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Define force and identify the cause of all accelerations. Student Textbook

82

Force

Consider a textbook resting on a table. To cause it to move, you could either push or pull on it. In

physics, a push or a pull is called a force. If you push or pull harder on an object, you exert a

greater force on the object. In other words, you increase the magnitude of the applied force. The
direction in which the force is exerted also matters—if you push the resting book to the right, the
book will start moving to the right. If you push the book to the left, it will start moving to the left.

Because forces have both magnitude and direction, forces are vectors. The symbol F is vector

notation that represents the size and direction of a force, while F represents only the magnitude.

The magnitude of a force is measured in units called newtons (N).

Figure 1 The hand pushing on the book exerts
a force that causes the book to accelerate in the

\ | _—
- . B B direction of the unbalanced force.
t=0st=05s t=10s t=15s t=20s
™ — — —_— & -
v v v v
i L L o B
a a a a
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Classify forces as either contact forces or field forces and realize that Student Textbook

they result from interactions caused by agents.

A I
Fiabie Fstring ‘_,-------.,q“
on book on book i .,
Y el .'..‘ e—— ‘l
"‘-- - “‘ ‘ ( —_— '
.—’Fh K I — . ‘- s
o =) >
{als] S S— £
- ““ ""‘ ‘--h-----'-.'
"..---- A ==
Fearth's mass - Systﬂm
on book System F. FEarth's
Earth's mass on book
y mass onbook
. . ¥ =
Force exerted by string is a contact force Force exerted by Earth’s mass is a field force

Identify the system




[1] Interpret the graph of net force versus acceleration. Student Textbook

: , : 86-87
3 [2] Find the mass of an object from a force-acceleration graph Figure 5/Figure 6
Acceleration v. Force Acceleration v. Force
| 1cart
] - 207
2.0 T Nm
&; E 15¢
Eisf § ,
‘ = carts
= T § 10
E 104 % 3 carts
i o g 057
= «
.—Wﬂ 7]
- & DE T ¥ y + * 4 $ y i
3 020406081012 14 16
Changing the Mass of the System R Force (N)
02040608 10 12 14 16 X
Force (N) Same Force on Different Masses
Various Forces on the Same Mass Figure 6 Changing an object’s mass affects that

object’s acceleration.

Compare the acceleration of one cart to the
acceleration of two carts for an applied force of TN.

Y"1 | | Mass= —
X,—X, Slope

Slope=
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— Fner
(a="22).

[1] Relate the direction of the acceleration to the direction of the net force.
4 [2] State Newton’s second law of motion and write it in equation form

Student Textbook

88

Newton’s Second Law

The acceleration of an object is equal to the sum of the forces acting on the object divided

by the mass of the object.

Figure 7 The net
force acting on an
object is the vector
sum of all the
forces acting on
that object.

Force exerted by
first dog on sled

o——3 40N
+

Force exerted by
second dog on sled

+——> 40N

Net force on sled » 80N

imn.d

Figure 4 The net force s F"'E'/ITI

acting on the tableis

the vector sum of all
the forces acting on
the table. This case
only considers the
horizontal forces
acting on the table.

floor
F,=100N \/i

y
F, =100 N F,=100 N F,=100N  F,=200N F,=100 N N

——————— — & ol

Froee =0N F,.;=200N F...=100N
_— = —
Equal forces Equal forces Unequal forces
Opposite directions Same direction Opposite directions
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5 Define inertia and state Newton’s First law of motion (as a law of

. . Student Textbook 90
inertia).

Inertia

Inertia is the tendency of an object to
resist changes in velocity.

“An object that is at rest will remain at
rest, and an object that is moving will
continue to move in a straight line
with constant speed, if and only if the
net force acting on that object is
zero,” is called Newton’s first law.

» Newton’s first law is sometimes called the law of inertia.

» |sinertia a force? No. Forces are results of interactions between two objects;
they are not properties of single objects, so inertia cannot be a force.

Al Shahama School Physics Department N\ 6
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6 [1] Define equilibrium.

[2] State the conditions for an object to be in equilibrium. Student Textbook ol

P— ‘ . Which of the following objects is not in equilibrium?
SOV Al 8 gl BN Wlia W (e )

Equilibrium,v=0,a =0

S jludly 2B e a. O A car moving in a constant acceleration

AN ; | a8 S
faigle 05 Lt b. ©A book at rest on a table

e clau u.\l.‘- ‘)rlm é‘,.\:\.‘ . . .
¢ OA box resting on an incline surface

Figure 9 An object is in equilibrium if its velocity isn't changing. In both cases pictured here, velocity isn't changing, so the net force must be zero. . . . .
d. O A train moving with a constant velocity

