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a-1 :

Changes i motion

| 4-1 SECTION OBJECTIVES FORCE

k of force, we usually imagine 2 pushora pull exerted on so,,
n 3 !

Y- Exglanhiw foneafiect B When we thi a ball when you throw or kick it, and
M object. For instance, you €xer™ s Eorce represents the interac
. : . it in it. For ¢
* Distinguish between contact you exert a force on chair when you sit in 1t o

forces and field forces. of an object with its environment.

¢ Interpret and construct free-
body diagrams. :
Forces cause changes in velocity

In many situations, a force exerted on an obje
i in Figure 4-1. A force can cause a sta-

i : 4 i shov
ity. Some examples of this are ‘
tionary object to move, as when you throw a ball. Force also causes moving

objects to stop, as when brakes stop your car or when you catch a ball. A force
can also cause a moving object to change its direction, such as when a basebal
collides with a bat and flies off in another direction. Notice that each of these

ct can change the object’s velge.
force

the cause of an acceleration, or
the change in an object’s velocity

cases involves a change in velocity—an acceleration.

b)

The SI unit of force is the newton

Figure 4-1

Force can cause objects to The SI unit of force is the newton. n ; 3
(a) start moving, (b) stop moving, whiie Woik castlh LB » named after Sir Isaac Newton (1642"'1?-27){;
or (c) change direction. ibuted much to the modern understanding of force A

motion. The newton (N) is defined as the amount of force that, when acting®"
a 1 kg mass, produces an acceleration of 1 m/s’. Therefore, 1 N,z 1kgx1 mis

The weight of an object is a measure of the magnitudé of the gravitationa
force exerted on the object. It is the result of tl;e'inter action of an object’s mass
with the gravitational field of another oﬁject, such as Earth. Many of the "™

124 Chapter4
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force diagram

a diagram of the objects involved
in a situation and the forces
exerted on the objects

Force and Changes
in Motion
MATERIALS LIST

¢ 1toy car
¥ 1book

Use a toy car and a book to
model a car colliding with a brick
wall. Observe the motion of the car
before and after the crash. Identify
as many changes in its motion, such
as a change in speed or in direction,
as you can. Make a list of all the
changes, and try to identify the
forces that caused them. Make a
force diagram of the collision.

126 Chapter 4

RAMS

b it does not MOVE as f'c.lst as it t’{ces When :
a th;fpu: O‘fla force depends on its magnitude, ang
’[‘he eftec

: . The effect of T
g hurger i - of the second push 18 e .f rce, For ex': er{.:e My
de of the force © 14 directional SRS mple, ity

: sont g = Bl i
object’s motion also d?:e;d;? the car will move 1.2 different direction e .
from the front
push the toy cat :
you push it from behind.

FORCE DIAG

If you give a toy car

magnitu

Force is a vector SEs e and direction, fore ;
the effect of a force depends on it magnltudemm o Figut:hf 1§.i
L tity, Diagrams that show force vectors as AXTL ¢ T 3(a),
vectorllqezaft 1y diagrams. In this book, the arrows used toéeil‘e;em forces are
re ca rce ; : ich the 18 ach
Zl The tail of the arrow is attached to the object 00 W v o "
ue. The tai analyzing collisions and other situationy

i Isin
These diagrams can be used as too . -~
At thlisgpo'mt we will disregard the size and shape of objects and assume thy

all forces act on a point at the center of an object. In force d}&gt;ftmg,- all forces
are drawn as if they act on that point, no matter where the force is applied.

A free-body diagram helps analyze a situation
¢ crash have identified all the forces

Once enginecrs analyzing a test-ca ey _ .
involved, they isolate the car from the other objects in its environment. One

of their goals is to determine which forces affect the car and its passeng,ers
Figure 4-3(b) is a free-body diagram. It represents the same collision as the
force diagram (a), but it shows only the car and the forces acting on it. The
forces exerted by the car on other objects are not included in the free-body
diagram because they do not affect the motion of the car.

A free-body diagram is used to analyze only the forces affecting the motion
of a single object. Free-body diagrams are constructed and analyzed just like
other vector diagrams. In Section 4-2, you will learn to use ffg_eéb__bcky dia-
grams to find component and resultant forces. In this section, you will leam
to draw free-body diagrams for situations described in this book.

