Skeggs /Hanna Spring Work
Packet
8th Grade Science

Lesson 1: Gravity and Friction
Lesson 2: Newton’s 1 Law
Lesson 3: Newton’'s 2 Law

**Use textbook pages to
complete the worksheets and
answer all questions on a
separate sheet of paper

EXCEPT Critical Thinking
Section™*
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ESBENTIAL QUESTIONS

# Wit dne some contact
Torces and same nonconiact
formpa?

= What is the I of universat
gravitation?

 Henw does fiction affect the
mation of twe objecls
sliding past gach othar?
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Thils astromsut is on an streraft that ey 5t steep angles and

provides a sense of welightlessness, Why doesn’t hafal

doas! Tarliys gravity pulls 1he asironsat down,
afrcralt moves downweard at the same spead,

but the
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Con you-melte & bodl move without

tonching 17 £

Youl ari tmake a ball prove by Rlcking it or throwing

[t s 3 possible tomake the Hall move even when

rathing Is weuching the bailz

£ Read anel complste a fub safely form.

&5 Rall s-teniis balk atross tha foern Hilnk about
whalanakes the bl move.

£ Tass the ball Tnto the alr. Watch as i moves up
arud then 1oils hack to your hand,

£ Drop the ball ento the fleas Lat It bounes enes
Slandtherestchin BRI

I

< ink About This : .
4. Whatmade the ball move when you rofted, tussed, and dropped 2 What made & stop?

2. [z Moy Concept D something that was touching the ball or not touching the bal cause
1t tomove In each case?

Tyoes of Forges
Fhink ahont all e things you pushed or pulled taday, You

Wouwp DGy v

might have pushed oathpaste pul of a tube. Maybe you puiled Tores
wut 1 chalr to st down. A pusit or & predl o an object is colled 2 MMMMM_.;_@ e pitdt ;

forae; An object or & Pesson oo apply 2 forer tor another nbject
or pessor, Some forces are spplied only when objects touch.

Other forees are applied even whiest objeets do ot fousd,

Figurz? The manb hand
applies a cantact force to
3he boards,

Tontact Forces
The hand of the karte expert in figure 1 applied 3 fore 3o
the stack of boaeds and broke them. You hnve probably sise
seen & paushoian strike the keys of o plant and an athlele hit
3 ball seith & Dat, fin each cose, ¢ pesson or 2 oblech applisd
1 foree ko an object that i touched, A conlact-force is o
Jtists or 2 poll o aare slject i amotlter St is touckbig it
Comgack foyees can be weak, Hke when you press the
keys on a eomputer kevbonrd, They ase can be strong,
such 8 whon lasge seetions of wndergromnd sock suddenty
sitove, sesulting in an eartbquale. The luge sections of
Bartly's erust eodied plates also apply stronyg contact forces
agatust epch other Over fong pedods of tme, these [oxces
cart create mousali sanges if one plate pushes anothver
plate upward,
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Make a vertizal two-tab
book fiom a sheet of
paper. Label it as
shown, Use it ta orga-
nize your notes on
gravity and frlction.

& 7 ,mwowmm@......mnnmx..

Figure 3 Arrows can
indicate the streagth and
direction of a force, ¥

& Visual Check How are
the lengths of the arsows
related 1o the different
forges on the twao balls?

Chooler2

bl e “.ﬂj.!s.n?
& Figure2 A noncontact force causes the gils hair to
stand on end.

Noncontact Forces

LIt a penclt and then release it, What happens? The penclt
falls toward the floor. A parachutist falls toward Earth even
though nothing i touching him, A force that one object can
apply to another object witheut touching i is o nonconlact force,
Gravity, which pulled on your pencil and the parachutist, is a
noncontact faree. The magnetic force, which attracts cerlaln
metals to magnets, is also a nencontact fotce. In Figure 2,
another gapcontact foree, called the electric force, causes the
ghtf's hair to stand on end.

Key Concept Check What are some rontact forces and some
noncontact farces?

Strength and Dirvection of Forces

Forges have both strength and dleection. ¥ you push your
textbook away from you, it probably slides across your desk:
What lappens i you push down on your book? Tt probalily
daes not move. You can use the same strength of force in both
cases. Different things happen because the direction of the
applied force is cifferent,

As shown in Flgure 3, arcows can e used to show forces. The
- length of an arrow shows the strength of the force, Notice in
: the figure that the force applied by the tennis racquet s stron-
¢ ger than the force applied by the table-tennis padidle. As a resuft,
the arrow showing the force of the tenmis moguet is longer The
P direction thar an ateow polats shows the direction in which
force was applied.

The 51 unit for foree i3 the newton (N}, You apply a force of
about I N when Hiting a stick of bulter. You use a Jorce of ahoul
20 N when Hifting a 2.1 bottle of water. if you use arrows to
show these forces, the water's arrow would De 20 tisies longer

46-47 | >
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Gravitotional force inereases if the mass of at
least aae of the objects Ingreases.

The gravitational force between abjects
decreases as the objeels move apart,

What is gravity?

Objects fall to the ground becanse Barth exerts an atlractive
force on them. Did you know Lhat you alse exerl an attyactive
force on objocts? Gravdty is an atbiactive free thral exists botweon
ol objects Uil Beve toss. Xlass I8 the waeed of malter T an
obfect. Mass Is often measured in lilograms (kg

The Law of Universal Gravitation

In the late 16005, an English scientist and mathematician,
Sir Isaac Kewton, developed the law of ualversal gravitation.
This law states that all objects are attracted fo cach other by a
gravitational force, The strength of the forve depencds on the
mass of each object and the distance between them.

Key Concapt Check What is the law of universal gravitation?

Gravitational Force and Mass The way In which the mass of
abjects affects grawity is shown in Figure 4. Whest the mass of
one or hoth objects increases, the gravitational force batwesn
them also increases. Notice that the lorce arrows for each pais of
nierbles are the sime size even when one abject bas less muass,
Each object exerts the same attraction on the other abject.

Gravitational Force and Distance The effect that distance has
on geavity s also shown in Figure 4. The atimetion between
oblects decreases 45 the distance belween the abjects increases.
For example, il your mass is 45 kg, the gravitational force
between you and Barth (s about 440 N On the Moon, abowt
384,000 km away, the gravitationat force between you and Earth
would only be about 0.12 N, Fhe relationship between gravita-
tional force and distance Is shown in the graph in Figure 5.

