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letroduction to the concept of motioa 2/2

This section discusses the fundamental concept of motion. Motion includes the
concepts of position and change of position

We nte sble o use mathematiosl tools 1o Sir Isaac Newton studied these concepts and formulated laws that are able to
undareand and pradicl tha molkon Of obdects. Thisss

assist in the understanding of motion.

muartharmntioal toals include equetions. suitable units

of measuremant and tres body Jlagrams

“« » O =

This section covers suitable techniques for the analysis and prediction of the
motion of various objects.

e



Define motion

Motion refers to the movement of an object. One of the primary concerns of mechanical
engineering is with motion.

Motion exists where there is a change in position or orientation of an object with reference to some
other object or objects.

Aeroplanes, trains and automobiles are part of everyday life. A reciprocating piston in an internal-
combustion engine, a rotating flywheel, water flowing inside a pipe and steam driving the rotor of a
turbine are typical examples of different kinds of motion with which the science and practice of
mechanical engineering are concerned.
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What is the formal definition of motion?

Click the correct answer.

A change in position or orientation of an object with reference to some other object or
objects

The time rate of change in the position of an object
A rotating flywheel

Water flowing inside a pipe

Do you know the answer?




Define dynamics

The study of motion in mechanics is called dynamics.

Dynamics deals with moving objects. Historically, mechanics is the oldest of the physical sciences and it
provided the foundation for the growth and development of all other areas of physics.

Unlike statics, which goes back to Archimedes and the
Greek philosophers, serious study of dynamics only began
with the experimental work of Galileo (1564-1642), which

led to the mathematical formulation of the fundamental
laws of motion by Newton in his famous publication known
as the Principia.
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What is the study of motion in mechanics called?

Click the correct answer.
Dynamics
Kinematics
Kinetics

Statics

Do you know the answer?




Define kinematics and kinetics

The part of dynamics that describes the geometry of motion in terms of two elementary
concepts, position and time, is called kinematics.

The part of dynamics that relates the motion to the forces causing it is called Kinetics.
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Type your answer in the box.

The part of dynamics that describes the geometry of motion in terms of two elementary concepts, position and
time, is called | I

Do you know the answer?




Type your answer in the box.

The part of dynamics that relates the motion to the | causing it is called kinetics.

Do you know the answer?




Define rectilinear translation or linear motion

The problems of dynamics can be classified and studied according to the type of motion
that exists.

Motion along a straight line is known as rectilinear translation. We will simply refer to it as
linear motion.

With some limitations our discussion also applies to motion along a curved path.

GIVE FEEDBACK “



What is motion along a straight line known as?

Check all that apply.
Rectilinear translation
Linear motion
Kinetics

Displacement

ajeaiain

Distance

Do you know the answer?




Linear displacement

The linear motion of an object, such as a motor car, can be described in terms of its
position and time. More specifically, motion is usually described in terms of linear
displacement, linear velocity and linear acceleration. If it is clear from the context that
motion is in a straight line, the word linear is usually omitted from the terms linear
displacement, linear velocity and linear acceleration.

Linear motion can generally be described as a change in the position of an object or as
the passage of an object from one place to another along its path. Linear displacement,

S, of an object is a measure of its change of position with respect to a fixed reference
point.

Provided that displacement, velocity and acceleration are measured along the path of the

motion at every point, e.g. road distances and not 'as the crow flies', the definitions and
the formulae for linear motion are also applicable to curved paths.
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What is linear displacement?

Click the correct answer.
A measure of an object's change of position with respect to a fixed reference point
A measure of an object's change of position along the path of its motion
A measure of an object's change of position as a function of time

A measure of an object's change in velocity with respect to a fixed reference point

Do you know the answer?




Thio magnitude of linsar disphscamant can bo
masired In metres, kilometres or millimetres,
depending on the soiual distance measured.
Howrees, whian nstating dapiacement 1o velocity,
pooslemtion and espacially force, work and power, it
I8 usunlly ecessary to convert to Dese units, that is
metres, befors any further calculations are
parfanmid.

= 0

[[H

The components of displacement
Displacement is a vector quantity, i.e, it has direction as well as magnitude.

