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 We’ll be finishing our discussion of the Copernican revolution today.  We’ve been 

discussing Isaac Newton.  I think I showed this portrait of him yesterday.  Whether he 

actually looked like that, I don’t know.  Many of the pictures of these scientists that lived 

hundreds of years ago have been embellished or changed after the fact.  Some of ‘em 

were painted 50 years after they died, so you never actually know whether the person 

looked exactly like this.  But he looks heroic enough so that’s probably Isaac Newton. 

 As I mentioned, Newton spent a lot of time studying Kepler’s laws and Kepler’s 

writings.  He spent time studying Galileo’s discoveries.  He also spent time studying 

Galileo’s physics which I haven’t spent much time talking about but I will be mentioning 

today.  He also studied Copernicus’s book.  He thought about Giordano Bruno’s ideas 

that the universe was extremely large.  He looked at Tycho Brahe’s observations to see 

how accurate they were.  And so he essentially restudied all of those things that had been 

discovered during the past 100 years or so. 

 And he began to realize that it all fit together into one coherent idea, one coherent 

picture of the universe.  And he came up with what we now call Newton’s Laws of Motion 

and Gravitation.  At the time, I don’t think he called them Newton’s Laws; he just referred 

to them as important properties.  But we’ll discuss them one at a time. 

 Now, it could be a little confusing.  Kepler had three laws and so does Newton.  So 

you’ll try to remember which is which.  Keep in mind that Kepler’s three laws are laws of 

planetary motion.  Kepler was talking specifically about the motion of the  planets.  Newton 

is talking about laws of motion in genera.  Any objects, not just planets.  Could be 

baseballs, airplanes, you name it.  Any kind of objects that are moving obey these laws. 

 Now, the first law essentially says an object stays at rest or in constant motion 
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unless an unbalanced force acts on it.  That is the way the author of your text has stated 

the law, but there are actually many different ways of stating it.  So just to show you some 

of the differences, I took a statement from another text, one that I’ve used in the past, and 

you notice that it says in the absence of external unbalanced forces objects have a 

tendency to keep doing what they’re doing.  Those two statements are saying the same 

thing but in slightly different words. 

 The first thing you should notice about both statements is no force.  Both 

statements are saying in the absences of forces.  So we’re talking about something 

happening without forces.  Objects tend to move as they have been moving if there are no 

forces present.  Or objects at rest -- which is a sort of motion; it’s a non-motion — stay at 

rest if there are no forces present.  Essentially this is a discussion of constant motion.  

And for the words constant motion you should think about the term velocity.  Velocity is 

really a speed in a particular direction.  So it’s not just speed.  Sometimes you talk about 

the velocity of an object.  You’re really not thinking about its direction.  But there is a 

direction with velocity. 

 And so an object in motion will keep going in the same direction at the same speed 

unless it’s acted on by an external unbalanced force.  Now, what does all that mean?  

Unbalanced means the force has to come from one direction.  If I push on something 

equally from two opposite directions, that’s balanced.  So there’s no unbalanced force.  

But if I push on it from one side, that’s unbalanced.  So as long as the forces are balanced, 

nothing changes.  But if you have an unbalanced force — now, maybe I should even 

define what a force is.  It’s a push or a pull on an object.  Fairly straightforward.  You’ve 

probably heard the term before and you’re familiar with it. 
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 That word tendency that’s in the second definition up there has the formal 

definition or the formal term that’s used for it is inertia.  A tendency is an inertia.  Now, we 

use that term inertia but we don’t quite use it in the way a physicist uses it.  The inertia that 

Galileo, who actually invented the term, was talking about and Newton, who turned it into 

a law, was talking about is actually this tendency to want to keep going.  Some objects 

have more inertia than others. 

 For example, if you saw a bicycle rolling down the road by itself, you might be quite 

surprised.  You might run over to stop it from rolling by itself.  You might grab it and try to 

bring it to a stop.  If you saw an 18-wheeler rolling down the road by itself, I don’t think 

you’d run over to try to push on it to stop it.  You would know right away that it had more 

tendency to keep moving than the bicycle did.  So it has more inertia. 