@ Reading Check What effect does distance have on gravity?

A Figure 4 e The
gravitational force
betwaen abjects depends
on the mass of the objects
and the distance between
them.

Personal Tutor

I

Distancs

4 Figure 5 The
gravitationat force betwaen
objects decreases as the
distarce hetween the
vhjetts intreases.
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ACADEMIC VOCARDBLARY -:
sigeificant
{udjective} anpurtani,
AN

figura 6 As she travels
from Earth 1o the space
station, the astramaut’s
weight changas, but her
rriass remains the same,

»

#  Glossary - Index

Earth hus mote mass than any object near you. As a result,
the gravitational force Earth exerts on you is greater than the
force exerted by any other object. Welghit is the gravitationf
force exerted on ar ubject, Newt Earth's surface, an objects weight
15 the gravitational force exerted on the object by Earth. Because
welght is a force, ¥ Is measured in newtons,

‘Tha Relationship Between Wealght and Mass An object’s
welght Is proportionad to its mass, For example, i one object
has Iwice the mass of another object, it also has Lwice the
weight. Near farth's suiface, the weight of an object in
newtons is about ten tinws Hs s in kiogoms.

. @ Reading Check What is the relationship batween mass and
“weight?

Waight and Mass High Above Earth You wmight think thal
astronzuts i orbil around Bkl aze weightluss. Thete weight Is
abour 90 percent of what it is on Lanth, The mass
' of the astronaut In Figure 6 1s about 55 kg, Her weight is about
540 N o Karth amd abuut 50 N on the spice station 350 km
above Larth's surface. Why Is there no significant change
in weight when the distance inereases so mach? Earth is su
large that an astronaut st he much farther away for the
gravitational force to change much, The distance between tle
assronaut and Easth is smafl compared to 1he stze of Earth,

@ Reading Check Why is the gravitational farce that a fiiend extris
on yau less than the gravitational force exerted on you by Larth?

Mass:55kg
Weight: 560K 3

Mass: 55K [
Weighe: 590 SEENE
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Friction

IF you slide across o snsoeoth Aoor in your souks, you sLove
quickiy ai Mst and then stop. The force that slows you fs
friction. Friction is g force that resists the mofion of two swface
it dre fouching. There are several types of friction.

Static Friction

Tlie box on the left in Figure 7 does not move because the
girt's upplicd foree i bulanced by static frdction. Static friction
prevents surfaces from sliding past each other. Up to a limir, the
strength of stativ friction changes to match the applicd force, I
Lthe girl Ingreases the applied force, the box stilk will not move
because the static friction also increases,

sliding Friction :
when static Fiction reaches its himit befwecn surfaces, the

box will move. As shown i Figure 7, the force of two students

pushing is greater than zzmur._zn friction between the box and

the floor. Sliding friction opposcs the motion of surfaces siiding
past each other. As long as the box is sliding, the sliding friction
dous not change. Increashing the applied force makes the box
stide faster. if the students stop pushing, the box wilt siow and
stop because of sliding friction.

Fluid Friction ‘ ;

Prictlon hotween 2 »ano and a fuid—any smatesial, such

as water or ais, that [ows-is {lid friction. Fluid friction *

between a suzface and aig 1§ alr resistance, Suppose an Gbject is
moving through a fluid. Decreasing the surface area toward the
onconting flaid decreases the alr rmsistance against the object.
The crumpled paper in Figure 8 falls faster than the [Tat paper

because it has less surface .mwmu and less air resistance.

R - - =

4 Figure 7 Static
friction prevents the box
on the lelt from moving.
Slicling friction slows the
mokion of the boxon

 the right

Scgnee Use v, Cotaan e -
static
Sclenice Use at st of having 3
FHERLHINT :
Comman Use nokse pro
duged fa & siedin by @ pfvelidan |

Ceprarerrdseeband

Figute 8 Alr resistance is
greater on the flat paper. ¥
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.3 minutes;:
ffack

How does friction a

motion? B}

Friction affects th

mation of an object

sliding across a

surface,

B Read and
complete a lab
safaty form,

@ e tape to fasten sandpaper o a table.
Artach a spring scale to 2 wooden block
with 21 eyehook in it,

@ flacerd it your Science Journal the farce
required to gently puli the biockata
censtant speed on the sandpaper and
ke on the table.

Analyze and Conclude
1. Compare the forces required to pull the
bloek across the two surfaces.

2, {ewe Key Cancept How did reduging
friction affect the motion of the bleck?

Figure 9 Lubricants such a5 oil decrease friction
eauged by microseapit roughness. :

Rub your hands together What do you
feri? If vour hands were soapy, you could
slide them past each other easily. You feel
more ftiction when yoo rub your dry hands
fopether than when wou suh your soapy
hands together.

What cruses friction between surfices?
Look ot the close-up view of surfaces in
Flgure 2. dicroscopic dips and bumps cover
all strfaces. When surfaces slide past each
mher, the dips and bugips on ane surface
catch on the dips and bumps on the other
surface. This microscopic roughiness slows
stiding and is a source of felction.

» Kay Concept Check How does frction
affect the motion of twa objects sliding
past each other?

In additon, small particles—atoms amnd
molecuies—make wp all sucfaces. These
particles contain weak electrical charges.
When a positive churge on une suriace stides
by a pegative chrarge an the other surfoce, an
attraction occurs between the particles, This
attraction slows sliding and is another saurce
of Iriction between the suzfaces.

Reading Check What are two causes of
friction?

Reducing Friction

When you rub seapy hands logelher, the
soapy water slightty separates the surfaces of
vour hands, There s less contact between
the microscopic dips and bumds ahd hetween
thie clectrical charges of your hands. Soap
acts as & hubrfcant and decreases friction.
Wwith less [rictlon, it 1s easler for surlaces o
shidde past cach ofher, as shown in Figure &,
Motor oil is x lubricant that reduces frlction
between moving parts of a car’s engine.

Look again at the effect of air msistance
on the falting. paper In Figure 8. Reducing
the paper's surface area reduces the fuid
friction between it and the aiv

B |s0-51 |>
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Fonees ean be either
contact, such as a karate
chop, ae noncontact, such
as gravity. Each type s
drscribed by its stiength
and dirgction.

Gravity is an altractive force that acts between
any two dhjocis that have mass, The altraction
is stranger for objects with greater mass.

Friclion can reduce the
spneed of objects siding
past cach other. Ais resis-
Tance is a type of fluid
frictipn thot sfows the
speed of a falling objecs.

