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hen I was back in college, there was a course titled Physics for Poets.

At a school where I taught physics, the same kind of course was re-

ferred to by the students as Football Physics. The theory behind hav-
ing courses like these was that poets and/or football players, or basically anyone
who wasn’t a science geek, needed some kind of watered-down course because
most of the people taking the course were—and this was generally true—SCARED
TO DEATH OF SCIENCE.

In many years of working in education, I have found that the vast majority
of elementary school teachers, parents who home-school their kids, and parents
who just want to help their kids with science homework fall into this category.
There are lots of “education experts” who tell teachers they can solve this problem
by just asking the right questions and having the kids investigate science ideas
on their own. These experts say you don’t need to understand the science con-
cepts. In other words, they're telling you to fake it! Well, faking it doesn’t work
when it comes to teaching anything, so why should it work with science? Like it
or not, you have to understand a subject before you can help kids with it. Ever
tried teaching someone a foreign language without knowing the language?

The whole point of the Stop Faking It! series of books is to help you under-
stand basic science concepts and to put to rest the myth that you can’t under-
stand science because it’s too hard. If you haven’t tried other ways of learning
science concepts, such as looking through a college textbook, or subscribing
to Scientific American, or reading the incorrect and oversimplified science in an
elementary school text, please feel free to do so and then pick up this book. If
you find those other methods more enjoyable, then you really are a science geck
and you ought to give this book to one of us normal folks. Just a joke, okay?

Just because this book series is intended for the nonscience geck doesn’t
mean it’s watered-down material. Everything in here is accurate, and I'll use math
when it’s necessary. I will stick to the basics, though. My intent is to provide a
clear picture of underlying concepts without all the detail on units, calculations,
and intimidating formulas. You can find that stuff just about anywhere. Also,
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I'll try to keep it lighthearted. Part of the problem with those textbooks (from
elementary school through college) is that most of the authors and teachers
who use them take themselves way too seriously. I can’t tell you the number of
times I've written science curriculum only to have colleagues tell me it’s “too
flip” or “You know, Bill, I just don’t think people will get this joke.” Actually, I
don’t really care if you get the jokes cither, as long as you manage to learn some
science here.

Speaking of learning the science, I have one request as you go through this
book. There are two sections titled Things to do before you read the science stuff
and The science stuff. The request is that you actually DO all the “things to do”
when I ask you to do them. Trust me, it’ll make the science easier to understand,
and it’s not like I'll be asking you to go out and rent a superconducting particle
accelerator. Things around the house should do the trick.

As you go through this book, you'll notice that just about everything is
measured in Systéme Internationale (SI) units, such as meters, kilometers, and
kilograms. You might be more familiar with the term metric units, which is basi-
cally the same thing. There’s a good reason for this—this is a science book and
scientists the world over use SI units for consistency. Of course, in everyday life
in the United States, people use what are commonly known as English units
(pounds, feet, inches, miles, and the like). The only time I'll use English units
is when it would be silly to do otherwise, such as giving the speed of a car in
miles per hour rather than kilometers per hour. If SI units really baffle you,
there are a few easy conversions you can make to English units. There are about
1.6 kilometers in a mile, there are about 3 feet in a meter, and a 1 kilogram mass
has a weight of about 2 pounds.

The book you have in your hands, Force and Motion, deals with—get ready
for a surprise—force and motion. Ill address how to describe the motion of
things as well as how Isaac Newton viewed the relationship between forces, and
between forces and changes in motion. Then, after two chapters on the force of
gravity and circular motion, I'll do my best to pull most of the ideas together
by describing how you would go about getting a rocket ship to the Moon. You
will notice that this book is not laid out the way these topics might be addressed
in a high school or college textbook. That’s because this isn’t a textbook. You
can learn a great deal of science from this book, but it’s not a traditional ap-
proach.

One more thing to keep in mind: You actually CAN understand science. It’s
not that hard when you take it slowly and don’t try to jam too many abstract
ideas down your throat. Jamming things down your throat, by the way, scemed
to be the philosophy behind just about every science course I ever took. Here’s
hoping this series doesn’t continue that tradition.
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> INKS.