 Now, we want to be able to measure this inertia, this tendency, so how are we 

going to measure it?  We measure it with a term we call momentum.  It’s a measure of 

inertia.  Now, I should also point out that there are two kinds of motion we have to worry 

about here.  Straight line motion, something going in a straight line, but we also have that 

kind of motion that the Greeks and Copernicus dealt with: rotation.  Spinning of an object.  

That’s motion.  And so if it’s a slightly different kind we call it angular motion because it’s 

turning through an angle.   

 So we have these two kinds of motion.  We can refer to both of them as momentum.  

Momentum is a measure of the inertia we’re discussing.  And so we have linear 

momentum, a tendency to keep going straight, or we have angular momentum, a 

tendency to keep spinning.  Newton’s first law says that without outside forces on an 

object, it keeps doing what it’s doing.  So if the earth is turning on its axis, unless a force 
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acts to change that turning, the earth will keep turning.  It keeps doing what it’s doing.   

 This is not the way Aristotle saw things.  Aristotle, 2000 years before, thought that 

objects had a natural tendency to stop.  Now, he saw that because everything he noticed 

did that.  If you had a wagon going down the road and the horses stopped pulling, the 

wagon came to a stop.  If you were trying to roll something and you stopped pushing on it, 

it came to a stop.  So it was Aristotle’s belief that everything wanted to come to a stop.  

Whereas Newton said, you know, everything wants to keep doing what it’s doing.  If it’s 

moving, it wants to keep moving.  

 Now, why is there such a big difference here and why would one come up with one 

idea and one the other?  What Aristotle did not know about was friction.  He did not 

understand what friction was.  But Newton did.  Now, why did Newton understand?  

Because Galileo had done experiments with friction.  Galileo had started sliding things on 

tables to see how far they would slide before they came to a stop.  And then he would 

polish the table and slide something again.  And he discovered that as he polished the 

table, the object would slide farther and farther.  And he realized that if he could polish that 

table so it was perfectly smooth, that he  could slide something right across the table and it 

wouldn’t stop at all.  So he realized the only thing that was stopping an object was the 

roughness which he called friction. 

 And so Newton realized that in the absence of friction which is a force — it’s a push 

or a pull; it’s a roughness — that an object would just keep moving.  That its natural 

tendency was not to stop; it was being forced to stop -- notice I use the term force -- being 

forced stop by friction.  So in the absence of friction, an object will keep moving. 

 This simplified our whole concept of why the planets move.  Everybody was 
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worried that if you had planets moving, you had to have something pushing them.  Even 

the Greeks worried about that.  That’s why they said that the planets didn’t have any 

weight.  Because if they had weight, then they worried that something would have to push 

them to keep them moving.  But with no weight, they could move very freely. 

 Well, Galileo showed that the moon was just like the earth.  It’s made of heavy 

material probably and so probably all the other planets were made of heavy material.  And 

so people began to worry how do you make these planets move unless you can see 

something pushing them?  And Newton said you don’t need anything pushing them.  They 

will keep moving unless something tries to stop them.  The earth will keep spinning on its 

axis forever unless some force, some friction or something, tries to stop it.  And in the 

absence of those forces, which is what the first law is all about, the objects will keep 

moving. 

 So the earth can keep going around the sun, the earth can keep turning on its axis, 

the sun can keep turning on its axis as Galileo had determined.  No problem.  Nothing has 

to be pushing it.  It just goes on its own.  So this was a major change in the way people 

looked at things and it was first thought up by Galileo in doing his experiments, his idea 

that this tendency kept things moving, and Newton then stated it as a law of nature.  Is 

that clear?  Any question on that? 

 Now we come to Newton’s second law.  Now, the first law says in the absence of 

forces.  The second law says, okay, what if we have forces?  Then what?  So it follows 

right from the first law.  If we go to the second law, it has something to do with forces.  And 

the first definition here of Newton’s second law is taken from your text.  An object 

responds to a force — in other words, if there is a force — with an acceleration that is 
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proportional to the force and in the direction of the force, and inversely proportional to the 

mass. 

 So what we’re saying is there’s an acceleration.  Now, notice there’s another 

definition below that which is taken from another text, just to show you that you can state 

it in a different way.  The presence of a net force on an object experiences an acceleration 

that is directly proportional to the force and inversely proportional to the mass of the object.  