Use your lesson Faldable to review the lesson.
Save your Foldable for the project at the end
of the thaptes.

S&.nn do you think :

W,

Your first readt the statements below at the

begining of the chapter,

1. You pu¥ an objects around you with the
force of gravity.

2. Friction can act boiween two unmoving,
iauching surfaces.

Did you chiange your mind about whelher you
agree ar disagree with the statements? Hiewrite

any false statements te make them true,

iy

G, -search -

Use Vocabulary

& Dafing fricion In your pwn words,
@ Distinguish Lobwgen weight and mass,

Understand Key Concepts

4
L

T YL k]

MU Expialn the differenice betweern @ contact
{orce and a ronconkact force,

3 vou push a book sitting on a desk with a
forece of 5 N, but the book doos nol move,
What is the static ftiction?

A ON € besween ONoand SN
B. 3N 0. greater than 5 N

€3 Apply Aceurding to B lav of universal
gravitation, is there a stronger gravitationat
foree belween yoas and Easth or an
clephant and Farth? Why?

interpret Graphics

% Interpret Look at the forces on the feather.

Air pesistance ,M. ._m“%ms_

In terms of these forces, axplain wihy the
feather falls slowiy mther than fast.

&2 Organize information Copy and fill in the
falli betow o deseribie fores mentioned in
this leston. Add s many rows as you need.

Foree Bescription

Critical Thinking

€3 Decide 13 it passible for the gravitational
force botween two Sthkg objects to be less
than the gravitational forge bebween a
S50-kg object and a 5-kg object? Explain.
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Name . _ Date Class

Lesson Outline w | ' ~ LESSON 1

Gravity and Friction

A. Types of Forces

1. A push or a pull is called a(m)

2. A(m) : is a push or a pull on an object by another object
that is touching it. ’

3. A force that one object can apply to another object without touching it is
a(n) |

4. Gravity, , and electric forces are examples of
noncontact forces.

5. Forces have _ and

6. An arrow can be used to show a force; the shows the
strength of the force, and the direction of the arrow shows the '

of the force.

7. Forces are measured in units called

B. What is gravity?

10

1. is the amount of matter in an object.

2, a is an attractive force that exists between all objects that
have mass. '

3. Mass is often measured in

4, According to the law of . all objects are attracted to one
another with a gravitational force that is proportional to the mass of the objects
and the distance between them.

a. When the mass of one or both objects increases, the gravitational force between
the objects

b. When the distance between two objects increases, the attraction between the

objects

5. is the gravitational force exerted on an object.

a. Near Earth’s surface, an object’s weight is the gravitational force exerted on the

object by

b. The of an object on Earth decreases significantly only
when the object moves a great distance away from Earth.

The Lawvs of Maotion
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3. Up to a limit, the
the applied force.

of static friction changes to match

4. : friction opposes the motion of surfaces sliding past.
each other. :

a. When an object is sliding, the force of sliding friction does not

for this reason, increasing the applied force makes

a sliding object move

b If you stop pushmg a shdmg object, the ob]ect will eventually

due to sliding friction.

5. ' is fr.iction between a surface and a fluid, such as air
or water. )

a. Fluid ﬁic_tion between an object and air is called

b. Decreasing an object’s surface area by changing its shape

the object’s air resistance.

6. One reason for friction between surfaces is the , or the
dips and bumps on one surface that catch on those of the other surface.

7. One reason for friction between surfaces is that atoms and molecules with

charges attract each other.

Name Date Class
Lesson Outline continued
C. Friction
1. is a force that resists the motion of two surfaces that are
touching.
2. friction prevents surfaces from sliding past each other.

8. ___ decrease friction by causing a slight separation between

solid surfaces, so they don’t contact each other.

The Laws of Motion

1
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Name ' ' Date - -Class

Key Concept Builder LESSON 1

Gravity and Friction

Key Concept What is the law of universal gravitation?

This diagram represents a star orbited by two planets—planet A and planet B. The star is
also orbited by a mysterious object, object X, that entered into the star’s gravitational field.

Directions: Use the diagram to answer each question or respond to each statement.

1. The gravitational force between the star and planet A is the samne as the gravitational
force between the star and planet B. Explain why this is true.

2. The gravitational force between the star and object X is equal to the forces between the
.star and the two planets. From that information, what can you conclude about object X?

Directions: Answer each question on the lines provided.

3. What is gravity?

4. What happens to the gravitational attraction between two objects as the distance
between them increases?

" The Laws of Motion ) : 17



" FRICTION Name Class Date

Determine if the following statements are true or false.

by

. Friction is never useful.

. Too much friction can cause paris to wear out.
______ . Friction can cause sorapés on the skin.

. Some surfaces are so smooth that they have no friction.
. You use friction when you strike and light a match.

. It takes more force to slide than to roll a heavy object.

. Friction works in the same direction as the force applied to move an object.

. When a dolly is stationary, there s rolling friction between the wheels and ground.

|

- O @ o~ U B W N

. Static friction prevents you from sliding out of your chair to the floor.

0. The brakes on a bike create rolling friction.

Read this passage from the text and answer the questions that folfow.
What Is Friction?

Friction is a force that opposes motion between two surfaces that are touching. Friction can work for
or against us. For example, putting sand on an icy sidewalk increases friction so you are less likely
to slip. On the other hand, too much friction between moving parts in a car engine can cause the
parts 1o wear out.

ric:t?on occurs because no surface is perfectly smooth. Even sutfaces that look smooth to the
unaided eye appear rough or bumpy when viewed under a microscope. For example, new metal
pipes are so smooth that they are shiny. But if you examine the metal under a high-power
microscops, the sutface appears to be bumpy. All those mountains and valleys catch and grab the
mountains and valleys of any other surface that contacts the metal. This creates friction.

Questions:
1. Define friction.

2. Give an example of friction that is useful and friction that is not useful.

3. Explain what causes friction.

2
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ESSENTIAL QUESTIONS

# What is Nawton's flrst faw
af mation?

& Howls molian related to
hatanced and unbalanced
forcas?

* What eflect does inertin
kave on the metion of an
object? -

| Vocabulary
E netforcap.5s .

balancad foreds p. 56

unbalanced forcesp. 56

Newton's first law of
maotion p. 57

inertia p. 58

You probably woulld be uneasy standing under
Batanced Rock near Buh), Idaho. Yet this enusual rock
stays in place year after year. The rock has forcas acting
on it. Why doesn't it fall over? The forces acting on the
rock combine, and the rock does not move,

7



magnetlc forces?

picture.

pencil,

Figure 10 Forces
¢hange the motion of
thiz osprey.

magnets either attract

€D Read and complete a lab safety form.