T

Figure 4-3
(a) Ina force diagram, vector arrows re
ing in a situation. (b) A free-body diagr,
acting on the object of interest—in thi

Present all the forces act-
am shows only the forces
5 case, the car,

< ...?'l."ﬁ
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4-2 SECTION OBJECTIVES

¢ Explain the relationship
between the motion of an
object and the net external
force acting on it.

® Determine the net external
force on an object.

¢ Calculate the force required
to bring an object into
equilibrium,

Figure 4-5

A hovercraft floats on a cushion of
air above the water. Air provides
less resistance to motion than
water does.

inertia

the tendency of an object to
maintain its state of motion

130 Chapter4

4-2
Newton’s first law

INERTIA
one in Figure 4-5, glides alo‘ng t_he‘: surface of the
:a}tl(z'vi}rlf r:f::,uss::l(i:lolnﬂi);h :ir. Physicists Stuij exart]';[?leislike this to determiy,
exactly what effect forces have on the _motlon of E' J;Cbe-fore e |
The first step is to examine the motion of @6 obje : '- e. applied,
A common misconception is that an object with no force actmg‘or_l ltfvﬂl always
be at rest. To test whether this is true, consider the exa.rfrlp[e of sliding a black o
different surfaces. First imagine a block on a deep, thick carpet. If you apply 5

force by pushing the block, it will begin sliding, but soon after you remove th,
force, the block will come to rest. Ney

imagine pushing the same block across ;
smooth waxed floor. When you push wit}
the same force, the block will slide much
farther before coming to rest.

In the 1630s, Galileo realized that
block sliding on a perfectly smooth sur-
face would slide forever in the absence of
an applied force. He concluded correctly
that it is not the nature of an object to
stop once it is set in motion; rather, it is
an object’s nature to maintain ifs state of
motion.

This concept was further developed
by Newton in 1687 and has come o be
known as Newton’s first law of motion.

NEWTON'S FIRST LAW
An object at rest remains at rest,

that is, constant speed in a straig] 1t line)
unless the object experiences a net external force.

and an object in motion continues in

The tendency of an object not
law is often referred to as the law
of forces, a body will Preserve it
first law says that when the net ex
(or the change in ifs velocity) is ze

to accelerate is called inertia. Newton’ i
of inertia because it states that in the gbséncf'
8 state of motion, In other words, Newton®

ternal force on gn object is zero, its accelera®"
ro.
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Accelerafi‘_’ll is determined by net external force

Consider & car fraveling at a constant velocity. Newton's first law tells us that

the net external force on the car must be equal to zero, However, Figure 4-6

shows that there are many forces acting on a car in motion. The vector Biirward
1on. . o

re}[:if:;e:cltss thet}fzr;;:gjsiir;eir::;he ljoacl on. Fhe ti.res.. T.he vector Fregorances
b= ion, is due partly to friction between the road
surface and tires and paFtly to air resistance. The vector Byravity Tepresents the
downward force of gravity on the car, and the vector Fyround.on-car FEPresents
the upward force the road exerts on the car,

To understand how a car can maintain a constant velocity under the
influence of so many forces, it is necessary to understand the distinction
between external force and net external force. An external force is a single
force that acts on an object as a result of the interaction between the object
and its environment. All four forces in Figure 4-6 are external forces acting
on the car. The net external force is the vector sum of all the forces acting
on an object.

When all external forces acting on an object are known, the net external
force can be found using the methods for finding resultant vectors. That
means an object’s acceleration is determined by the combination of all the
forces acting on it. The net external force is cquivalent to the one force that
would produce the same effect on the object as all the external forces com-
bined. In other words, the object’s acceleration is the same as if the net exter-
nal force were the only force acting on the object.

Consider Figure 4-7, in which two
teams are playing tug-of-war. If both
teams pull on the rope with equal but
opposite force (a), the net external
force on the rope is equal to zero. The
knot in the center of the rope will be
at rest, even though forces are pulling
the rope in opposite directions. When
one team increases the force of its pull
(b), the knot will experience a net
external force equal to the difference
in the forces, and it will accelerate in
the direction of the greater pull.