Acceleration — what is an acceleration?  It’s a change of velocity.  The first law mentions 

objects having a tendency to keep moving, to  keep the same velocity.  If you have a force, 

you change the velocity, you have an acceleration.  So forces cause accelerations. 

 The acceleration, how much it’s accelerated, depends on mass and the amount of 

force.  So we have two equations here — actually it’s one equation written two different 

ways.  The equation on the left — A = F over M — is just a way of writing in equation form 

what has been stated above in words.  If you have a force the object experiences an 

acceleration — that’s A.  The acceleration is directly proportional to the force — A = F.  

Directly proportional means goes up as they both go up together.  And inversely 

proportional to the mass.  Inversely means something else is in the denominator.  So the 

mass is in the denominator.  As the acceleration goes up, the mass must go down.  Or, as 

the mass goes down, the acceleration goes up.  Directly proportional means they both go 

up or down together.  Inversely proportional means as one increases the other decreases.  

Got that?  So we’re talking about the acceleration of an object, its change in velocity. 

 Now, I’ve written it two different ways here.  The law actually states the way it’s 

written on the left.  But most of the time in most books and if somebody were to say, “Okay.  

What is Newton’s Second Law?” a  lot of times it’s just written the way it is on the right.  
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And if you read the law and then look at the way it’s written on the right, it may be a little bit 

confusing ‘cause it’s not so obvious about what is inverse and what is direct.  So the way 

on the left actually is a little clearer and follows the statement of the law.  It’s just an 

equation, fairly simple equation. 

 If I have a certain amount of force, I can get a certain amount of acceleration from 

it, a certain change in velocity.  Keep in mind velocity is a speed in a direction.  An 

acceleration can be a change in speed or it can be a change in direction.  You could keep 

the same speed but change your direction and you’re still accelerating.  Or you can 

change speed and direction.  So it’s either or.  Change speed or direction or both.  Yes? 

Student: By the same formula, do scientists use this to estimate the mass of 

planetary objects? 

 You could.  If you knew the force on an object and you saw its acceleration, you 

could calculate its mass.  Yeah.  If you know any two of those, you can calculate the third 

one.  Usually we know the mass and the force and we calculate the acceleration, but you 

can calculate any from either two. 

Student: So do they specifically use this one or do they use something else 

to -- 

 Actually, to determine the mass of a planet, you could use the force of gravity of 

that planet as it accelerates a spacecraft going by the planet.  That’s the most accurate 

way.  Because the spacecraft, as it goes by the planet, will be accelerated, will change its 

motion, and you can calculate the amount of acceleration and then determine the mass.  

Yes, that is actually the way it’s done quite often. You can also use Kepler’s Third 

Law but we haven’t talked about that in that form yet.  I’ll talk about that later. 
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 Kepler’s — not Kepler’s.  Newton’s Second Law has to do with accelerations and 

forces.  Now we come to his third law — again, a law of motion — and I’m sure you’ve 

probably heard this one but it may be the one that’s hardest to visualize.  The way the 

author of your text states it, “For every force on an object there is an equal and opposite 

reaction force.”  So again we’re talking about forces.  Notice that sometimes it’s just stated 

as all forces are mutual.  That’s not quite as clear.  It’s not quite as obvious what that word 

mutual means.  It’s also stated quite often as for every action there is an equal and 

opposite reaction.  Well, that’s not quite so clear as to what action and reaction mean.  

We’re really talking about forces here.  And so I like the way the author of your text has 

stated it: “For every force on an object there’s an equal and opposite reaction force.”  

 In other words, if I push on this podium — I move it — it pushes back on me.  Now, 

it’s not obvious.  You have to watch me carefully.  When I push on it, I go backwards.  It 

goes forward, I go back.  Notice that?  How do I go back if I was pushing this forward?  

Because this podium pushes back on me with an equal and opposite reaction force.  It 

reacts to my pushing on it and it pushes me back.  Now, sometimes it may not look like 

there are forces in both directions because you may not see any motion in both directions.  

In this particular case, when I push on the podium, you can see it move and you can 

probably see me move backward a little bit.  If I walk over to this table and I push on the 

table, it didn’t move.  You see me move but not the table.  And so it may not look like there 

was a force on the table.  Although I think if you consider it for a second, you realize I was 

pushing on the table but the table didn’t move.  Why?  Excuse me? 