£€) Have your tab partner hold a ring magnet
vertically on a pancl, as shown ia the

€3 Place another magnet on the pencil, and
use it ko push the first magnet along the

€3 Place a third magnet on the same percil
50 that the outer magnets push against
the middle one. Boes the middie magnet
st move along the pencil?

Think About This
1. Pescribe the forces that the other magnets exert on the first magnet in steps.3and 4,

2. §hwmr Key Concept Describe how the motion of the first magnet seemed to depend an ;
whether cach force on the magner was balanced by another foree, :

V4 .m_amm.m_.wk " Index -

Can yor balance magnetic forces? B
Magnets exeit forces on pach other.
on how you hold them,
ar repel cach other. Can you balance those

Dapending

identifying Forces

Qspreys are birds of prey that live near bodies of water,
Perhaps séveral minutes age, the mather osprey in Flgure 10
was in the air in a high-speed dive. it might have plunged
foward 3 nearby lake after seclng a fish i the water, As it
neired the water, it moved its legs forward to grab the Hsh with
its talons, It then stretched out its wings and used them o
climb high into the air Before the osprey comes Lo rest on ity
nest, it swill slow its speed and land softly on the nest's edge,
near the young birds walting for food,

Forces helpeil the mother osprey change the speed and
direction of its motion. Recall that a force is 2 push or a pull,
Some of the forces were contact forces, such as air resistance.
When soaring, the asprey spread ks wings, increasing ajr rosis.
tance, In a dive, it held its wings close to its body, changing its
shape, decreastng fts surface area and air resisiance. Gravity
also pulled the osprey toward the ground.

To understand the motion of an ehject, you need to identify
the forces acting on (4. in this Tessen you will read Baw forces
change the motion of objects,

_H _1mw-m.n.. >
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Supposc vou By to move a piece of heavy furniture, such ag
the dreswer int Figure 11, H vou push on the dresyer by yourself,
you Tave to push hard on the dresser 1o overcome the statle
friction and move 71, If you ask a [riend to pusk with you, you
do ot have to push as hard. When fwe or more forces ack on
an object, the forees cambine. The conbinatiog of aff the forces
acting o an object is the net force. The way in which forces
comblne depends on the disections of the forces applied to an
object.

Combining Forces iny the Same Direction

When the forces applied to an object act Jn the same direc-
tion, the net force is the sum of the individual forces. In this
case, the direction of the net force 15 the same as the direction
of the ndividual Jogces.

Because forces have direction, vou have to speciy a eefer.
ence direction when you combine forces. In Figure 11, for
example, you would probably choose *fo the dight* as the posi-
tive teference direetinm, Both forces then would be positive.
The net force on the dresser Is the sum of the {wo ferges push-
ing in the same direction. One person pushes on the dresser
with a force of 200 N to the right. The other persons pushes
with a force of 100 N 1o the right. The net [ooee on the dievser
15 200 N + 100 N = 300 X to the right. The force applied to the
drosser is the same as if one person pushed on the dresser with
a force of 300 X o tha dyht,

Q, search

@ Reading Chedk How do you calcutate the net force an an
object if two forcas are acting on it in the same direction?

M———

Met force

)

HEeVIEW VOCABULARY '+
reference direction
it dlregiion that you clieone
[1ont a slastlng pelny #r
eyeribie xar abject’s positi

Flgure 11 When forces

In the same direction
combine, the net force IS
also in the same direction.
The steength of tha net
force is the surm of the
forees,

a Visual Check What
wauld the net force ba if
one hoy pushed with 350 N
and the other boy pushed
in the same direction with

180 N?

Persanal Tuter

Thitrresiany

b

'y
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Sir Bsnac Newton studied how forees affect
the motion of objects. He developed three
rules kiown as Newton's laws of motion.
Acconling to Wewton's frst law of motion,
if Nie et force on an object Is zera, the motion
of the offect does naf ¢fange. As a wesult, bal- . =
anced forces and unbalanced forces have dif- SRR ;
ferent results when they act on an object. ST iy

g & B & / clessay index 5 Om—
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acting on an object in
opposite dlrections
combing, tha net force is in
the same direction as the
larger force, The strength of
the net force is the sum of
the positive and acgative
forcas,

Kay Concept Check What is Newton's
flest Faw of motton?

Flgure 14 Balanced forces acting on an
ohiject do not change the object’s speed
and direction.

i Mat force

e eSO —— Balancod Forces and Motion

o . According to Newton's first low of motion,

: balancued forces cause nachange inan abject's
velaclty {speed in a certain divection). This is
true wehen an shject is at rest or in motion.,
ook again at Figuere 13, The dressor is at rest
before the boys push on it 13 remalas at rest
when they apply balanced forces, Similarly,

{

RS

280N

Combining Forces in Oppaosite Directions

Whoen forces act in opposite dircctions on a1 object, the net
furree is still the sum of the forces. Suppose vou choose "o the
right” again as the reference direction In Figure 12, A force In
that direction is positive, and a force in the appesite direction