THE WORLD’S A CLICK AWAY
v

The Stop Faking It series brings you sc/LINKS, a new project that blends the two
main delivery systems for curriculum—books and telecommunications—into a
dynamic new educational tool for children, their parents, and their teachers.
sciLINKS links specific science content with instructionally-rich Internet
resources. sciLINKS represents an enormous opportunity to create new pathways
for learners, new opportunities for professional growth among teachers, and new
modes of engagement for parents.

In this sc/LINKed text, you will find an icon near several of the concepts being
discussed. Under it, you will find the sciLINKS URL (www.scilinks.org) and a code.
Go to the sciILINKS website, sign in, type the code from your text, and you will
receive a list of URLs that are selected by science educators. Sites are chosen

for accurate and age-appropriate content and good pedagogy. The underlying
database changes constantly, eliminating dead or revised sites or simply replacing
them with better selections. The sciLINKS search team regularly reviews the
materials to which this text points, so you can always count on good content
being available.

The selection process involves four review stages:

1. First, a cadre of undergraduate science education majors searches the
World Wide Web for interesting science resources. The undergraduates submit
about 500 sites a week for consideration.

2. Next, packets of these web pages are organized and sent to teacher-
webwatchers with expertise in given fields and grade levels. The teacher-
webwatchers can also submit web pages that they have found on their own.
The teachers pick the jewels from this selection and correlate them to the
National Science Education Standards. These pages are submitted to the
sciLINKS database.

3. Scientists review these correlated sites for accuracy.

4. NSTA staff approve the web pages and edit the information provided for
accuracy and consistent style.

sciLINKS is a free service for textbook and supplemental resource users, but
obviously someone must pay for it. Participating publishers pay a fee to NSTA for
cach book that contains sciLINKS. The program is also supported by a grant from
the National Aeronautics and Space Administration (NASA).
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his first chapter deals with one of the most basic principles of motion,
which happens to be known as Newton's first law. Not coincidentally, it

has something to do with Isaac Newton. It’s a nice law to start out with
because it doesn’t require any math and, after all, it is the first law. Just about

cvery textbook I've seen spends very little time on Newton’s first law, presum-
ably because it’s so basic and obvious. You'll find out, though, that at least part
of the law is far from obvious.

This chapter is also our first step toward understanding what science knowl-
edge you need to plan a trip to the Moon. Not that you necessarily wanted to
go to the Moon, but since each chapter builds on previous ones, the Moon-trip
chapter (the last one) seemed a fun way to tie everything together. So if you
thought you were going to skip around and maybe hit the Moon trip before
going through everything else, forget about it!

Must be his first.

\ / | Maternity |

Newton’s Ist
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Center an index card over the top
of a glass, and place a coin in the
middle of the index card (on top
might be a good place). Using just
one or two fingers, flick the card
from the side.

Figul'e 1.1

If you do your flicking just right,
the card should fly to the side and s
the coin should fall into the glass.
Ah, yes, science is magic.

Now place the coin on a flat,
level surface. Watch it for a while, say
about five minutes. Notice whether
or not it starts moving all by itself.

You have just demonstrated for yourself the first part of Mr. Newton’s first law,
which is that objects tend to remain at rest unless you hit them.
Okay, so Newton didn’t say it that way. I’ll give you the fancy language later.
Hopefully the coin didn’t move as you watched it on the flat surface. The index
card didn’t stay where it was because you hit it, but the coin on top of the card
stayed where it was (because you didn’t hit it), at least until gravity pulled it into
the glass.

Easy stuff, right? Told you science wasn’t hard.

Grab a few things from around the house—some you can roll across the floor
(a ball, a toy car, a rolling pin, a glass) and some you can slide across the floor
(a book, a block of wood, that fruitcake left over from the holidays—yes, it is
frightening that Uncle Wally hasn’t left yet.) Roll and slide these things across
various /evel surfaces, such as tile and carpet. Watch carefully what happens. What
do they do? Speed up, slow down, stop, keep going forever? Go outside and try
it where you’ve got lots of room to check out that keep-going-forever thing.
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Time to introduce the second part of Newton'’s first law, which is that objects
in motion tend to stay in motion until something hits them (again
my words, not Isaac’s). That means that once something is moving, it will keep
moving forever, without anything pushing it along, until something else pushes or
pulls on it. Of course you just saw that happen with all the objects you were rolling
and sliding across the floor. Then again, maybe you didn’t see that happen.