It is usually convenient to measure displacement from the initial position of the
object in the direction of motion, which is assumed to be positive, in which
case displacement Is also a measure of the distance travelled by the object.

If reversal in the direction of motion occurs, e.g. in reciprocating or oscillatory
motion, the displacement from a fixed origin is not equivalent to the total
distance travelled by the object.
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Type your answer in the box.

The Sl unit for the magnitude of linear displacement is the |

Do you know the answer?




Match the statements to show the difference between distance and displacement.

* Drag statements on the right to match the left.

how far an object has moved from a fixed i

Displacement can be described as =3 reference point. i
Distance can be described as =3 how far an object has travelled. :
Distance is a =a  scalar quantity. i
Displacement is a =3 vyector quantity. i
Displacement has =3 a magnitude and a direction. :

Distance has =3 a maghitude only. E



Linear velocity

Motion is a change in the position of an object which
occurs in time. The time rate of change in the position of
an object is known as its linear velocity, v.

Since velocity is a vector quantity, it must be described with
a magnitude and a direction. If the magnitude only is given,
this is known as speed. For example, 60 km/h north is a
velocity, 60 km/h is a speed.

GIVE FEEDBACK

Velocity is a vector quantity, implying a magnitude and
direction.

For motion which occurs in one direction, the directional
sense of velocity coincides with that of displacement and is
taken to be positive.

If reversal in the direction of motion occurs, such as when
an object is thrown upwards, reaches a maximum altitude
and starts falling, problems can easily be solved by
considering the different stages of motion separately.




Which of the following could be given as a measurement of velocity?

Check all that apply.
40 km/h east
15 m/s south-west
60 km/h
10 m/s

55 miles per hour west

AjaaiEIala

Walking pace towards the refrigerator

Do you know the answer?




Even though the Sl unit for velocity is the
metre per second, the unit of measurement
commonly used to express vehicle speeds is

the kilometre per hour (km/h).

The components of velocity

For linear motion in one direction, velocity at
any point can best be understood as the
distance travelled by an object per unit time
in a specified direction along its linear path.

The base unit of velocity is the metre per
second (m/s).

It is usually necessary to convert velocity
from kilometres per hour to metres per
second, particularly if calculations involve
other related concepts, such as
acceleration, power or momentum.

The conversion is achieved by dividing the
km/h value hy 36

(1 km/h = 1000 m/3600 s = 1/3.6 m/s)



Type your answer in the box.

72 km/h is equal to | 'm/s.

Do you know the answer?

| KNOW IT THINK SO m NO IDEA




Type your answer in the box.

54 km/h is equal to | 'm/s.

Do you know the answer?

| KNOW IT THINK SO m NO IDEA




Type your answer in the box.

10 m/s is equal to | 'km/h.

Do you know the answer?

| KNOW IT THINK SO m NO IDEA
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Differences between speed and velocity

Speed is not a synonym for velocity, but a scalar guantity which expresses the
magnitude of velocity only, without any reference to its direction

If distances travelled in successive intervals of time are the same, the speed is
said to be constant. Otherwise the average speed can be calculated using total
distance and the time taken to cover that distance,
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Match the statements that describe the differences between speed and velocity.

 Drag statements on the right to match the left.

Speedis a

Velocity is a

Speed can be described as

Velocity can be described as

An example of speed is

An example of velocity is

scalar quantity.

vector quantity.

how fast an object is moving.

how fast an object is moving in a given
direction.

10 m/s.

50 km/h north-west.
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Corversion lrom metres per sacond to Kilometnes par
haur requires multiplication by 3600, bacausea there
are 3600 secends in an hour, and division by 1000,
because there are 1000 metres in a kilomatre,
Tharafore 1 m/s iz equal to 3.6 km/h.

e O

Calculate the speed and velocity of a moving body—Example

Example

1/2

In the last Grand Prix race of the series on his way to the World Drivers'
Championship title in 1980, Australian Alan Jones established a new lap record
for the 6 km road course at Watkins Glen, New York, by covering the distance

in 1 minute 43.8 seconds.
What was his speed in metres per second?