is negative. The net force is the sum of the positive and nega- "
tive forces, The net force on the dresser s 180 N 1o the right. because the fosces Ly Figure 14-—air veslstance
' : and gravity—-are batanced, the parachuist
Balanced and Unbalanced Forces mioves downward at his terminal veloclty. The mation of an
When equal forces act on an object bz opposite directions, as Terminal velocity is the constant velocity object depends on
+ b Flguee 13, the et force on the object §s zero. The effect is the reached when air resistance equals the force whether balanced
same as iF there were no losces acting on the object, Forves acting of gravily acting on a falllng object. or unbakincad forces B
o are object Wt combine ged faray « et foree of zero are Batanced . actonikt
forces. Batanced forees do not change the moton of an object. @ mmmn.ﬁm n_._mn_a..%fgﬁ Eunmsu to the . ] @ flead and complate
However, the net force ot the dresser in Figure 12 15 ot zem, cnmo_.,.ﬂﬂ_w“ 8 u.“a,._nm car if the farces on ik “ “alab safety form.
Thate is a net force o the rght, Farces acting o an alifect Bt com- are halanced? 3 @ Attach spring scales to opposite sides af
hing and forne a net furce that s sot zero are unbalanced forces, Unbalanced Forces and Motion @ a :uroennn block §~__._ mw“ﬂ“oxu._
Figure 13 s_ﬁm.n two forces . Newton’s first law .o_“ motion only applies | M__._”,_ma mwwﬁnﬂahmmmﬁ”ﬂw &Mﬂn%%u@w%_.
acting on an aw.ﬁﬂ in to bilatced forces acting on an object, When Sketch the setup in your Sciance Journat,
opposite directions are the unbalanced forces act on an object at rest, ireluding the force readings on each
same strength, the forces the objuct starts moving. When unbatanced scale,
are balanced. ¥ forees act on as already movieg object, the 3 % pegans stap 3, puting on the block so that
@\ Visual Check How object’s speed, directiorz of motion, er both It daes ok move.
ara the force arrows for change, You will seagl rore about Twow unbal-
the Eamnwa forces in the anced forces affect an oblect's motlon in the Analyze and Conclude
MWM.MM@F Hw are they next lesson. 1. Explain Use Newton's first law of matien
’ to explain what occurred n steps 3 and 4,
Key Coneapt Chark Howis motion
related to balanced and unbalanced 2 Key Concept How was the blogk's
forces? motion refated to batanced and
= Ohetforce : unbalanced forces?
- [1}!3 r
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calises the crash-lest
dummy to keap moving
farward aflter the car stops.

Waosp QriGi -
nertin
fiom Eoun iers, mmeans
“eeithent Wil mactive™

Make a chart with six
coturnns and sl rows.
Use your chart to define
and show how this les.
son% vocabulary terms
are related, Aftervrard,
fald your chart i haif
and label the outsida
Newton$ First Low.

R T e Gt FNAE iy

e Do —n.\.. ..w._.u-‘-wsie.rﬂ

] Visual Check What effect would a sheulder belt and a lap belt
have on the [nertia of the crash-tast dummy?

inertia

Accarding 10 Newton's first Iaw, the motion of an object
will rot change 1f balanced forces act on it. The terdency of an
oltfect to resist o chege Br ity motion Is cofled inegtin dhn UR
shuh). Inertia explalag 1he motion of the crash-test dummy in
Figure 15. Before the crash, the car and dummy moved with
vonstant velocity, If no other force bad acted on them, the var
and dummy would bave continued moving with constant
velodity because of inertia, The impact with the barrier results
bt an unbalanced force on the car, and 1the car stops. The
dunumy continues moving Forward because of its inertia.

v Key Concept Check What effect does inertia have on the
mction of an object!

Why do objects stop moving?

Think about how Friction and inertia together affect an
object’s movement. A book sitting on a table, for example, stays
in place becanse of inertia, When you push the book, the force
you appiy o itte book Is greater than static frlcllon between the
book and the table, The book moves In the direction of the
greater force, B vou stop pushing, friction steps the book.

What would happen if there wete no filetion Detween e
book and the table? Inertiz would keep the book moving.
According 1o Newton's flrst Jaw, the book waudd continue 1w
maove at the same speed in the same direction as your push.

On Earthy, friction can be reduced but not totally removed.
For an object to start moving, a foree greater than statie friction
must be applied to it. To keep the object in motion, a force at
least as strang as (riction marst be applied continuously, Objects
stop moving because fsiction or anoiher force acts on them.

b,

| What do you thinlke

5 O Q:

Unbalanced forces
cansa an chject to
move,

According lo
Rewion's first faw of
matlon, if the nat
force on an objectis
2ero, the objuct’s
matian dogs not
change,

inartia is a property
that resists 2 change
nthe eotien of an
ehject.

Save your Foldable for the project at the end
of the chaptar.

.mm

o S i A

You firit r2ad Uhe stalements below atihe
beginning of the <hapter,

3. Forces acting oa an cbject cannat be
added,

. A movirg object wil stop if no forees act
onit,

Bid you change your mind about whether yau
apree ar disagree with the staternents? Rewrite
any false statemants ta make them wue.

Q, search

Use Vocabulary

43 Dafine et force in your own words.

€3 Distinguish between bulanced forces and
unbalanced forces.

tinderstand Key Concepts

A YUEL LE

A

I’

#9 Which causes an object in motion 10
remain in mollon?

A, friction [
B. gravity D,

e Apply You push a coln acress a table. ¥
" cein stops. How does this motion ielate to
balanced and wibalaticed fotees?

&3 Explain Use Newton's first faw to explain
why a book on a desk does not move.

inertia
vilogity

Interpret Graphics

43 Analyze What is the missing forme?

135K

Hetforte = 15N

&} Organize Informatlon Copy and il in
the graphic organizer below to expiain
Mewton's fiast law of motion in each case.

Ghiject at rest

Qbject in motlon

Criticat Thinking

@ Extend Three people push a piano on
wheels with forces of 130 N to the right,
154 ¥ to the tely, apd 165 N 1w the right,
What are the strength and dlrection of the
net force on the plano?

€ Assess A child pushes down on a boz lid
witlh a force of 25 N. AL the same Ume, her
friend pustivs down on the i with a lorce
of 30 N, The spring on the box lid pushes
upward with'a force of 60 N, Can the
ehlldren close the box? Wiy or why nok?
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Name : Date Class

Lesson Outline \ LESSON 2 3
Newton’s First Law |
A. Identifying Forces is

1. To understand the motion of an object, you need to understand the

acting on it.

2. When two or more forces act on an object, the forces

. The combination of all the forces that act on an ob}ect is
the

b. When the forces applied to an object actin the same direction, the net force is

the of thg individual forces.

c. Because forces have direction as well as strength, when you combine forces, you

also have to specify a(n)
d. When you combine forces in two opposite directions, one force is

and the other force is

e. When the forces apphed to an object act in exact opposite directions, the net

force is the of the individual positive and negative
forces.

3, Forces that combine and form a net force of zero ate

a. Balanced forces have no effect on the of an object.

b. Forces that combine and form a net force that is not zero

are

B. Newton’s First Law of Motion

1. According to , if the net force on an object is zero, the
motion of the object does nof change.

2. When forces act on an object, the object’s velocity does
not change.

3. If unbalanced forces act on an object at rest, the object will

start

4. Tf unbalanced forces act on a moving object, the object will change

its

The Laws of Motion 27



" Name _ Date Class

Lesson Outline continued

5. The tendency of an object to tesist a change in its motion is
called

C. Why do objects stop moving?

1. A book sitting on a table stays in place because of

2. If you want to make the book move, you have to push the book hard enough to

overcome the . between the book and the table.