In discussing this idea with folks, I usually challenge them to give an example
of any object in their daily lives that keeps on moving forever without anything
pushing it along. Some clever person always says “a two year old.” Nice try, but
a two year old doesn’t move by him or herself. The kid needs a floor doing some
pushing to even walk (see Chapter 5), and this is fueled by all the sugar he or she
had for breakfast. The deep thinkers in the audience usually mention “time” as
something that moves forever without a push. True, but time doesn’t count as
an object. We're talking your garden-variety touchable things. Finally, someone
always mentions that things keep cruising along without a push in outer space.
It always amazes me that I run into so many people who consider a trip to outer
space to be a part of their everyday life.

So if Newton’s first law doesn’t apply to everyday life, what good is it? Well,
it really does apply to everyday life, but we’ll have to explore a bit further to see
how. The reason I bring up the issue at this point is to show that science concepts
don’t always make sense when you first come across them. That can get in the
way of understanding what they’re about. I guess that what goes through lots
of people’s heads is something like this: “Okay, this concept doesn’t fit with my
everyday experience, so that means there’s not a lot of common sense in sci-
ence. There must be some strange reasoning process going on here, and I don’t
get it. I suppose I can just memorize this stuff and get through the best I can.”
I don’t want you to think that way, so instead of presenting science concepts
as facts that you would understand if you only had a brain, I'll try to show you
how those wacky scientists came up with the ideas in the first place. The next
activity will get us moving along that line. In the meantime, keep the following
in mind.

People who develop science concepts make them up. These ideas are not
handed down from deities on high. Science concepts hang around, not because
they’re always simple and obvious, but because they work, meaning that they
help us understand and predict things. That said, it’s not as if you can come up
with any old explanation and call it a valid scientific theory. There are conven-
tions for evaluating theories to determine how good they are. Suffice it to say
that the theories presented in this book have been around a while and have
stood the test of time.
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Grab a ruler or yardstick, a marble or a ball bearing, and about a meter-long
section of your kid’s Hot Wheels track. If you don’t have access to kids” toys,
just use anything you can find that’s flexible and will allow a marble to roll
along it. What works well is a section of clear, plastic tubing (try the hardware
or plumbing supply store) and a ball bearing that’s small enough to roll freely
inside the tubing.

Find a friend or family member to help you with this next part. Hold the
track in a U shape! so the lowest part just touches a table top or a floor. (Check
out Figure 1.2.) Now measure the vertical distance from the floor or table to one
end of the track. For the directionally challenged, that vertical distance is shown
in Figure 1.3.

Figure 1.2

Figure 1.3

If your memory isn’t great, write this distance down. You'll need to keep
this one side of the track at that same vertical distance as you do the next few
things. With your accomplice helping you hold the track in a U shape with
the bottom of the U touching the table or floor, and holding your end at the
vertical distance you've measured, drop the marble at the top of that end of
the track (Figure 1.4).

! There should be quite a bit left over on one end, so I guess this is really more of a J shape.
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Fig‘ure 1.4

Figul'e 1.5

Watch what the marble does. It should roll back and forth for a while and
finally come to rest. Now do this a few more times, but notice where the marble
stops the first time before it goes back in the other direction. When you’ve done
it enough times that the marble seems to stop in just about the same place each
time, measure the vertical distance from the table or floor to this point on the
track (Figure 1.5).

Now that you're good at this procedure, you get to repeat it. Only this time
change the shape of the track so the second side of the U is lowered a bit. (Look
at Figure 1.6.) As you repeat things, make sure your starting height is the same
as it was the first time you did it (Figure 1.7).

Figure 1.6
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‘igure 1.8

yy Figure 1.9

Now lower the second side of the U even more and repeat (Figures 1.8 and
1.9).