[Student response inaudible] 

 No, the forces are equal but the masses are not.  Remember the second law?  The 
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acceleration is inversely proportional to the mass.  If you have a very large mass, if you 

have a very small acceleration -- this table weighs a lot.  It’s got a lot of mass.  And so 

when I push on it, I don’t accelerate it at all essentially.  It accelerates me.  I don’t have as 

much mass.  And so sometimes it’s not obvious that the law is working because you kind 

of expect to see both things move.  That only happens when the masses are comparable.  

I put a force on this; it has an acceleration that’s directly proportional to the force and 

inversely proportional to its mass.  It puts a force back on me that is directly proportional to 

the force, to the acceleration, and inversely proportional to the mass. 

 So when things are about the same mass, both move.  When things are very 

different masses, the one with the lowest mass does the most moving.  Now, think about 

that for a second.  If you’ve got two objects pushing on each other, the one with the lower 

mass does the more moving.  That will be important in a minute.  The implication of this — 

and it takes a while to think about this.  The implication of the Third Law, that when you put 

a force on an object that puts a force back on you, is that changes of momentum — which 

is what forces do; they change momentum — are really transfers of momentum. 

 The momentum is the tendency to keep moving.  If you’ve put an acceleration on 

an object, put a force on it and accelerate it, you are changing its motion so you’re 

changing its momentum.  You’re changing its tendency.  But if the forces are always 

opposite, if I change an object’s momentum in one direction, it changes my momentum in 

exactly the opposite direction.  So all we’ve done is redistribute the momentum.  We 

haven’t created it and we haven’t destroyed any of it.  We just moved it around.  So it’s 

really just a transfer of momentum, not the creation of it.  I don’t create the movement.  All 

I do is redistribute it.  That may be hard to visualize what I’m getting at there.  Momentum 
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is transferred by forces, not created or destroyed.  Because the forces always go in both 

directions.  And the object that does the most moving in any transfer is the one with the 

lowest mass. 

 Now, Newton also came up with the law of gravitation.  We’ve been talking about 

laws of motion.  We’ve been talking about forces changing the motion.  Well, he realized 

that one force that changes a lot of motion is the force of gravity.  People knew there was 

gravity.  Even Aristotle knew there was gravity.  Things fell.  The question was, why and 

how did it work?  And Newton thought about it and, as I mentioned in the last class, he 

actually looked at the moon moving sideways and thought about the fact that it should fall 

toward the earth, and he was actually able to work out a law of gravitation based on the 

motions that he saw and based on the motions that Kepler had measured.  He used 

Kepler’s three laws to kind of work out his own law of gravitation.  And that law of 

gravitation is as follows: The force of gravity is directly proportional to the masses of the 

objects and inversely proportional to the square of the distances between the objects. 

 Now, what he’s getting at is that gravity is between any objects.  Aristotle only 

thought gravity was to the center of the earth.  He thought there was only one gravity.  

Everything fell toward the center of the earth.  Newton said no, gravity is a property of 

mass.  Anything with mass, any objects with stuff, is going to have gravity.  Now, he 

couldn’t prove this.  He just made this assumption that everything had gravity.  And so the 

moon has gravity, the earth has gravity, the sun has gravity.  But if he made that 

assumption, then he could understand why the moon would go around the earth, the 

earth would go around the sun.  He could work out all the details.  So it was a good 

assumption, as far as he was concerned, because it seemed to fit what was happening. 
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 If you have a force between two objects, which we’ll call gravity — now, it could be 

a force of something being dropped, this object and the earth.  It could be between the 

earth and the moon, could be between an apple and the earth.  So all the same thing.  

And so he determined that the equation that worked for this force showed that the force 

was directly proportional — in other words, if the force increases, the masses have to be 

larger or if the masses increase, the force has to be larger and inversely proportional to 

the square of the distances of the objects apart.  So if objects are farther apart, the force 

of gravity between them is weaker. 

 Now, how did he get that?  He got that from Kepler’s measurements.  Kepler 

discovered that planets move faster when they’re closer to the sun and slower when 

they’re farther away.  And Newton said, “Okay.  The force has to have something to do 

with the distances apart.  As the objects get closer, there’s more force.  The planet has to 

move faster.  As the objects are farther away, there’s less force and the objects have to 

move more slowly.”  And he just said, “Okay.  How is this gonna work so that things speed 

up and slow down according to the way Kepler measured them?”  It had to be the square 

of the distance apart for it to work.  And so he came up with up by looking at Kepler’s 

measurements. 