What was his speed in kilometres per hour?
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Calculate the speed and velocity of a moving hody—Example 2/2

Solution
Distance and time:
§=6km
= 6,000 m
t = 103.8s
Speed:
S 6,000 m
&t 1038s
= 57.8m/s
Converting to kilometres per hour:
Speed = 57.8m/s - il
1,000
= 208.1 km/h



Find the speed of a runner who covers a distance of 100
metres in 10 seconds (answer in m/s).

+] =] -] +] %]}%Jxﬁuzj_ﬁJ
0l+] 5 [vf n]+| m|sj 5| B

Click and type your answer here

CHALLENGE SUBMIT SHOW ANSWER



Type your answer in the box.

The speed of a runner who covers 100 metres in 10 seconds can be calculated uslng|
divided by | . (Use the actual quantities here.)

This calculation gives a speed of | ' m/s.

Do you know the answer?




How far will a truck travel in 90 minutes if it has an average speed of 40 km/h?

fE

Check all that apply.
60 km
60000 m
3600 m
2.25 km

26.67 km

Biejielnlinln

26667 m

Do you know the answer?




What is the average speed of a car that travels 540 km in 6 hours?

E

Click the correct answer.
90 km/h
3240 km/h
90 m/s

25 km/h

Do you know the answer?




Limear acceleration

Shes Soonluion i e utocy, T It velocity is not constant but changes at a uniform rate, an object is said to

wOCEy Coulkd b incressing or decreosing under Ihe move with a8 uniformly accelerated motion.
&ction of acosleration. The numernical value of the
SLECRTON b afther DS : " " % &
sy T The rate at which linear velocity changes with time is called linear acceleration,
4.
W » c =

The base unit for acceleration Is metres per second per second (m/s/sorm/s?
).
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What is the correct term that describes the rate at which linear velocity changes with time?

Click the correct answer.
Linear acceleration
Linear speed
Average speed
Average velocity
Initial velocity

Final velocity

Do you know the answer?




To ersuro Ut U sriwer to this caiculabon i ghen
1 Pt pe RecOnd saunrsd, the values for velnemy

sl bt errered in metnes Der seoond.
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The components of acceleration

Iif, over a period of time equal to t seconds, velocity of an object changes from
its inftial value v, to a final value v, it follows from the definition that

acceleration a is the quotient of the increment of velocity (v - v;) and the time
t

It can readily be seen that the unit of acceleration must be the unit of velocity
(my/s} divided by the unit of time (s), i.e. metre per second squared I:I'I'!.J'Ez:l.
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Match each of the given quantities to the corresponding symbol for use in mathematical equations.

¥ Drag statements on the right to match the left.

-----

Acceleration A a e

Initial velocity =g Vo :

Final velocity o> S :
Do you know the answer?




To ensure that the answer s in the cormect

units, it is necessnry 10 ensune that
appropiiate units are used for each of the
quantities in this eguation.

a » QO

The relationship between initial and final velocities, time and acceleration

The relationship between initial and final velocities, time and acceleration for
uniformly accelerated motion is usually stated as a formula in which final
velocity is the subject:

vy=vy+al
where:
v is the final velocity in m/s
vy is the initial velocity in m/s
a is the acceleration in m/s?

t is the time taken in 5
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Type your answer in the box.

Determine the magnitude of its velocity when a tree branch hits the ground after falling from rest for 2 seconds.

Final velocity = | |+ || . (Use the
actual values for each of these quantities.)

=| 'm/s. (Answer correct to two decimal places.)

Do you know the answer?




Differences between unilorm acceleration and wniform deceleration

Mathematioally, decelenstion is indiested by & If, inst&ale of increasing, the velocity is gradually decreasing, the motion is said
Pegative sigr in fromt of the mumencal vils, io be uniformly decelerated,

“a« » O

Deceleration, or retardation, can be regarded as negative acceleration, i.e.
acceleration acting in the direction opposite 1o the velocity.
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Match the statements to provide correct information regarding acceleration and deceleration.

¥ Drag statements on the right to match the left.

Acceleration acts in the oa  same direction as the velocity.
Deceleration acts in the ea  opposite direction to the velocity.
Acceleration is denoted oo positive number
mathematically by a

Emr}ﬁﬂ,m =3  negative number.

