Gravity ) Thle3 more mass an object.has, the greater its gravitational  ¥Lah

Would you be surprised if you let go of a pen you were orce. Because the sun’s mass is so great, it exerts a large gravi- 2on M_
holding and it did not fall? You are so used to objects tatl(?nal force on the planets. That’s one reason why the planets [ ——

falling that you may not have thought about why they orbit the sun. Calculating
fall. One person who thought about it was Isaac New-

ton. He concluded that a force acts to pull objects

I iti e :
tanc: scidltlon to mass, gravitational force depends on the dis- Y?u can determine the weight
etween the objects. The farther apart two objects are, the of an object if you measure its

straight down toward the center of Earth. Gravity isa lesser the gravitational force between them. For a spacecraft el
force that pulls objects toward each other. traveling toward Mars, Earth’s gravitational pull decreases as the 1. Estuiele e v ondo
spacecraft’s distance from Earth increases. Eventually the i e o
Universal Gravitation Newton realized that grav- tational pull of Mars becomes greater than Earth}’fs %ra\}/:_ lemon weighs about 1 N.)
ity acts everywhere in the universe, not just on Earth. spacecraft is more attracted toward Mars > and the 2. Use a balance to find the
It is the force that makes an apple fall to the ground. It i . ' mass of each object. If the
is the force that keeps the moon orbiting around Welght and Mass Mass is sometimes confused with weight rkr;gsfar;ments o ik
Earth. It is the force that keeps all the planets in our Mass is a measure of the amount of matter in an object; weight iS. kilogram:' i
solar system orbiting around the sun. | a measure of the gravitational force exerted on an ol’)ject The | 3-Multiply e Hisss b
What Newton realized is now called the law of uni- force of gravity on a person.or object at the surface of a pla;let is 9.8 m/s? to find taI::: ver(ei ht
versal gravitation. The law of universal gravitation + known as weight. So, when you step on a bathroom scale, you IEEEE .
states that the force of gravity acts between all objects in are determining the gravitational force Earth is exerting on };011 How coSsd ailia values
the universe. This means that any two objects in the Weight varies with the strength of the gravitational force b1l1t were your estimates?

mass does not. Suppose you weighed yourself on Earth to be
450 newtons. Then you traveled to the moon and weighed
y01.1rself again. You might be surprised to find out that you
weigh only about 75 newtons—the weight of about 8 kilogrzms

on Earth! Yoq weigh less on the moon because the moon’s mass
is only a fraction of Earth’s.

universe, without exception, attract each other. You are
attracted not only to Earth but also to all the other
objects around you. Farth and the objects around you
are attracted to you as well. However, you do not notice
the attraction among objects because these forces are
small compared to the force of Earth’s attraction.

Reading \ ) . ‘
Checkpoint / What is the difference between weight and mass?

Factors Affecting Gravity Two factors affect the
gravitational attraction between objects: mass and

FIGURE 7 distance. Mass is a measure of the amount of matter in = FIGURE 9

Gravity and Acceleration an object. The SI unit of mass is the kilogram. One kilo- Mass and Weight This astronaut j :

gs‘"tir; b‘zgm f?gcri‘i;\ithgtizsr?\on gram is the mass of about 400 modern pennies. Every- _ the moon. Comparing and c::trf;;;?f; e,j;lz e
L P ' thing that has mass is made up of matter. k| his mass and weight on the moon compare to h(;"s

mass and weight on Earth?

: _ ¥ Astronaut in Spacesuit

The force of gravity acts between all objects. i ' :
gty : T ' o _ Weight on Moon 270 N
Weight on Earth 1,617 N

o} A WIS g T Mass on Moon 165 kg
94 LR | e , ll Mass on Earth 165 kg
FIGURE 8 ek R £ e N o
Gravitational Attraction If mass increases, the force of gravity increases. /65 f\ e Chior W
Gravity increases with mass and : =
decreases with distance. Inferring 5 p

What happens to the force of ‘ . | ‘

gravity between two objects if the
distance between them decreases?  |f distance increases, the force of gravity decreases:

a6 ¢ M




FIGURE 10

Free Fall
In the absence of air, two objects with

different masses fall at exactly the
same rate.