Examples like this show how an
object can be in equilibrium even
when many forces act on it. For exam-
ple, although there are four forces act-
ing on the car in Figure 4-6, the car

; : ; Figure 4-7 _ :
"l mainsin 1 constant el :'(a‘;:When there is no net force, the knot is at rest (b) When there

long as the vector sum of these forces is a net force to the right, the knot moves to the right.
18 equal to zero,

Fgmund—on-car

| Egravity

Figure 4-6

Although there are several forces
acting on this car, the vector sum of
the forces is zero, so the car moves
at a constant velocity.

net external force

‘the tofal force resulting from a
combination of external forces on
an object; sometimes called the
resultant force

Forces and the Laws of Motion 1@.1.
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{ SAMPLE PROELEM 4A

Net external force

PROBLEM Fiable-on-book= 18 N

aﬂ-
Derek leaves his physics book on top of a dr

a free-
ing table that is inclined at a 35 hanglf;;:“éor = S/
. . o 4-8 shows s To
body diagram in Figure external force Ffr:'.-:tiﬂﬂ =11N

acting on the book. Find the net
acting on the book, and determine ?vhether the
book will remain at rest in this position.

Foravity-on-book =22 N
Figure 4q

SOLUTION abl
1. Define the problem and identify the variables.

Given: Egravity-on-book = 22N

Ffriction= 11N
: Fiable-on-book = 18 N

Unknown: Foor=
2. Select a coordinate system, and apply it to the free-body diagran.n- .
Choose the x-axis parallel to and the y-axis perpendicular to lthe mchne?'
of the table, as shown in Figure 4-9. This is the most convenient coordi-
nate system because only the force of gravity on the book needs to be
resolved into x and y components. All other forces are either along the

x-axis or the y-axis.
3. Find the xand y components of all vectors.
Draw a sketch as shown in Figure 4-10 to help find the x component

and y component of the vector Fgyayity-on-book: Gravity acts ata 90°
angle to the surface of Earth, and the x-axis is at a 35° angle to Earth'’s

surface. Therefore, 0, the angle between the gravity vector and the
x-axis, is the third angle in this right triangle and is equal to 55°.

E
cos =22
Pg
Fyx= Fycos 6= (22 N})?(cos 55°) =13 N
sin §=—22
PS

Fy = Fysin @ = (22 N)(sin 55°) = 18 N
Now those components can be added to the free-body diagram, as shown
in Figure 4-11.
4. Find the net external force in both the xand y directions.
Figure 4-12 shows another free-body diagram of the book, now with
forces acting only along the x- and y-axes.
For the x direction: ZF, = Fy x — Fgicrion
ZF,=13N-11N=2N

32 Chapter4
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l;”)f a-3

I Newtorn’s second and third laws

| A4-3SECTION 0BJECTIVES  NEWTON'S SECOND LAW

we know that an object with ne net externy f
. We also know that an object e,
a change in its velocity. But exs ﬁ?hc
of an object?

0 bescribe the accelem.tmn gf From Nawlosts Brst o
| dcting on jt is in a state of equilibriu
ing a net external force undergoes
much does a known force affect the motion

il

&

tion caused bY S

external force. Force is proportional to mass and acceleration
¢ Identify action-reaction pairs. Imagine pushing a stalled car through a level mtersl""‘:t‘f n)tla;s e
ccelerate, tne speg
* Explain why action-reaction 4-16. Because a net force causes an object to a . i dl of theta;
i pairs do not result in equilib- will increase. When you push the car by yoursell, nowever, the accelmhm .
. 4 will be so small that it will take a long time for you to notice an increase iny,

«car’s speed. If you get several friends to help you, the net force on. the carig
much greater, and the car will soon be moving so fast that you will havetefm

: to keep up with it. This happens because the acceleration of an objec; i
i ~directly proportional to the net external force acting on it.

Experience pushmg objects reveals that the mass of an object also affectsify
acceleration, If you push a bowling ball and a tennis ball with the Sameﬁg;:% ]
the tennis ball will accelerate quickly, while the bowling ball will
slowly. Similarly, a lightweight car accelerates faster than a heavy trackif
same force is applied to both. It requires much less force to accelerate aloy
mass object than it does to accelerate a high-mass object at the same rate. Ths
" object causes a small is because an object with smaller mass has less inertia, or tendency to maintain

acceleration, but (b) a its state of motion, than an object with greater mass.

larger force causesa
larger acceleration.

| Figure 4-16

436 Chapter4
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