But, they 
want to try and explain it in terms of the kinds of pushes and pulls 
that they already understood, which is a good thing to try and do.  It 
just turns out to be wrong in this case, but you can see, they are 
being scientific in their approach. 

We will see, much much later, actually, probably next year, where thee 
basic ideas eventually go in modern science.  These initial 
observations made by Thales and others way back in 600 BC, eventually 
led to the electric lights that you see in this room, and the whole 
age of modern technology that we have today. 

Now Thales actually noted some interesting differences between 
electricity and magnetism.  At first, people thought, these two things 
are very, very similar, because they are both these magic-like 
attractive powers, these attractive powers that operate over distances 
by some invisible means.  But Thales pointed out that in the case of 
the lodestones, for instance, it would only attract iron.  But the 
amber would attract lots of different light objects.  The force is 
weak so the object has to be really light in order to get attracted to 
this piece of amber that you have rubbed.  And you had to rub amber to 
make this work.  You did not have to rub the lodestone.  So the Greeks 
noted these interesting differences between these two cases, along 
with the basic similarity. 

So that pretty much exhausts the Greek's knowledge of electricity and 
magnetism, and that subject would have to wait 2000 years before it 
got picked up again. 

Now I want to go back to Aristotle for a minute, and tell you 
something about what the Greeks knew.  We are going to start with 
astronomy next week, for now I want to tell you something interesting 
that the Greeks knew about the earth, that will help set up our 
discussion of astronomy next class. 

You probably heard that in the Renaissance when Columbus sailed to 
America, a lot of people thought that the earth was flat.  Have you 
heard that?  Well, it turns out that educated people had known that it 
was approximately spherical for a long, long time.  And Aristotle knew 
it.  I do not doubt that there were people in the Renaissance that 
thought the earth was flat, but they were uneducated.  The 
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[Time 1:30:00] 

Greeks knew it was round. 

Student: I think I have hard my Dad say that the Greeks had an 
approximate guess on the circumference and diameter of the Earth? 

Yeah.  You are getting a little ahead of me.  I do not know if I will 
get to that today or not.  But if not, we are definitely going to 
cover that next class. 

How did the Greeks know the earth was round?  It looks pretty flat, if 
you just look around.  What would you cite as evidence for the earth 
being round? 

Student: When the ships go out to sea, you see them sink into ... 

That is really excellent.  Did you ...? 

Student: I read about that somewhere. 

You read about that.  OK. 

Student: When you look into the sky, sometimes you can see it is kind 
of a little bit round? 

How can you see it is round? 

Student: Um.  Oh, never mind.  tbd 

You can easily take that perspective, if you already think of it as 
round.  And of course, you see the sun going across the sky, and for 
us, we automatically think it is going in this circle.  And it makes 
sense that the earth is a sphere. 

Remember, put yourself back in the position of people at the very 
beginning who do not know anything.  It is not obvious that the earth 
is round.  I will tell you one crazy myth that some ancient people 
believed was that the earth was a disc, and if you asked well what is 
the disc resting on?  What holds it up?  Since earth falls down, rocks 
fall down.  The answer was, it is on the back of a giant turtle.  One 
person that believed this was asked, what is the turtle standing on? 
And they said, that is a silly question.  It is turtles all the way 
down!  [laughs] 

So people believed all kinds of silly things, and the Greeks were the 
first to get the ball rolling in the right direction, and realized 
that it was a ball -- that the earth was spherical. 

What evidence did they have?  One of the first pieces of evidence they 
had is was what Niv said.  Greece is right on the Mediterranean Sea, 
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and they could see ships sailing out to sea.  And on a clear day, when 
you can see them going out for a long ways, you do not just see them 
get smaller and smaller until the whole ship disappears.  What you see 
is the whole ship, and then you start to see the hull slip below the 
horizon.  You can still see the mast of the ship.  You can see the top 
of the ship clearly, still, but now you can not the hull anymore.  It 
is sinking below the horizon.  It means that the ocean is falling off, 
it is curving.  So that gave people the idea that the surface of the 
earth is curved.  It is not flat. 

Now how would that curvature of the earth show up?  There was one 
other way that they could tell: by observing stars.  At night time, if 
you travel in the North-South direction -- let us say you are 
traveling North. 

[Time 1:35:00] 

As you travel North, if the earth is curved, what do you see, if you 
are paying attention to the stars on the horizon? 

As you travel North, you are going to see stars that you could not see 
before, because they were below the horizon, start to appear at the 
horizon.  New stars rising up, because of the curvature of the earth. 
You have an angle of view, as you go North and the earth curves, 
actually a picture would be helpful here. 

[See Figure 1.1 in notes] 

Here is the earth.  And there are all of these stars.  At first, we 
are here on the earth.  What stars can we see?  We can only see these 
stars, right?  Because that is our line of sight.  These stars over 
here -- the earth is blocking our view.  But when we get up here, now 
our line of sight is like that, so these stars that we could not see 
before, now we can see. 

