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ow, what an awesome” ride! It started calmly way

upstream’ as the rafters* pushed off the shore into the

river’s current’. Now and then they used their paddles to
steer® around a sandbar’, a boulder®, or a downed tree. Then around a
bend’, the rafters saw what they came for—white water rapids'’.

For several minutes the swirling'' water bounced™ the raft back and
forth like a pinball”’. The guide' instructed the rafters on how to
paddle to avoid rocks and keep the raft from tipping over'®. Without
the guide the rafters would have been in trouble. There was someone
else helping out, too. His name is Isaac Newton'’. No, he wasn’t

in the raft. But almost 300 years ago, he explained how all objects
move. Since then, people have been using his laws of motion to better
control how things move—including a raft in a raging"’ torrent',

What were Newton’s ideas about motion? They’re simple really.
And simply amazing'®!

1. paddle v BER (#F) 11, swirling ) TEBNEY
2. awesome  ad £ AIEES 12, bounce % fEfas  (EERBE
3. upstream adv, Wik 13, pinball 7. SEBRRY
4. rafter A MEEIEER 14, guide 7 5
5. current 7. KR 15. tip over G oRE R
6. steer % #RAE  16. Isaac Newton HFEST - 400 (FEiEs
7. sandbar . 531 0 . BERNALFER)
8. boulder % ; E# . 2R/ 17. raging . R4 A Y
9. bend . (SRR ) a4l 18, torrent 7. AR

&
o

. rapid A At 19. amazing adj, ¢ A




Chapter

Newton's Laws of Motion:

Moving by the Rules
FESE R, BRI

These kids will quickly reach the bottom of this giant! slide?. Once
they are on flat ground. they U continue to move forward before
slowing down and stopping. Why don 1 they stop immediately at the

bottom of the slide?




he kids continue moving because they have inertia'. Inertia is the

tendency’ of an object to resist’ any change in motion.

Inertia and Force*

You see inertia’s effects’ all the time. Once an object is moving, it tends to°
keep moving. Something has to make it speed up, slow down, or change
direction. Also, when an object is at rest (not moving), it tends to stay at rest.

Something has to get it moving.

That something is a force. A force is a push or a pull. A force can be gentle,
such as pulling this book toward you. Or a force can be tremendous’, such as

hot gases pushing out tons of rock from an erupting® volcano’.

1. inertia 7. iRl
2. tendency 2. #
3. resist ) e
4. force 7 A
5. effect . 1EH .
6. tend to {15
7. tremendous adj. SPNGE
8. erupt ) T &
9. volcano 7 K
10. marble a XEBHR

A push from someone’s hand
moved the red marble'®. What
force is about to move the
blue marble?




How do forces affect' motion? Think of

a large ship. In order for the ship to start

¥ N
moving, force from huge propellers” has

to overcome’ the ship’s inertia when it is
standing still. When the propellers turn,
the blades® push against the water and

move the ship forward.

Friction®

Once the ship gets going, inertia makes
it tend to keep going. But eventually® the
ship has to slow down and stop. What
force makes it do that? Mostly friction.

Friction is a force that resists motion when

Friction with the water

changes the diver’s'® motion.

two objects, such as the ship’s hull’” and
the water, rub against each other. You can
think of friction as the forcé of two objects

pushing against each other.

Friction is always acting on the ship and
slowing it down. When the propellers
are turned off, the force they provide no
longer exists. Now friction can slow the
ship to a stop. As the ship approaches® the
dock’, it must be steered into position. It
doesn’t change direction by itself. It has to
. affect
. propeller

. overcome
. _blade

_Q



be forced to change. By turning the rudder' First Law of Motion

and propellers in different ways, pushes Isaac Newton stated these ideas about

¥ . . . . e S
are exerted” on different areas of the water. inertia and forces as his first law of

These forces turn the ship to move forward motion. It’s also called the law of inertia.
in the desired” direction. On some ships,

jets® along the side push the ship to the

dock.

rudder / ( AEHY ) AE FirSt Law
. exert A0 Of Motion

. desired FHA R
. jet BSRE YL

An object will remain at rest or
continue moving at the same
speed and in the same direction
unless a force acts on it.

Different kinds of pushes steer this ship to the dock.




Force and Mass’

Problem: You and a friend want to move
a dresser’ from your parents’ room to your
room. The dresser has four drawers, and

it’s too heavy to move.

Solution’: Remove the drawers, and carry
them one at a time. Then carry the empty

dresser. Problem solved.