 And this equation has a letter G in it.  Now, what is that?  That’s called the constant 

of gravitation and it essentially just gives you the unit of how strong the gravity is, how 

much force are you gonna get for a certain amount of mass at certain distances apart.  So 

it just tells you how much there’s gonna be.  Constant of gravitation.  It’s a fairly simple 

equation.  It’s not as simple as Second Law, but it could be much more complicated.  It 

has the two masses of the two objects, one multiplied by the other, and it has their 
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distances apart.  It’s about as simple as you can get.  And so you can calculate the force 

of gravity between any two objects: moon and earth, earth and sun, Jupiter and its moons, 

two at a time, the sun and Jupiter, all of these. 

 Now, if you have a force between two objects, think moon and earth.  Force is 

equal.  The third law of motion says that the two forces are equal.  The moon is pulling on 

the earth just as hard as the earth is pulling on the moon.  You may say, “Hey, wait a 

second.  The earth has a lot more mass.  It’s gonna have more gravity.”  But it’s working 

on a smaller object.  It’s working on a small object like the moon so it only has a certain 

force on the moon.  The moon is working on a much bigger object and so its force is 

equal. 

 So they’re both pulling on each other with the same force.  Which one has more 

mass?  The earth.  So which one is going to do the most moving?  The moon.  The moon 

does most of the moving because it has less mass than the earth.  It’s the only reason.  

The moon only has about 1/80th the mass of the earth.  It does 80 times as much of the 

moving.  Why does the earth go around the sun instead of the sun going around the earth?  

It’s not because Ptolemy was right or wrong, or Copernicus was right or wrong.  It’s 

because the sun has more mass than the earth does.  And so they’re both pulling on each 

other with equal force but the earth has much less mass than the sun and so it does most 

of the moving.  Fairly straightforward. 

 I’m now gonna show you a video, which lasts for about 15 minutes, which 

describes Newton’s laws, shows them in action up in space, and will, I hope, clarify some 

of these concepts. 

VIDEO 
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On three separate missions a crew was launched into orbit to dock with the orbiting 

Skylab and to occupy this 100 ton spacecraft for one to three months.  I was the 

scientist pilo t on the second mission and my name is Owen Garett.  This is the 

ward room of our Skylab simulator, a nearly exact replica of the real spacecraft 

which is still in almost circular orbit around the earth. 

The main purposes of the Skylab missions were to show that human beings could 

live and work effectively in space for extended periods of time, to conduct 

experiments in basic and applied science, and in weightless conditions above the 

earth’s atmosphere.  We also took thousands of photographs of the earth to survey 

its resources and studied the sun in order to better understand its variable and 

highly dynamic behavior. 

 In general, we found it pretty easy to adapt to living and working in this 

weightless environment.  But we did have a few adjustments to make.  We also 

took advantage of our weightless or zero-G condition to demonstrate some of the 

basic laws of nature for science students in ways that were difficult or impossible to 

duplicate here on earth. 

I think we marvel at phenomena like these partly because they just plain look 

strange and partly because they remind us that we take for granted the force of 

gravity and the existence of inertia.  We may also be amazed by the fact that a 

feather and a hammer are accelerated at the same rate by the gravity of the moon.  

Since the moon has no atmosphere to slow them down, they hit at the same time.  

We tend to forget the importance of Newton’s realization that any two objects 

attract each other, that gravitation is a universal principle not confined to the earth. 
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In other films of this series we will explore the many phenomena in zero-G and use 

some of them to illustrate some of the basic laws of nature.  Now, I’d like to start 

examining the phenomena of zero-G itself by asking a simple question: Why did I 

feel weightless up in Skylab?  Some people might answer Skylab was so high as to 

be beyond the earth’s gravitational pull.  This answer is quite wrong.  At an average 

orbital height of 435 kilometers, we were only a few percent further from the center 

of the earth than you are today.  The gravitational force pulling us toward the 

earth’s center was only about 12 percent less than it would’ve been on the ground.  