Student: How could they keep track of which stars they had seen and 
which stars they had not?  How could they tell that that star was 
different than one they had seen earlier? 

Well, stars vary in position and brightness, so if there is suddenly a 
bright star low on the horizon that was not there when you were 
further South, you can certainly notice that.  There was also 
communication between different astronomers.  Let us say that there is 
some early astronomer and he is in Southern Greece, and he is in 
communication with an astronomer in Northern Greece, and they can 
compare notes on what they observed at the same time on a given night. 
The guy in Southern Greece is going to be able to see stars in this 
direction [the Southern sky] that his colleague in Northern Greece 
cannot see.  But the guy in Northern Greece is going to be able to see 
stars [in the Northern sky] that he [the Southern guy] can not see. 
So just comparing notes like that, they figured out that the earth has 
to be curving in order to explain this. 
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Student: Wouldn't it have to be farther than just Southern and 
Northern Greece, because Greece is not that big? 

No, this is a noticeable effect over miles, certainly.  I do not know 
what kinds of distances they had.  But, for example, in Aristotle's 
day, there were certainly astronomers in Egypt in Alexandria, and 
astronomers in Northern Greece, so those locations are far enough 
apart so that this would have been apparent. 

Student: How do we know this is what the Greeks believed?  Are there 
written accounts of it? 

Yeah.  Aristotle actually wrote up the evidence for the earth being a 
sphere. 

Student: So wouldn't that have been lost in the Dark Ages, because 
this was obviously before the Dark Ages. 

No.  Aristotle's work survived.  A lot 

[Time 1:40:00] 

of the writings from Ancient Greece obviously were destroyed. 

Student: So what is the theory of the people ... and so the people 
basically became dumb around the area of England?  Going over and 
trying to find China and all that?  They did not believe Aristotle's 
accounts?  The English and the Spanish and all the tbd.  Wouldn't 
those accounts have been lost in the Dark Ages, for them to have 
thought that? 

Certainly educated people in Greece knew the earth was round.  Then 
there was a long period when that knowledge was lost to the general 
public.  And even during the Renaissance, I think there was a large 
number of uneducated people that had not yet caught up with the Greeks 
yet. 

Student: So did Columbus maybe stumble upon Aristotle's writings, or 
...? 

I do not know the history of Columbus very well, but I would be 
surprised if he did not know the earth was round.  He did not know 
where he was going exactly, but he knew he was on a round earth. 

Keith: He was wrong about the circumference of the earth.  He thought 
it was much smaller than it is. 

Right. 

Keith: Which is why he thought he could get to India. 
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Yeah.  So he did not know what we are going to learn next week about 
the size of the earth, which the Greeks also knew.  Certainly within 
less than a hundred years after Aristotle, the Greeks knew the size of 
the earth. 

Let me get these reasons down.  The first reason Aristotle gives for 
evidence for the earth being spherical is the ships sailing away. 

    1) Ships sailing away -- hulls dip below horizon when sail still 
       visible. 

Mrs. VanDamme: They should re-title this as evidence tbd 

Oh, right.  Good point. 

    Aristotle's Evidence for Spherical Earth 

Second, as one moves north, stars rise above Northern horizon and 
disappear below southern horizon. 

    2) As one moves North, stars rise above Northern horizon and 
       disappear below Southern horizon. 

And I have saved the best for last.  During a lunar eclipse -- that is 
an eclipse where the earth is between the sun and the moon, and you 
can actually see the shadow of the earth on the moon -- and what do 
you see?  You see the shape of the shadow 

[Time 1:45:00] 

is a circular arc. 

Student: How often is a lunar eclipse? 

How often is a lunar eclipse?  That is a question for Keith. 
Actually, they are fairly rare.  They do not happen all of the time, 
but they happen often enough. 

Keith: Well you can use a partial eclipse, too. 

You do not need a full eclipse.  If you see any part of shadow on the 
moon, you can see that circular shape, that circular arc.  They are 
not so uncommon.  I think we have all seen them, right?  So it is 
every, I don't know. 

Keith: Every ten years. 

Yeah.  Five or ten years. 

Tom: Because they happen pretty often.  One will be in Africa next 
month. 
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In this case, we need eclipses that are visible to Greece.  That maybe 
only happens once every ten or twenty years, but it still happens 
often enough so people knew about. 

So that is striking evidence.  It is really convincing, right?  If you 
can see the shadow of the earth on the moon, and see that circular 
arc, that should convince you that the earth has to be a sphere. 

    3) Shadow of Earth on moon is circular arc (during lunar eclipse) 

And Aristotle lays all this evidence out very clearly in one of his 
books.  What we will find out next time is the Greeks actually knew a 
lot about astronomy.  They were the first great astronomers.  They did 
not make a lot of progress in physics as we have seen -- their ideas 
of matter and motion were wrong -- but in astronomy, we will see they 
made a lot of progress. 

[Time 1:47:56]
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