3. On Earth, can be reduced, but it never goes away
completely.

4, On Earth, to keep an object in motion, a(n) _ that

balances friction must be applied continuously to it. .

28

The Laws of Motion
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Net Force Worksheet

Name;

Period: 1 2 3 4 5 6 7

The force that results from all the combined forces acting on the object is called the net
force. Calculate the net force acting on the box in the following problems.

Be sure to include the direction of the net force (left or right)!

AN €

Net Force:

AN —>

< 4 N

Netf Force:

8N €

Net Force:

Net Force:

—> 4 N

| €= 3N

<— 3N

6 N €—

3N —>»

Net Force:

7N €

Net Force:

BN ———>

Net Force:

4N —>

Net Force:

2N =>
AN me—>

> 2N

—> 3N

€ 5N

€«— 5N

Net Force:

10.
7N €

4N —>

Net Force:

—> 4 N




11, What is net force?

Show your work on problems 12-14

12. A boy pulls a wagon with a force of 6 N east as another boy pushes it with a force of 4 N
east. What is the net force?

13. Mr. Smith and his wife were trying to move their new chair. Mr. Smith pulls with a force

of 30 N while Mrs. Smith pushes with a force of 25 N in the same direction. What is the net
force?

14. The classes are playing tug of war. Mrs. Larson’s homeroom pulls with a force of 50 N.

Ms. Mitko's homeroom pulls with a force of 45 N in the opposite direction. What is the net
force? And who won?

C
15. What is a balanced force?

16. What is an unbalanced force?

17. Draw a picture below that shows an example of a balanced force (examples: a bird’s
nestina tree, a hat on a person’s head, or a light hanging from a ceiling). Show the forces
acting on the object. In a separate picture show what would happen to the object if the
forces became unbalanced.



o i,
Materials

markers
{red, bluea,
black, green)

Fossammssan s mon ssasimiac?

Nﬁ \. : m"ommmwx * Index -

How can you model Newton’s first law
of motion?

According to Newton's first law of motion, balanced forces do not
change an object’s motion. Unbalanced forces change the motion
of objects at rest or in motion. You can model different forces and
thelr effects on the mation of an objeet,

Apply it
ﬁ Suppose aforce of M easta |
" force of 12 ¥ wast, and a force of
4 b east act an a Moving object.
Use dliferent cofors of markers to-
rnodet the farces on the oblect.

’ What is the net farce on the
Tryit. . @ object? Arg the forces you
4P Draw a lin across 2 sheet of lined madeled balanced or
notebook paper fengthwise. Place unbalanced? Wil the forces
an X at the center. Each space o change the abject’s mation?

the tight of the X will model a @ Madel other examples of

”Mqﬂmﬂwnzsm_wﬂrﬂﬁ ._BZn_”h”wnm balanced and untalanced forces
* acting on an ebject. in each case,

Learn It

When you model 2 cangept in sci-
ence, you act it out, or inmitate it. You
cart mode] the effect of batanced and
unbalanced forces on motion by
using movemants on a line.

€3 Suppose aforce of 3N eastand a decide which forces will act on
force of 11 Nwest acton a the object.
g e Mo 05 Gy oy ot
4 FatAz of the forces you modeled,

drawing a red arrow thiee spaces
10 the right, Thea, start at that
point and draw a blue arrow

11 spaces ta the left, The net force
is modeled by how far this poiat
is from ¥, B N west.

determine the net force, and
dacldea if the forces are halanged
or unbalanced. Thes, decide f the
forces will change the chiagts
motion. ’

£2 Are the forces you modeled
balanced or unbalanced? Wil
the farces change the object’s
motlon?

Key Concepts
ESSENTIAL QUESTIONS

* \What is Newton's second
faw of motion?

* How does centrpatal force
affact cireular motion?

Voeabulary
Newton'ssacond faw
of motionp. 65
Lirceslar mation p. 65
centripatal forca p. 66

By

The archer pulls back the string and takes airn. When

she refeases the siring, the arrow spars thraugh the air,
To reach the targat, the arsow must quickly reach a high
spaed, How is it able to move so fast? The force from
the string determines the arrow’s speed.



What forces affect motion
along a curved path? E
When {raveling In a car or ricling on a rofler
coaster, you can feel different forces acting
on yout as yall move along a curved path,
What sre these forces? How do thoy affect
your metion?
€3 Read and complele a lab safety form.
£3 sttach a plece of string about 1 m lang
o 2 rolled-up sock,
WARNMING: Find a spol away from your
classmates for the next steps,

Maosice the force tugging on the string,

Think About This

1. Describe theforces acting along the string white you were swinging it, Qlassify each force as
batanced or unbalanced,

r3 %ﬁ. Key Concept How does the force from the string seem 1o affect the socks motion?

How do forces change
motion?

Think ahoul different ways that forces
can change an abjeet’s nmtion. For examyple,
how do forces change the motion of
soreony riding # bicycte? The forces of the
persnn’s feet on the pedals cause the wheels
of the bicycle ta turn Faster and the bicycle's

speed to Jacrease. The speed of a skater |

slowly shiding across ice gradually decreases
because of [riction between the skates
and the ive. Suppase vou are pushing a
wheelbarrow acress a yard, You can change
it$ speed by pasling with moere or less force.
You can change its direction by pushing it in
the direction you want to move, Forces
change an abfect’s motion by changing its
speed, its disection, or both its speed and its
directiva,

£3 Whil2 halding the end of the string, swing the sock 2round in a gircle above your head, .

€3 Repeat step 3 with two socks ralled together. In your Sdience Journal, compare the ferce of
swinging ene sack 1o the force of swinging two socks.

i Index |

Unbalanced Forces and Velocity

Velocity ds speed in a certaln direction,
Ondy unbalanced forves change an object’s
velocity, A bicyele’s speed will not increase
unlesy the forces of thi person’s feel on the
pedals s greater tha friction that slows e
wheels. A skatees speed will not decreose it
U2 skater pushes back against the ice willia
force greater than the friction against the
shates, B soreone pushes the wheelbagrow
with the same force but in the opposite
direction that wou dre pushing, the wheel-
barpow's direction will not change.