Do you know the answer?

vvvvv
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Calculate the acceleration of a moving body—Example

Example

A car starts from rest and accelerates at the rate of 1.2 m/s? for 15 seconds.
Determine the velocity reached after 15 seconds.
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Calculate the acceleration of a moving body—Example
Example

A car starts from rest and accelerates at the rate of 1.2 m/s? for 15 seconds.
Determine the velocity reached after 15 seconds.

Solution
Initial velocity: vg = 0
Time: t = 15s
Acceleration: a = 1.2 m/s?

Substitute intov = vy + at:

0+ 12m/s®- 155
18 m/s

'ir.l'

Hence, the velocity after 15 seconds is 18 m/s (64.8 km/h).

< BACK GIVE FEEDBACK



Type your answer in the box.

Find the final velocity of a car that accelerates at 2 m/s/s for 12 seconds from an initial velocity of 5 m/s.

v |+ x| |

=| 'm/s.

Do you know the answer?

I KNOW IT THINK SO m NO IDEA




Determine the final velocity of a car that acclerates with an

acceleration of 2 m/s/s from 10 m/s for 7.5 seconds (answer
in m/s).

el 13 = Uy
() vJ EJvJ 71'] vaJ BHJ 5‘ Undo

Click and type your answer here

CHALLENGE SUBMIT SHOW ANSWER



Calculate the time taken for the change in velocity of a moving body—Example  1/2

Example

Ther eguation could also have beon transposed to
make't' the subject before the numerical values were

substituted into i If, after travelling for some distance at a constant velocity of 18 m/s, brakes
W+ O are applied to a car producing a retardation of 2 m/s*, determine the time

taken to reduce its velocity to 10 m/s (36 km/h).
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Calculate the time taken for the change in velocity of a moving body—Example

Solution

Initial velocity:

Final velocity:
Acceleration:

Substitute intov = vp + at:

Hence, time taken is 4 s.

m GIVE FEEDBACK

vp = 18 m/s

v =10m/s

a =-2m/s?
10 =18 - 2t
(10 — 18)
thereforet = ————
=4d3s

2/2



Type your answer in the box.

Calculate the time taken for a truck to come to rest from 18 m/s if the brakes are able to apply a deceleration
of 3.6 m/s”,

time = (| -] )/ |

= | ' seconds.

i

Do you know the answer?




Four equations of linear motion

In the case of uniformly accelerated linear motion, the distance travelled from the starting point is the product of the time taken and the
average velocity:

Distance
uations of Average Changes in ; Solvin
Eq g g Distance acceleration g

linear motion velocity velocity . problems
and velocity

GIVE FEEDEACK




Four equations of linear motion

Where simple arithmetic averaging of velocities gives:

ivo+ ¥
Vg = ———7—=

Distance
uations of Average Changes in ; Solvin
Eq g g Distance acceleration g

linear motion veloci velocit i roblems
Yy 4 and velocity 2

GIVE FEEDEACK




When these equations are combined, we have:

which is an additional independent equation to:

Equations of Average
linear motion velocity

GIVE FEEDEACK

Four equations of linear motion

g SO0

VvV =vg+ at

Distance,
Distance acceleration
and velocity

Changes in
velocity

Solving
problems




Four equations of linear motion

Eliminating final velocity v from these equations yields:

2
S =gl + s
Distance,
Equations of Average Changes in g ; Solving
: i : : Distance acceleration
linear motion velocity velocity problems

and velocity
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Four equations of linear motion

Similarly, if time t is eliminated, we gat:

2aS=vi-yp

Distance
tions of Aver Cha i i Solvi
Feitlong YPIRES BEss IR Distance acceleration PG

linear motion veloci velocit roblems
Y 4 and velocity H
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Four equations of linear motion

Given any three of the five variables, i.e. displacement, time, acceleration and initial and final velocities, any problem involving uniformly
accelerated linear motion can be solved using these equations.

Distance
uations of Average Changes in ; Solvin
Eq g g Distance acceleration g

linear motion veloci velocit roblems
Y 4 and velocity ¢

GIVE FEEDEACK




Match the correct parts to show the four equations of motion.

¥ Drag statements on the right to match the left.