If you were doing this in a science course or were teaching a science course,
the last thing anyone should do at this point is talk about what should have just
happened in your little experiment. But hey, this is a book and I've got to get
on with things, so here’s what should have happened. No matter what the shape
of the track, the marble should have risen to just about the same vertical distance
each time. You probably didn’t get exactly the same distance each time, but if
you were within a few centimeters, that’s good enough.

Now assuming you did get the result that the marble rises to the same
height each time, no matter what the shape of the track, see if you can answer
the following question. If the track were shaped like an L (see Figure 1.10) and
the bottom part of the L were infinitely long (going on forever), how far would
the marble travel before turning around and going back?

Figure 110
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Because your experiment worked out just exactly as I told you it should (science
experiments always work, don’t they?), you could make up a general rule for
how the marble behaved. That rule might go like this: No matter what the shape
of the track, the marble will travel along the far side until it reaches a vertical
distance of (enter your distance here), at which point it will turn around and go
back. If you buy that rule, then your answer to the question about the L-shaped
track has to be something like this: Since the marble will travel until it reaches
that certain vertical distance, and with an L-shaped track the marble will never
reach that vertical distance, the marble will travel on forever.

All right, so maybe you wouldn’t have reached that conclusion. If it makes
sense to you now, that’s enough. Turns out it made sense to a guy named Galileo
(the activity you just did is often referred to as Galileo’s ramps) and then Newton
just incorporated it into his first law. So that’s how the motion part of Newton’s
first law came about. Later I'll get to why it doesn’t seem to work so well in
the real world. For now, we're ready for a complete statement of Newton’s first
law, which is that things tend to keep on doing whatever they’re do-
ing until something else hits them. This means that any time there’s a

change in an object’s motion, a push or hit from something

else caused it. Changes in motion refer to starting, stopping, sC *

speeding up, slowing down, and even just changing direction. INKS

There are some examples at the end of this chapter. T WORLa'S A Lty
v

It can get to be a real pain to say things like, “Hey, Wilma, Topic: Newton’s first law
looks to me like that thing over there tends to keep on doing
what it’s doing more so than that other thing over there.” So
there’s a special term that refers to an object’s tendency to
keep on doing what it’s doing—inertia. It’s hard to change
the motion of an object with lots of inertia and it’s easy to
change the motion of an object with very little inertia. Objects GO to: www.scilinks.org
with very little inertia: mosquitoes, black-eyed peas, and dust  pde: SEF02
mites. Objects with lots of inertia: elephants, mountains, and
government-run agencies.

Go to: www.scilinks.org

Code: SFF01

Topic: forces

The term “hit” is also a bit too restrictive. It turns out that you can change
an object’s motion by pushing it or pulling it or nudging it or blowing on it or
any number of other things, all of which are referred to as forces.

Armed with all the “proper” terms, maybe Newton’s original wording of the
first law might not seem so strange: “Every object persists in its state of
rest or of uniform motion in a straight line unless it is compelled
to change that state by forces impressed on it.” You go, Isaac.
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Now what about the real world, where everything comes to rest? Newton'’s
explanation is that things come to rest, not because they naturally do that, but
because forces act on them to bring them to rest. A common one is the force
of friction, which is the push things give to each other when they rub to-

Figure 111
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gether. In Newton's world, if
you could eliminate friction,
then you’d see more things
keep on moving in a straight
line. If you played air hockey
as a kid, then you saw what
can happen when there’s
very little friction around.
One push-off doesn’t help
you slide across a carpet very
well because there’s a lot of
friction between your feet
and the carpet. That same
shove on a pair of ice skates,
though, will get you a lot far-
ther because there’s not much

"~ friction around.

Just so we're straight on things, Newton’s first law does hold true in the
real world, as long as you can account for all the forces, like friction, that might
affect things. You'll probably go nuts trying to understand the first law by think-
ing about situations where there aren’t any forces around, because there are
almost always lots of forces around. If you really want to cling to the idea that
objects tend to come to rest rather than stay in motion, though, you're in good
company. That’s what Aristotle thought, and word is he wasn’t a stupid guy.