In the previous lesson, you read about
Newton’s first law of motlon—balanced
forces do not chatige an object’s velecity. 1n
s tesson you Wil read about how unial-
anced forces affect the velocily of an object.

Q Search -

i:tl

An example of how unbalanced forces agfect 2n cbject at
rest is shown in Figure 16, At first He ball is not moving, The
nand hotds the hall up ageinst the downward pull of gravily.
Because the lorces an the ball are balanced, the ball remains at
rest, Witen the haond moves out of the way, the ball fatls down-
ward. You krow thas the forces on the ball are now unbalanced
because the ball's motion changed, The ball meves in the direc-
tion af fhe net foree. When unbalanged forces act on an object
at rest, the object begins moving in the direction of the net
foree.

Uabalanced Forces on an Dhject in Motion

Unbalanced forces change the veloelty of 2 maving object.
Recall that one way to change an object’s velocity is to change
its specd,

Speading Up If the net force acting on a maoving object is in
the direction that the object is moving, the object will speed
up, For example, # net force acts on the sted i Figure 17,
Because the net foree is I the direction of motion, the sled’s
spueed Incrsss,

Slowing Down Think about what happens if the dlrection of
the net force an an object is opposite to tire direction the
object moves, The object slows down, When the boy sllding on
the sted in Flgure 17 pusties his foot against the snow, friction
acts in the direction opposite to his motfon. Because the net
force is in the direction oppasiic Lo the sled’s motion, the shed's
speed decreases.

@ mmm&:mnwmnra..ﬁ:m;wﬁnm:ms%mmnmmnomme.__mmu:a_::m
ta the right If & nat force o the right acts o it?

Speading up . - Slowing down

Paiaey e

I Force cearted
by hard

[ Farce due
¥ waguavity

Unbalascad Fores

Forge dup
10 dravity

v LT e e
A, Figure 16 When
unbalanced forces act o a
all at rest, it movas in the
direction of the net force.

< Flgura 17 Unbalanced
farces can cause an object
to speed up or shkaw dowr

& Visual Check How
would the net force and
velocily arrows in the left
phato change if tha girl
pushad hardar?

o




Figure 18 Unbalanced fosces act on the bifliarg

ball, causing 1ts dirsclion to change.

MiniLab

\. Glossary - Index

Changes in Direction of Motion

Another way that unhalanwed forces can
change an object’s velocity is to change its
direction. The hall in Figure 18 moved 41 3
constant velocity untik it hit the rail of the
biflland table. The foree applied by the rall
changed the ball’s direetton. Likewise, unbal-
anced forces change the direction of Earlh’s
crust. Recafl that the crust ls broken inlo
moving pleces catled plates. The direction of
one plate clianges when attother plate pushes
agaitat it with an unbafanced force.

Unbalanced Forces and
Accelaration

You have read how uabatanced forces can
change an ohject’s velocity by changing its
speed, 1ts direction, or both is speed and ks
direction. Arother name for a change in
velucity over time is scceleration, When the
glrl in Figure 17 pushed the sied, the sied
aceelerated because itsspeed changed, When
the billiard ball in Figure 18 hit the stde of
the table, the ball accelerated because its
direction changed. Unbalanced forces can
make an objedt accelerale by changing ils
speed, its direction, or both,

Reading Check How do unbalanced forees
affect an objeet atwesf or in motian?

30 minutas

object change?

Anaiyze and Conclude

How are force and mass reloted? (B3 HE

Unbsalanced forces cavse an object to acceferate, IF the mass of
the object Increases, how does the force regquired to accelerats the

£% Read and complete o lnb safely form.

£ Tie a string 1o 7 smali box, Pull the box about 2 m across the
fioor. Notice the force required to cause the box to accelerate.

£ Putclay in‘the box o increase fts mass. Pull the box so that its
acceleration is ahout the same as before. Notice the force required,

1. Compare the strength of the force needed 1o accelerate the box each time,
2. §Bner Key Concopt How did the mass affect the force needed to accelerate the box?

5 Oemeen & Q Search
Newton's Second Law of Motion ;
Isane Newton ko described the relationshig belween an
abject’s acceleration (change In velocity over tme) and the net
force that acts on an object, Aceonding to Newton's secomllasy
of motion, the acceleeation of an abject 15 equatl 1o the net force
actityg o the olyject divided by the object’s anss. The direction of
acceleration s the same 95 the digection of the et fore.

Make a hall-book from
a sheat of rotebock
paper. Use [t to orga-
nize your notes on
Newton's second faw,

w.. wfa.

Key Concapt Check What is Mewton's second law of motian?

Newton'’s Second Law Equation . w,.:s.,.m...c,?oﬂ
acealeration fin m/sh) = :MH““M"M ”& : & AL
£ -3
4= i

&

i P

g b ettt
Notice that the equation for Newton's second law has 8I
unity. Acceleration is expressed in meters per second squared
{mys?), mass In kilograms (kg and foree In newtons {N). From
this equation, it fotiows that 2 newton is the same as kg-m/s®.

Math Skills Hewton's Second Law Equation

\
Solve for Acceleration You throw 2 0.5-kg basketball with a force of 10 N.What is the
acceleration of the ball?

Q This is what you know: mass; m=05ky .
foree: F =10 Nor 10 kgem/s? i

£} Thisiswhatyou nesd tofind:  aceeleration: &

€ Use this formuly =t
* kgomyst
£ substitute: T oa= Q‘W.MM_ = 22
g kg
the valyes for £ and ot
into the formula and divide. -

=20 mis?

Answer: The aceeloratlon of the ball is 20 mys?.

« Math Practice
+ Personal Tuter

Practice
1. A 24N net force acts an an B-kg rock, What is the acceleration of the rock?

2. A 30-N net force an a skater produces an accelaration of 0.6 mifs®, What ls the mass of the
skater?

\ 3. What net force acting on a t4-kg wagon produces an acceleration of 1.5 m/s%?

&

[28
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Circular Motion

Newton's second law of motion desceibes the refationship
botween an object’s change in velocily over Hme, or accelera.
tion, and unbalanced forces acting on the object. You already
read how this relationship applies to motion along o lne. 1t
. . also applies to circular motion. Cireuslar motion iy any notion
fts which an ebject is mmdng whmig o corved prth,

Centripetal Forge

The ball in Figure 19 35 in circular motion, The velocity
arrows show that the bail has a tendency to move along &
. sleaight path. lnesila—nol a force—causces this motlon. The
Wort ORIGIN -« --rrree- badl's path s curved because the string pulls the ball imward.
centripetal b circular motlan, o force thal acts perpendicidar to the direction
rtue Tabin contripelss nwans of motion, tmvard e center of Hie carve, is centrpetal (Sen TRE
rosan] the el puh whly force. The figure also shows that the ball accelerates

Ly the dircetton of the centrlpetal foree.