-
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Free-FaII |

questions.

motion?

object at 6 seconds?

speed values change?

Gravity and Motion

On Earth, gravity is a downward force that affects all
objects. When you hold a book, you exert a force that
balances the force of gravity. When you let go of the
book, gravity becomes an unbalanced force and the

book falls.

Free Fall When the only force acting on an object is
gravity, the object is said to be in free fall. An object in
free fall is accelerating. Do you know why? In free fall,
the force of gravity is an unbalanced force, which
causes an object to accelerate.

How much do objects accelerate as they fall? Near
the surface of Earth, the acceleration due to gravity is
9.8 m/s2. This means that for every second an object is
falling, its velocity increases by 9.8 m/s. For example,
suppose an object is dropped from the top of a build-
ing. Its starting velocity is 0 m/s. After one second, its
velocity has increased to 9.8 m/s. After two seconds,
its velocity is 19.6 m/s (9.8 m/s + 9.8 m/s). The veloc-
ity continues to increase as the object falls.

While it may seem hard to believe at first, all objects

in free fall accelerate at the same rate regardless of their
masses. The two falling objects in Figure 10 demon-

strate this principle.

Use the graph to answer the following

1. Interpreting Graphs What variable is on the
horizontal axis? The vertical axis?

2. Calculating Calculate the slope of the graph.
What does the slope tell you about the object’s

3. Predicting What will be the speed of the

4. Drawing Conclusions Suppose another
object of the same size but with a greater
mass was dropped instead. How wou

Speed (m/s)

Id the

Time (seconds)
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Air Air
resistance resistance

Air Resistance Despite the fact that all objects are supposed
to fall at the same rate, you know that this is not always the case
For example, an oak leaf flutters slowly to the ground, while an.
acorn drops straight down. Objects falling through a)ir experi-
ence a type of fluid friction called air resistance. Remember that
friction is in the direction opposite to motion, so air resistance is
an upward force exerted on falling objects. Air resistance is not
the same for all objects. Falling objects with a greater surface area
experience more air resistance. That is why a leaf falls more
sloyvly than an acorn. In a vacuum, where there is no air, all
objects fall with exactly the same rate of acceleration. ,

_ You can see the effect of air resistance if you drop a flat
g;;zz (;1f1 Eaf]i:)etr and a crumpled piece of paper at the same time.
. :,13 Ppaper has a greater surface area, it experiences

! sistance and falls more slowly. In a vacuum, both
plece.s of paper would fall at the same rate. )

_ lf;llzures;lsltalflce incre.ases .with velocity. As a falling object
ntuallla’ aef ﬁ.rce of air resistance becomes greater and greater.

F > a falling object will fall fast enough that the upward
- Of air resistance b.ecornes equal to the downward force of
"'bz aj:zlrclig on the object. At this point the forces on the object
1 ed. Remember that when forces are balanced, there is

Fe:eé'sl?;)tn. The object continues to fall, but its velocity
- niliiri:;dThelgrt?atest VC]O.CII'Y a falling object reaches is
ey reSiS:re ocity. Terminal 'velocity is reached when
; ance equals the weight of the object.

FIGURE 11
Air Resistance

Falling objects with a greater
surface area experience more air
resistance. If the leaf and the acorn
fall from the tree at the same time,

the acorn will

a.md Contrasting If the objects fall
in a vacuum, which one will hit

first? Why?

Gravity

hit first. Comparing
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| Projectile Motion Rather than dropping a ball
| straight down, what happens if you throw it
| horizontally? An object that is thrown is called a
projectile (pruh JEK tul). Will a projectile that is
thrown horizontally land on the ground at the same
| time as an object that is dropped?

= Look at Figure 12. The yellow ball was given a

|
#
o

horizontal push at the same time as the red ball was
dropped. Even though the yellow ball moves hori-
zontally, the force of gravity continues to act on itin
the same way it acts on the red ball. The yellow ball
falls at the same rate as the red ball. Thus, both balls
will hit the ground at exactly the same time.