(vo+¥ly

= it iaide

S { 2 I8 L
y= =a vo+at ='
. t2 faaas

S = vot + ca 4— e
2

2a$ = Ba v2- g

Do you know the answer?




Problems involving uniformly accelerated linear motion using the equations of linear— Exanigié

Th results of this axample provide instroction not Exﬂ.mple
only for the student of mechanics but also for thoss
conscious of road safety,

WO

Find the total emergency stopping distance of a car and the total time taken
from the point where the driver sights danger if the driver's reaction time
befare applying the brakes is 0.9 s, the initial velocity is 60 km/h and
retardation due to the brakes is 7.5 m/s?.

3
I available stopping

| distance, 5 |
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Problems invelving uniformly accelerated linear motion using the equations of linear— Example 2/4

Solution

There are two stages in this problem:
(a) Motion with uniform velocity before the brakes are applied
(b) Uniformly decelerated motion brings the car to rest

(a) Uniform motion

Velocity (constant):
1,000

v = 60km/h - 3.600

= 16.67 m/s
Time:t = 0.9s
Displacement: S =t - v4,
=09 . 16.67 m/3
=15m

m GIVE FEEDBACK CONTINUE >



Problems invelving uniformly accelerated linear motion using the equations of linear— Example 3/4

(b) Decelerated motion

Initial velocity: vq = 16.67 m/s
Final velocity: v = 0
Acceleration: a = - 7.5 m/s?

Note: retardation is negative acceleration.

Substitute into v = vp + a t to find time taken to bring the car to rest:

=
Il

16,67 + {=7.5) X1
2225

-
Il

m GIVE FEEDBACK CONTINUE >



Problems invelving uniformly accelerated linear motion using the equations of linear— Example 4/4

Substitute into § =t il ekl to find the displacement during the period of decelerated
motion:

2
=185m

Combining the answers obtained in (a) and (b) yields:
Total stopping distance =15 + 18.5=335m

Total time taken =0.9 + 2.22=3.12 s



Determine the velocity of a car after it is subjected to an acceleration of 2 m/s” for 3 seconds if it
was initially travelling at 72 km/h.

]
Check all that apply.
1 29m/s
] 104.4 km/h
] 26m/s
] 93.6 km/h
| 23.6m/s
] 92 km/h
Do you know the answer?




Type your answer in the box.

Calculate the maximum height that a ball will reach if it is kicked into the air with an initial velocity of 25 m/s.
(Answer correct to two decimal places.)

Final velocity at maximum height = | | m/s.
Acceleration = | 'm/s”.
Maximum Height = | 'm.

Do you know the answer?




Calculate the acceleration necessary to reduce a car's velocity from 100 km/h to 60 km/h within
100 m.

Click the correct answer.
2.5 m/s?
-64 rn,afs'..2
0.2 m/s?

0.06 m/s”

6 m/s’

Do you know the answer?




Caiculate the acceleration required to increase the velocity of a train from 10 m/sto 20 m/sin 5
seconds.

Click the correct answer.

Do you know the answer?




In mncenn [Emes, ofn picpks gid ol now about the
eftects of mr MsSERAOe. B0 Bty Grtak acatniie -
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stone fall to the ground and had come 1o the goneri
conclumeon that o light bocy falls siower than o heavy
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The history of experimenting freely falling bodies

Galileo suspected that if falling bodies were heavy enough 1o render air
resistance negligible, Aristotie's idea was demonstrably wrong,

He undertook a series of experiments which led him to the correct
conclusions that the maximum speed attained by a falling body, in the
absence of air resistance, is proportional to the time taken, and that the
distance travelled from rest is proportional to the square of the time.

This is consistent with the equations of linear motion if we take the Initial
velocity to be zero, Le. vy = 0, and the acceleration due to gravity as a, :

v=vptal gives v =a. I,

at? agt*

and § = vot + zgives.5“= 3
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Match the idea to the person who stated it.

,w Drag statements on the right to match the left.
A light body falls slower than a heavy one. ca  Aristotle i

The maximum speed attained by a falling

body is proportional to the time taken. O e
The distance travelled from rest by a falling

body is proportional to the square of the time ca  Galileo

taken.

Education Is the best provision for the Bl Arldéiotia

Journey to old age.