%@ Key Concept Check How does centripetal fosca affecl
circedar motion?

The Motion of Satellites and Planets

Figure 19 Inertia of the :

moving object and the Another abject that experiences eenlripetal fotce is 4 satel-
centripetal force acting on fite. A satellite is any object in space that orhits a Jarger object,
the object produce the Like the ball it Figure 19, a sateliite terds to move along a stralah

cireedar motion of the ball

path because of inertia. Bus just as the string polls the ball inward,
and the Moaor,

gravity pulls a satellite inward, Gravity is the centripetal force
that keeps a satellite inorbit by changimg ts direction. The Moon
Is a sutellite of Farth. As shown n Figure 19, Barth's gravity
changes the Moon's direction, Stmilacdy, the Sun's gravity
changes the directlon of its satellites, including Farth.

€ Visual Check How
does the direction of the
velodity of a satelilte differ
frem the direction of its ;
acceleration?

Circalar Motion

T
| s Agcclermvion
5 m el Lenttipetal force
e 4 e 1
el Centripenal
ﬁ {arce expited

R —
e i

S
.\ﬂw:n_%a“ force

dite ta gravity

1]
£

" Visual Summary.

Unhalanced forces
£ause an ghject Lo
spacd up, slowr
down, or change
diraction,

MNeweton's second law
af molion relates an
object’s acealeration
0 ity mass and the
net force on the :
object,

Any motion in which
an aljact is moving

atong a cunvd path 3
1s clreular rantion,

Psé your tesson Fofdable to review the lesion,
Save your Foldable for ke project at the end
of the chapter. )

‘What do you think

You first read the statemonts below at the :

beginning of the chapter X

5, when an objects speed ingreases, the
object acceierates

6. If an object’s mass increases, its aceeleration

also Incraases ¥ the net force acting on the
object stays the sama,

Did you change your mind sbout whether you
ageee or disagres with the statements? Rawrite
any false statements fo make them trus,

Q search

DOntine Qulz |

Use Vocabulary

§h Explain Newton's second Jaw of motion in
your own words.

@ Use the term crcalr imolion in a sentenee.

Understand Hay Concepts
€5 A cat pushes a 8,25k toy with a met foree
af & N. According to Newtow's sccond law
what i5 the acceleration of the bali?
A, 2mfs? C 16 misd
B. 4 mfsd D 32 mist

&} Describe hiow centripetal force affects
circular motion.

Interprat Graphics

&) Apply Copy and Gl in the graphic
nganizer below. Give examples of
unbatasieed forees on an abject that
could cause an object Lo accelerate,

@ Complete Copy the graphic erganizer below
aud complete eaxch equation according 10
Newtan's second iaw.

Critical Thinking

& Dastgn You need v Hft up a 95-N object.
Draw an itlustmtion that explains the
strengih and dlrection of the fovce used
to lift the objest.

Hath Practicg ~———m

@ ‘The foree of Larth’s gravily is about 10 N
dowinward. What §s the accelvration of a
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Name Date Class

Eesson Outline \ LESSON 3
Newton’s Second Law
A. How do forces change motion?
1. Forces change an object’s motion by changing its , its
ot both. |
2. Only forces can change the velocity of an object.

3. You know unbalanced forces are acting on an object that is at rest when the object

starts

4. Unbalanced forces change the of a moving object.

a. If a net force acts on a moving object in the direction that the object is moving,

the object will

b. If a net force acts on a mMoving object in the direction that is opposite to the

direction that the object TMOVES, the object
¢. Another way unbalanced forces can change the velocity of a moving object is 10

change the of the object's motion.

5. The force of gravity acts on a ball that is thrown by changing the direction of the
ball, pulling it

6. Another name for change in velocity over timeis —— —————————

7. Unbalanced forces can make an object accelerate by changing the object’s

, or both.
B. Newton's Second Law of Motion

1. According to _, the acceleration of an object is equal to
the net force acting on the object divided by the object’s mass.

2. The direction of acceleration is the same as the direction of

the

3. The units for Newton’s second law are ST units—force is measured in

: mass is measured in

acceleration is measured in

4. One newton is the same as one
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Lesson Outline continued

C. Circular Motion

a6

1l

is any motion in which an object is moving in a
curved path.

2.

: causes objects to tend to move along a straight path.
3. In circular motion, a force that acts perpendicular to the direction of motion

toward the center of the circle is called a(n)

4. An object that is moving in a curve accelerates in the : of
the centripetal force.

5. Any object that circles a larger object is called a(n)

a. Satellites move in a circle because a(n) acts on them.
b.

is the centripetal force that acts on satellites by
continuously changing their direction of motion; this results in

motion.

6. Earth’s keeps the Moon in orbit around Earth.

gravity pulls

7. The planets remain in orbit because the
on them. :

The Laws of Mation
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Content Practice Aw LESSON 3

- Newton’s Second Law

Directions: On each line, write the term from the word bank that correctly completes each sentence. Each term is
used only once.

acceleration center centripetal force direction gravity
' . inertia mass newton ' speed - straight
. 1. An object’s velocity can be changed by changing its , its
, o1 both.

2. A change in velocity over time is called

- 3. Theincreasing speed of a falling object is caused by

4. One kg-m/s® can also be expressed as 1

. 5. Newton’s second law of motion describes acceleration as force divided

by
6. Because of , an object in circular motion has a tendency to
move away in a(n) : line.

7. The force that pulls an object in circular motion and keeps it in circular motion

is

8. The-direction of the force that pulls an object in circular motion is toward the

of the circle.
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Name Date : Llass

w LESSON 3

Newton’s Second Law

Key Concept How does centripetal force affect circular motion?

Directions: The diagram shows a ball on a string being swung around in a circle. Use the diagram to answer
each question. .

1. What force keeps the ball moving in a circle?

(-

2. What is producing this force?

3. Why is the ball accelerating?

4. In which direction is it accelerating?

5. If the ball broke away from the string at the position shown, would it move away
on line A, B, or C?

6. What causes it to take this path?

7. After breaking away from the string, what is the main force that would be acting
on the ball? -
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