Most of the time the force of gravity was the only significant external force acting on 

us.  Why, then, do we use the term zero-G? 

 To understand why, let us examine the motion of a satellite.  The little 

cannon will serve to simplify our explanation just as it did for Sir Isaac Newton 

when he first announced the laws of gravitation and motion.  If the cannon is fired 

in the vacuum of space and is also free from the gravitational pull of another body, 

the cannonball, in compliance with Newton’s first law of motion, would travel in a 

straight line forever at a constant speed. 

Now, when we introduce a small planet, another of Newton’s laws, that of universal 

gravitation, comes into play.  This time the cannonball, under the influence of 

gravity, will fall back to the surface of the planet.  If we increase the powder charge 

and fire the cannonball at a greater speed, it may even travel most of the distance 

around the planet before gravity pulls it back to the surface. 

Now, if the initial velocity is made precisely correct, the gravitational acceleration 

toward the center of the planet will produce a curved projectory which exactly 
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matches the curvature of the planet’s surface.  The cannonball is now in orbit.  The 

same holds true for orbiting space vehicles which usually follow an elliptical path 

around a planet.  As with the cannonball, a planetary orbit is the result of a balance 

of forces: gravity constantly accelerating the satellite toward the planet’s center 

and inertia, the tendency of the satellite to move in a straight line.  

We may say the satellite and everything in it are continually falling together since 

they are merely responding to the force of gravity.  Since gravity accelerates 

satellite astronauts and assorted baggage equally, they have no noticeable 

acceleration toward or away from each other.  Unless some non-gravitational force 

is acting, such as a muscular push or pull, everything inside the spacecraft remains 

at relative rest.  This explains what you see in orbit.  Or, for another example, in the 

Apollo spacecraft coasting toward the moon.  Again, gravitation is the only force 

acting.  

At a certain point on the weight of the moon the gravitational force of the earth and 

the moon nearly balance each other.  The crewmen felt no different at this spacial 

point because they were always in free fall for the entire trip.  As long as gravitation 

is not opposed by any other force in space, you feel weightless.  The sensation we 

call weight is caused by the pressure of uneven support, by gravity being opposed 

by the upward force of a chair or the floor.  The feeling of weightlessness is similar 

to what you feel underwater where your body is evenly supported.  But there are 

important differences because even in neutral buoyancy you still have many ways 

to distinguish up and down. 

In orbit these minnows could not orient themselves and frequently swam in tight 
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loops during their entire lifetime in Skylab which was about a month.  Even though 

they had spent their whole life in the water, weightlessness was a new sensation 

for them and they responded in this very unusual manner.  Weightlessness of orbit 

can be exactly duplicated for almost 30 seconds if the vertical flight path of the 

aircraft follows a parabolic arc. 

So zero-G means the absence of support forces.  It means free fall, a spacecraft 

following an unconstrained track through space.  In Skylab it was much easier to 

appreciate the meaning of the basic principles which we now call Newton’s laws. 

  “My first law states that a body remains at rest or moves with constant 

velocity unless acted upon by an external force.” 

“My second law states that the acceleration of a body is proportional to the net 

force exerted on them.” 

We found it quite easy to move equipment which would’ve been far too heavy for 

one man to handle on the ground.  This gave us a real feeling for the way in which 

inertial mass resists the application of force.  Inertial mass is the constant of 

proportionality in Newton’s Second Law. 

“My third law states when the body exerts force on a second body, an equal and 

opposite force is exerted by the second body on the first.” 

Here Alan Bing is exerting a force on the walls of Skylab which produces a 

noticeable shaking of the image through one of our solar telescopes.  The wall 

exerts an equal and opposite force on him.  Small thrusters in this astronaut 

maneuvering unit exert forces on the gas particles expelled.  The motion of the unit 

results from the equal and opposite forces exerted by the gas particles on the 
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thrusters. 

In the zero gravity environment, we could demonstrate many phenomena 

impossible to see on earth, some with important practical applications such as 

growing semi-conductor crystals. The effects you see are strongly influenced by 

surface tension forces.  On earth these forces are overpowered by gravity.  But the 

most remarkable effect in zero-G is the freedom of body motion in all three 

dimensions.  Actually, everything we were doing in Skylab was an experiment in 

physics and it was also a real opportunity for wonder and fascination. 

 

 