Do you know the answer?



The value of gravitational acceleration [the acceleration of a body in free fall)

THS A Nl VANaD o G o i Experiments conducted since the time of Galileo, combined with the principles
accelaration is subject to local variations. The value

expounded by Mewton, set the value of gravitational acceleration at;
of 8.81 metres per second sguared is generally
accepted as a suitable approdmation.

O

i

a; =981 m/s?

This is more or less constant anywhere on or near the surface of the Earth.
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Type your answer in the box.

The symbol used to represent acceleration due to gravity in mathematical equations is

The accepted value of the magnitude of the acceleration due to gravity is | | mjsi.

Do you know the answer?




It should be noted that since soveral oRomatie
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Problems involving acceleration of bodies in free fall—Example 1 1/3

Example

A stone is dropped from the deck of a bridge and strikes the water below
after 3.4 seconds of free fall. Neglecting air resistance, calculate the height of
the bridge above the water and the velocity with which the stone strikes the
water.

GIVE FEEDBACK CONTINUE =




Problems invelving acceleration of bodies in free fall—Example 1

Solution

2/3

Since the initial velocity is zero, vyp = 0, and a; = 9.81 m/s?, the distance of free fall is

found from:
at?

5=Puf+

9.81 - 3.42
T3

=0

=56.7m

The final velocity is found from:

v=vop+at
=0+ 9.81 - 3.4
=334m/s

m GIVE FEEDBACK



Problems invelving acceleration of bodies in free fall—Example 1 3/3

If a body such as a stone is projected vertically upwards with an initial velocity vy, the
acceleration due to gravity will be negative, i.e. it will be a retardation causing a decrease
in velocity at the rate of 9.81 m/s?.



It should be noted that sincs several allamative
egurtions ane available, there & ususlly more than

onve wiry in which 8 particular probiem can be solved.

Tha cholos of & tultabls sequence of caloutations
depends nol anly on the given information, but also
an Thie selection of particuler equations, which to
some axtent i & matier of personal preferance.
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Problems involving acceleration of bodies in free fall—Example 2 1/5
Example

If a stone is thrown upwards from the edge of a bridge with an initial velocity of
15.6 m/s, determine the maximum height reached above the deck of the
bridge, the velocity with which it strikes the water below (56.7 metres below
the deck of the bridge) and the total time taken.

piSipby, .

-

GIVE FEEDBACK CONTINUE =



Problems invelving acceleration of bodies in free fall—Example 2 2/5

Solution
(a) Consider the upward motion first.

Initial velocity: vo = 15.6 m/s

Acceleration: a; = - 9.81 m/s?

Final velocity at point A: v = 0

Substitute into 2aS =v 2 ypa

2.{-981li-8 =0- 1562 therefore S=12.4 m

Therefore the maximum height above the deck is 12.4 m.

m GIVE FEEDBACK CONTINUE >



Problems invelving acceleration of bodies in free fall—Example 2 3/5
Now using v = v + at:
0= 15.6 + (- 9.81}¢
thereforet=1.59 s

Therefore, the time taken to reach this height is 1.59 seconds.



Problems invelving acceleration of bodies in free fall—Example 2 4/5

(bb) Consider free fall from the maximum height into the water below. Measured from point
A as the origin:

Displacement: § = 56.7m + 124m =69.1m
Initial velocity: vg = 0
Acceleration: a, = 9.81 m/s?

2
Substitute into § = vot + ﬂ; :

T L

Therefore, the time taken in free fall is 3.75 seconds.

m GIVE FEEDBACK CONTINUE >



Problems invelving acceleration of bodies in free fall—Example 2 5/5

Now using v = v + a t, the velocity when striking the water is equal to:

vo=0+ 981375
=36.8m/s

Combining the time taken for each part of this motion, total time from the moment the
stone is thrown upwards to the moment it splashes into the water is:

totaltime=159s+ 3.75s
= 5.34 seconds



A stone is thrown upwards from the edge of a bridge with an
initial velocity of 20 m/s. The bridge is 48 metres above the
river below.

Type your answer in the box.

{a} The maximum height reached above the deck of the bridge is | | metres.

The time taken to reach this height is | |zeconds.