In a similar way, an arrow flying toward a target is
a projectile. Because of the force of gravity, the arrow
will fall as it flies toward the target. So if you try to hit
the bull’s-eye, you must aim above it to account for
gravity’s pull. When you throw a projectile at an
upward angle, the force of gravity reduces its vertical
. velocity. Eventually, the upward motion of the pro-
| jectile will stop, and gravity will pull it back toward
| the ground. From this point, the projectile will fall at
| the same rate as any dropped object.

FIGURE 12

Projectile Motion

One ball is dropped vertically and a second
ball is thrown horizontally at the same time.
Making Generalizations Does the horizontal
velocity of the ball affect how fast it falls?

i Reading " How does gravity affect objects that are

Checkpoint / moving horizontally?

section (2 Assessment

@) Target Reading skill
Comparing and Contrasting Use the information
in your table about friction and gravity to help
you answer the questions below.

3. a. Reviewing Why does an object accelerate
when it falls toward Earth’s surface?
b. Describing How does the mass of an object
affect its acceleration during free fall?
c. Applying Concepts What force changes
when a sky diver’s parachute opens? What
force stays the same?

Reviewing Key Concepts

1. a. Listing What are the four types of friction?
b. Summarizing What factors affect the friction
force between two surfaces?
¢. Classifying What types of friction occur
when you ride a bike through a puddle?
2. a. Identifying What is the law of universal
gravitation?
b. Explaining How do mass and distance affect
the gravitational attraction between objects?
¢. Predicting How would your weight change
on the surface of an Earth-sized planet whose
mass was greater than Earth’s? Why?

Writing in Science_

Cause-and-Effect Paragraph Suppose
Earth’s gravitational force were decreased
by half. How would this change affect a
game of basketball? Write a paragraph
explaining how the motion of the players
and the ball would be different.

M-—/
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§ @) Target Reading Skill

y
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/ Section

Neton's First
and Second Laws

Reading Preview

Key Concepts

e What is Newton's first law of
motion?

What Changes Motion?

e What i :
at is Newton's second law of 1. Stack several metal washers on top of

motion?
a toy car.
K'ey Term 2. Place a heavy book on the floor near the car.
* inertia 3. Predict what will happen to both the car and the washers if

you roll the car into the book. Test your prediction.
Think It Over
\?Vl:]servmg What happened to the car when it hit the book?
a;_happened to the washers? What might be the reason for
any difference between the motions of the car and the washers?

Outlining As you read, make an
outline about Newton’s first and
second laws. Use the red headings
for the main topics and the blue

|

() Do Activity Jg
" zone er Activity |

headings for the subtopics.

Newton's Fi :
s First and Second Laws How and why objects move as they do has fascinated scientists

for thou‘sands of years. In the early 1600s, the Italian astrono-
4 merf Gahl.eo Galilei suggested that, once an object is in motion
; ; no force is need_ed to keep it moving. Force is needed only to
: 'Lhe B o oF Motion change the motion of an object. Galileo’s ideas paved the wa

g for Isaac Newton. Newton proposed the three basic laws 03;

="~ | motion in the late 1600s.

I. The First Law of Motion
~ A. Inertia

The First Law of Motion

Nev\{ton’s first law restates Galileo’s ideas about force and
motion. Newton’s first law of motion states that an object at
rest vY]]l rc.:main at rest, and an object moving at a constant
Yeloaty will continue moving at a constant velocity, unless it
is acted upon by an unbalanced force. ,

.If an object is not moving, it will not move until a force acts
on it. Clothes on the floor of your room, for example, will sta
there unlless you pick them up. If an object is already r;lovin 1}'[(
will continue to move at a constant velocity until a force act%to
cl_lange either its speed or direction. For example, a tennis ball
flies tl}rough the air once you hit it with a racket. if your friend
doesn’t hit the ball back, the forces of gravity and friction will
eventually stop the ball. On Earth, gravity and friction ar
unbalanced forces that often change an object’s motion. )

Isaac Newton ¥
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