Let’s look at the science behind that
problem. The dresser was too heavy to
move, even by two people, because of its
large mass. Mass is the amount of matter®
something has. You and your friend could
not provide enough force to move that
much mass. You could have moved it by
adding more force. But no one else was

around to provide the extra force. So

10

The mass of this cart® makes it too hard to move without wheels.

instead you decreased’ its mass. Each of
you could provide plenty of force to move
the mass of a drawer. Together you had

enough force to move the empty dresser.

Can you tell that force and mass are
related? Good. Now you’re thinking like a

scientist!

Second Law of Motion

Newton discovered that force, mass, and
acceleration® are related. Acceleration

is the change in an object’s speed or
direction over time. Newton summarized’
the relationship between these ideas in his

second law of motion.

1. mass P 5%
2. dresser . ik RS ]
3. solution 7 IR ISP E
4. matter 7 MR
5. decrease I bR - WA
6. acceleration . hEE
7. summarize ) B
8. cart 7. IWNE FHE




That simple equation' is pretty amazing. It

can tell you how much force is needed to

move an object of a certain mass. Or it can

tell how much a certain force will make

an object move. It also can tell how much

mass an object must have in order to move

the way you want it to.

1. equation

2. come in handy
3. predict

4. javelin

5. endanger

6. stadium

n E

TRB LR
. RAR
) B
. BREED

7. International Amateur Athletics Federation EFrIV £ HZ AL

. Second Law
\of Motion

An object’s acceleration depends
on the mass of the object and
the size of the force acting on it.
Newton wrote it this way:

force = mass x acceleration

What is an example in your life when
knowing the second law of motion could

come in handr=?

Thinking Like a Scientist:

Newton’s laws can be used to predict

how objects move. For example, in

the 1980s, javelin® throwers were

throwing so far that they began to

endanger’ crowds in the stadiums®.

The International Amateur Athletics
Federation’ made the javelin heavier.
They used Newton’s second law to
predict that the added mass would
make the distances shorter. They
were right.

Predict what would happen if the mass
of the javelin was decreased.
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Pushing Back

You are trying to teach a friend how to

ice skate for the first time. You give him a
little push from behind to get him moving.
He goes forward, but to your surprise, you
are sent backward. You lose your balance'
and take a little tumble’. Falling was not
what you had planned. After all, you are
the expert’ skater! What happened? Well,
your friend pushed back without even
trying. Sound crazy? No, sounds like

Newton’s third law of motion.

Newton figured out” that forces always

work in pairs. One force is the

the
The skater pushes against the ground as

ground pushes back.

Third Law
of Motion

When one object exerts a force on

a second object, the second object
exerts a force of equal strength on
the first object but in the opposite’
direction. In other words, for every
action, there is an equal and opposite
reaction.

action force’. The other is the reaction

force®. The push you gave your friend

on the ice was the action force. The

push you received back was the reaction
force. On the ship the propellers push
against the water (action force). The
water pushes back (reaction force), and
the ship moves forward.

. balance " T 187

. tumble .

]

expert ad), PR

. figure out A8
. action force i)
. reaction force RIEEAD

. opposite ad. HEH

® N OO AW

tilt ! 5

»

Suppose you pushed your friend while
standing on grass instead of we. You
might tle’ backward a bit, but you
probably would not move like you did

on the ice. Win?



Tug-of-War’

The third law of motion is in action all
around y’ou. For example, when you
walk, your feet push against the ground.
The ground pushes back and moves you

forward.

Sometimes it seems as if the action-
reaction forces are not equal. Suppose
you’re sitting at a heavy desk doing
homework. You grab® a small book and
pull it toward you. The book is pulling
on you with an equal force, as stated by
the third law of motion. If that’s true,
why aren’t you pulled toward the book?
Because your mass is so much greater than
the book’s mass. Remember Newton’s
second law? The same force accelerates a

small mass more than a large mass. You

are pulled toward the book just a little, but

not enough to notice. It’s like a tug-of-war
between you and the book, and you win

easily!

But what happens when you pull on the
heavy desk? The desk wins this tug-of-
war. It pulls on you as you pull on it. Its
mass is much greater than yours, however,

S0 you move toward the desk.

The laws of motion are among the most
important ideas in science. They explain
the movement of everything—from tiny
gas particles’ in the air to huge planets in
space. Figuring out these laws took a real

.4
genius .
1. tug-of-war T (LE#E )
2. grab 3 HMEL
3. particle 7. (> GV kv
4. genius . XA, X&E

These kids are pulling on the rope while being pulled by the other team.
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