Objects tend to keep on doing whatever they're doing (staying at rest or stay-
ing in motion) unless something clse exerts a force on them. This is known

as Newton’s first law.

Inertia is the name given to an object’s tendency to keep doing what it’s

doing.

Newton'’s first law only makes sense when all forces, including friction, are

accounted for.
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You throw a rock and it hits the ground. What does Isaac say about this?
Probably nothing, because he’s been dead for a really long time. But how
does his first law apply?

Well, while the rock is in your hand, its inertia just sort of keeps it there
until a force acts on it. You provide that force by throwing the rock. A com-
mon mistake people make is to think that the force you exerted on the rock

Figm'e 112

must be staying with it; otherwise it wouldn’t keep moving. But according to
the first law, the rock will keep moving because of its inertia. It doesn’t need
a force to keep doing what it’s already doing. Of course the rock doesn’t
keep doing what it’s doing. It immediately starts to fall to the ground, which
means a change in direction and, if you observe carefully, an increase in speed.
The force that’s causing this change in motion is the Earth’s gravity (more
on gravity later). When the rock hits the ground it stops—another change
in motion. This time it’s the ground exerting a force on the rock to cause
the change. By the way, if the idea of an inanimate object like the ground
exerting a force on something bothers you, you're going to be bothered at

least until Chapter 5.
/)fz
/)

You and the dog are riding in the car when

you slam on the brakes. Rover, who was in Figure 113
the back, ends up licking your face. Why?
Well, you and the car and Rover are cruising
along at 30 miles per hour, all of you duti-
fully obeying Newton’s first law. When you
hit the brakes, friction (a force) between the
road and the tires changes the motion of
the car from moving to not moving. Your
seat belt exerts a force on you and changes
your motion from moving to not moving.
Rover doesn’t have a seat belt or anything
else to exert a significant force on him, so H
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he keeps doing what he was doing, which is traveling in a straight line at 30
miles per hour.

Two people push equally hard on opposite sides of a large couch and the
couch doesn’t go anywhere.

‘igure 114

| said go THAT way! | am going that way!

Because of the couch’s inertia, it’s going to stay at rest until a force is
exerted on it, right? But aren’t the two people exerting a force on it? Yes
and no. Because the forces are equal and they act in opposite directions,
they cancel each other out and it’s the same as no force at all. Starting now,
you should think in terms of what is called net force. Net force means
what’s left over when you figure in all the effects of different forces acting
on something. So if you have five people pushing on something and four
of those forces cancel each other, the net force, and the only one you and
Isaac Newton should worry about, is the fifth force.

Figul'c 115
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Coriolis force and, 76-77, 80
direction of force and, 66-67, 66—67, 87
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Coriolis force, 76-77, 80, 93

Direction
acceleration and change of, 18, 27, 27, 29, 33, 33
velocity and, 13-14, 14

Distance, gravity and, 41, 44-45

Earth
distance to Moon from, 90
gravitational force of, 35-50 (See also Gravity)
speed of revolution at equator, 83, 83-84
Einstein, Albert, 91, 93
Electromagnetic forces, 54-55, 54-55

Fictitious forces
centrifugal force, 71-72
Coriolis force, 76
Flight
airplane, 57-59, 58-59
rocket, 58, 58, 83-91, 84—-85, 87-90
Force(s), 7, 93. See also specific forces
acceleration related to, 25-26, 25-27
centrifugal, 71-81, 93
Coriolis, 76-77, 80, 93
different-sized, 24, 24-27
clectromagnetic, 54-55, 54-55
fictitious, 71-72, 76
of flight, 57-59, 58—59
formula for, 27-28, 29
friction, 8, 31-32, 32-33, 56
gravitational, 9, 31, 35-50
net, 10, 10, 23, 94
size of acceleration related to, 25-26, 25-28
weight, 39
zero, 67, 79
Formula(s), 12
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for acceleration, 18
for distance traveled, 16-17
for gravity, 41-42
for kinematics, 19
for Newton’s second law, 27-28, 29
for speed, 12-13
Free-fall, 37, 37, 46, 50
Friction, 8, 8, 9, 31-32, 32-33, 56, 93
acceleration and, 33-34, 33-34
air, 37
centrifugal force and, 72-73, 72-73, 80-81, 80-81