Equilibrium According to Newton'’s first law, a net force causes the velocity of an object to

change. If the net force on an object is zero, then the object is in equilibrium. An object is in
equilibrium if .1t is moving at a cons_tant vel?c1ty. -I\.Tote that being at rest is ?nmply of t’he state of Which of the following objects is in equilibrium?

constant velocity, = 0. Newton’s first law identifies a net force as something that disturbs a SOl Al 3 AWl o 61
state of equilibrium. Thus, if there is no net force acting on the object, then the object does not ]

experience a change in speed or direction and is in equilibrium. Figure 9 indicates, at least in

terms of net forces, there is no difference between lying on a sofa and falling at a constant An apple atreston a table
velocity while skydiving—velocity isn't changing, so the net force is zero. , Ayl e Sl ddls (s i dalsi
3.

A box accelerating on an incline surface

5.

A car moving in a constant acceleration
6. @U&J@ﬁdtﬁ‘)ﬂﬁ)@n

7.

. A train moving with a changing velocity
Al Shahama School Physics Department o e de yun &l aty Ui




7 [1] Define an object's weight. Student Textbook 92

[2] Calculate the weight of an object. Practice Problems (16/17) 93

Weignt

An object’s weight is the gravitational force experienced by that object. This

gravitational force is a field force whose magnitude is directly proportional to the mass
of the object experiencing the force.

Fg=mg
The mass of the object is m, and g, called the gravitational field, is a vector quantity.
Near Earth’s surface, g is 9.8 N/kg toward Earth’s center.

PRACTICE Problems W ADDITIONAL PRAC

16. You place a 4.0-kg watermelon on a spring scale that measures in newtons. What is the scale’s reading?
17. You place a 22.50-kg television on a spring scale. If the scale reads 235.2 N, what is the gravitational field?

Al Shahama School

Physics Department



. Student Textbook
8 Describe the factors that drag force depends on. 96

Get it

A drag force is the force exerted by a fluid on an object opposing motion
through the fluid.

This force is dependent on the:

» Motion of the object- more the speed of the object, more is the drag force.

» The properties of the object- more size and area of object, more is the drag
force.

» The properties of the fluid that the object is moving through-density and
viscosity of the fluid- more density, more drag force

%Get 1t?

Describe how the wingsuits shown in the photo at the beginning of the module affect
the drag force experienced by the skydivers.

Al Shahama School Physics Department



[1] Define terminal velocity.

velocity is reached.

9 [2] Apply Newton’s second law to calculate the drag force when terminal

Student Textbook

Check Your Progress 22

97

Terminal velocity

Figure 12 The drag force on an objectincreases as its

The constant velocity that is reached

when the drag force equa

s the force of

gravity is called the terminal velocity.

22. Terminal Velocity The skydiver in Figure 13
falls at a constant speed in the spread-eagle
position. Immediately after opening the
parachute, is the skydiver accelerating? If so,
in which direction? Explain your answer.

Figure 13
w

Yes, immediately after
opening, Skydiver is
accelerating downward.
After some time, drag force
becomes equal to his weight,
and he falls remaining
distance with constant speed.
Drag Force = Weight=mg

o<

-

-

v

Al Shahama School Physics Department I

velocity increases. When the drag force equals the
gravitational force, the object is in equilibrium.

At Terminal velocity,

Fun Drag force= Weight

F As velocity

the drag force
also increases.

At this point,
Fdrag = Fq.
Fs  The ballno

longer accelerates

because the net
F force is zero. It is

drag . .
falling at its

terminal velocity.

1
d increases, FI:Irag — F

gd.

N0




[1] State and explain Newton’s third law of motion.

[2] Apply the mathematical representation of Newton's Third Law in
numerical problems.

Definition of Newton’s third law

10

All forces come in pairs. The two forces in a pair act on different objects and

are equal in strength and opposite in direction.

Newton’s Third Law

The force of A on B is equal in magnitude and opposite in direction of the force of
B on A

AonB —

-F

Bon A
EXAMPLE Problem 4

EARTH’S ACCELERATION A softball has a mass of 0.18 kg. What is the gravitational force on Earth
due to the ball, and what is Earth’s resulting acceleration? Earth's mass is 6.0x10%* kg.
1 ANALYZE AND SKETCH THE PROBLEM

« Draw free-body diagrams for the two systems: the ball and Earth.

Soﬂ'bal{ ,

‘ . , Lo Y Newton’s Third Law F
« Connect the interaction pair by a dashed line. + Y Feathon o table on ball
b4 ball s
KNOWN UNKNOWN iy ~ e
™ ,i F ball on
mball = 018 kg FEarm on ball = 7 & Eaih
m_ . =6.0x10"kg g=9.8N/kg a..=?
2 SOLVE FOR THE UNKNOWN F,

9
Use Newton's second law to find the weight of the ball.

F

The two forces acting on the ball
Earth on ball = mballg

are Fu«'.‘w o bal and Fl“ﬂ s muass on bt

These forces are not an interac-
tion pair.