g 49,93
G (Universal Gravitational Constant), 42-45, 93
Galileo, 7, 93
Galileo’s ramps, 4—6, 4-7
Glossary, 93-94
Gravitons, 35, 40
Gravity, 9, 31, 31, 35-50
acceleration and, 36-37, 36-37, 39, 44-46, 49
cause of, 40-43
centrifugal force and, 78-79, 7879
distance and, 41, 44-45
Earth vs. Moon, 89-90, 8§9-91
formula for, 41-42
free-fall and, 37, 37, 46, 50
mass and, 38, 38-39, 41-42
Newton’s third law and, 60-61, 61
tides and, 46-49, 47—49
of very large masses, 91
weight and, 37, 42-43, 49

Inertia, 7-10, 25, 94
Instantancous speed, 16, 17, 19, 94

Jet plane flight, 59, 59
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Kinematics, 19

Magnitude, 14, 94
of acceleration, 18
Mass, 25-28, 94
gravity and, 38, 38-39, 41-42
vs. weight, 39, 49
Moon
designing a trip to, 83-91
breaking out of orbit, §7-88, 87-88
figure-cight path, 90, 90
fuel requirements, 85-87
getting into orbit, §3-87
launch pad, 84-85, 84—-85
launch site, 83-84
speed, 87, 90
travel time, 90
distance from Earth to, 90
gravitational force of, 89-90, 89-91
tides and, 46-49, 47—-49
Motion
changes in, 7
due to friction, 8, 8, 9
forces causing, 7, 9
inertia and, 7
Newton'’s first law of, 1-10, 94
Newton’s second law of, 23-34, 94
Newton’s third law of, 51-61, 94

Net force, 10, 10, 23, 94
acceleration related to, 25-26, 25-27
formula for, 27-28, 29
zero, 67, 79

Newton, Isaac, 1, 51, 94

Newton’s first law, 1-10, 94
applications of, 9-10, 9-10
forces, 7
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friction, 8
Galileo’s ramps, 4—6, 4-7
inertia, 7-10
Newton’s second law, 23-34, 94
applications of, 30, 30, 32-34, 33-34
force, mass, and acceleration, 25-26, 25-28, 29
Newton’s third law, 51-61, 94
acceleration and, 55-57, 55-57
actions and reactions, 53-57, 54-57
applications of, 52, 52, 58-61
airplane flight, 58-59, 58—59
gravity, 60-61, 61
sprinters, 59-60, 60

Particle accelerators, 91
Principle of action and reaction, 54. See also Newton’s third law

Rocket flight, 58, 58, 83-91, 84—85, 87—90. Scc also Moon, designing a trip to
Roller coasters, 21, 21, 79-80, 79-80

Science concepts, 3, 55, 72
Scilinks, x
acceleration, 17
centrifugal force, 71
Coriolis force, 76
forces of flight, 57
friction, 31
gravity, 36
Isaac Newton, 51
mass, 25
Newton’s first law, 7
Newton’s second law, 28
Newton’s third law, 53
rockets, 91
roller coaster physics, 21
velocity, 13
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Speed, 11-13, 12, 19, 94
average, 16, 19, 93
calculation of, 13, 15, 15-16
centrifugal force and, 73, 73, 77-78, T7-78
constant, 18
formula for, 12-13
instantaneous, 16, 17, 19, 94
of light, 91
of spaceship in orbit, 85-87
vs. velocity, 13-14, 14

Speedometer, 16

Tides, 41, 46-49, 47—-49, 50, 94

Universal Gravitational Constant (G), 42-45, 93

Vector, 14, 94
acccleration as, 18
velocity as, 14
Velocity, 13-14, 14, 19, 94
changes in, 17-18, 19
unit of measurement for, 39

Weight, 94
gravity and, 37, 42-43, 49
vs. mass, 39, 49
Weightlessness, sensation of, 46, 50, 86, 88

Zero force, 67, 79
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