= (018 kg)(—9.0 N/kg)
=—18N

Substitute m,_, = 018 kg.g = —9.8 N/kg.

Use Newton’s third law to find F,

ball on Earth”

Foaoncath = Frathonbn — — (18 N) Substitute £ e = —1.8 N.
=+1.8N
Use Newton'’s second law to find a Earth.
Fne:
aEarth = ﬁ-'E&rlll
= % Substitute F_ = 1.8 N, m__ = 6.0x10% kg.
0x 9 .

Al Shahama School Physics Department

= 2.9x107% m/s? toward the softball

Student Textbook

98-99

Example Problem (4)

100

s 2 F N
Mg Earth on ball*~
FL\A'- on table

Force interaction pair between

ball and table.

~
~
~
~
~
~
~

~

ball and Earth.

Fball on Earth

Force interaction pair between

’_/__-
Vo
i ’
| ! o



11 Define the tens.iﬂn force and explain how Newton’s Third Law applies Student Textbook 101
to forces on strings and ropes.

Tension is simply a specific name for the force that a string or T

rope exerts. ; ™ E_lFT (bottom on top)
/ A
: 1I FT (top on bottom)

Tension in the rope = the weight of all objects below it \ l  VF,
=

Figure 17 Thetension in the rope is
equal to the weight of all the objects

- . > - hanging from it.

FA on left side Fright side on left side Fieft side on right side

- i v

-~ -
B >
N -

AD

ll

"“’w Jr -.-

Team B-




12 Define the normal force and use examples to show that the normal Student Textbook 103

force is not always equal in magnitude to the weight of the object.

The Normal Force the perpendicular contact force that a surface exerts on another surface.

» The normal force always is
perpendicular to the plane of
contact between two objects

» The normal force is NOT always
equal to the weight of the

F
object.
FN
Ymg mg mg
Fy=mg, Fret =0 Fyn<mg, Fret =0 Fn=>mg, Fret =0
Figure 19 The normal force is not always equal to the object’s weight. /7

Al Shahama School Physics Department “-.;_13



13 Distinguish between static and kinetic friction. Student Textbook 118

Kinetic and Static Friction

Kinetic friction is exerted on one Static friction, which is the
surface by another when the two force exerted on one surface by
surfaces rub against each other another when there is no
because one or both surfaces are motion between the two
moving. surfaces.

7,

Py

< . >

< L >
Ftatic friction Fyou on couch a sndrinatis drigtion Physic’s:mbaﬁﬁ%'%h il




coefficient of kinetic Friction

14 Relate graphically the frictional force to the normal force and find the

Student Textbook 118-119

Pf, kinetic - kaN

Kinetic Friction Force v. Normal Force
45 | | [ [ |

The figure below of the kinetic friction vs normal force for a block pulled along different
surfaces (A,H,R,Z) shows a linear relationship between the two forces for each surface.
Which of the following statements is correct?

4.0 L= Sandpaper R : . . . . . " .
= ~ Rough table // 2929 (AH,R,Z) dalizes zlawl (e Digoran AST Ldg0all 59all Lilas L_Sjadl > pbsl Sl s g
= 3.5 |"— Highly polished table $ oo AW Ohladl e §1 e JSI n59all (o ddasdl 235kl
3.0 : )
o
T 25 (s i S et o) s
5 20 — g% 40 .
S e € as
g :{5} =l gﬁl 3.0 s
gl ——— 92
0.5 £ 15
0.0 2
o 1 2 3 4 5 6 7 B8 9 10 T 05
Normal force {N] 9" 2 3 4 5 6 7 8 9 10
(ND) zaslaz )l 302l
Figure 12 A plot of kinetic friction v. normal force for a block mome e

pulled along different surfaces shows a linear relationship
between the two forces for each surface. The slope of the line is y,.

Compare the coefficient of kinetic friction for the three surfaces
shown on the graph.

Calculate the coefficient of kinetic friction for:
1. Sandpaper

2. Rough table

3. Highly polished surface

Al Shahama School

Physics Department

Lo () a> () v ()2
2. [le)z}( uk)R}(l-Lk]A
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Identify the forces acting on an object moving on an inclined plane and

15 . Student Textbook 125
draw the free body diagram.
Pictorial Model Motion Diagram Free-Body Diagram
Fn
v
Begine. F
., {net
o
a \
End 0
v
FS
Figure 17 The girl's weight causes her to accelerate down the slide.
Describe how the component of the girl’s weight parallel to the incline changes when the angle befween
the slide and the horizontal increases.
o
/ ’ o N g .:‘\
‘/ ! e A
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