{Anzwer cormect to twa decimal places.)

Do you know the answer?




A stone is thrown upwards from the edge of a bridge with an
initlal velocity of 20 m/s, The bridge Is 48 metres above the
river below.

ot 1.

e

Type your answer in the box.

{ly) The distance that the stone must traved from paint A to the watar below the bridga is
| | m.

The time taken in free fall from point A s | | seconds.

Tha velocity with which the stone strikes the water is | s,

{Answer correct to two decimal places.)

Do you know the answer?




A stone is thrown upwards from the edge of a bridge with an
initial velocity of 20 m/s. The bridge Is 48 metres above the
river below.

—

i S

Type your answer in the box.

{c) The total time taken to hit the water after the stone is thrown is equal to | |
soconds.

{Answer correct to two decimal places.)

Do you know the answer?




Ty frscarmeitod rostiorstg botween foroo, mdms
and poosleration i the centrel concept of dynamics.
1 i embodied in the syshem of mechancos
surmimarised by Basc Nowton in his three bes of
et

a » O -

Newton's three laws of motion 1/3
Slightly reworded, Isaac Newton's three laws of motion are as follows:

1. First law. If there Is no unbalanced force acting on a body, the body will
remain at rest or continue to move in a straight line with a constant linear

velocity.

2. Second law. The acceleration of a body is proportional to the resultant force
acting on it, inversely proportional to the mass of the body and is in the
direction of the force.

3. Third law. The forces of action and reaction are equal in magnitude and
opposite in direction,

GIVE FEEDBACK CONTINUE =



Newton's three laws of motion 2/3

In a different order, these laws take us through the basic principles of kinetics as follows.

The third law suggests that forces acting on a body always originate in other bodies, i.e. a
push or pull experienced by an object is always a result of interaction with some other
object. Single isolated forces do not exist.

The first law introduces the property of matter, often called inertia, which determines its
resistance to a change in its state of rest or uniform motion. Mass of a body is then
regarded as the quantitative measure of its inertia, which only a force can overcome.

< BACK GIVE FEEDBACK CONTINUE >



Newton's three laws of motion 3/3

The second law gives mathematical expression to the relationship between the mass of a
body, the unbalanced force acting on it and the acceleration produced by the force:

F=m-a
where:
F is the resultant of all forces acting on a body

m is the mass of the body
a Is the acceleration



Match the title of each of Newton's three laws of motion with its description.

,W Drag statements on the right to match the left.

Newton's first law of _ If there is no unbalanced force acting on a body, the body will remain at rest or

motion continue to move in a straight line with a constant linear velocity. o

Newton's second law of i The acceleration of a body is proportional to the resultant force actingonit, =

motion inversely proportional to the mass of the body and is in the direction of the force.

:qn?;i" PRI O ma  The forces of action and reaction are equal in magnitude and opposite in direction. -
Do you know the answer?




Define inertia

oo rarts Whary i you &7 iling 1 & vihida Newton's first law introduces the property of matter, often called inertia, which
trut b & commer. Your body will try 1 continge determines its resistance to a change in its state of rest or uniform motion.
rEveling SIraigh abead due 1o inertia,
e & Mass of a body is then regarded as the quantitative measure of its inertia,

which only a force can overcome,

GIVE FEEDBACK




Type your answer in the box.

The property of matter which determines its resistance to a change in its state of rest or uniform motion is
called | I

Do you know the answer?




The mathematical relationship between the mass of a body, the unbalanced force acting on it and
acceleration produced by the force

Newton's Second Law, expressed mathematically, is The second law gives mathematical expression to the relationship between the
it s bbb e o) et mass of a body, the unbalanced force acting on it and the acceleration
b | O produced by the force:

1]

where:
F is the resultant of all forces acting on a body

m is the mass of the body
a is the acceleration

GIVE FEEDBACK “



Match the symbol with the quantity that it represents.

¥ Drag statements on the right to match the left.

F =a  Force in newtons it
- =3 Mass in kilograms i
. Acceleration in metres per second :
squared S

Do you know the answer?




Type your answer in the box.

Complete the missing words that describe the mathematical statement of Newton's second law of motion:

| = mass x| |

Do you know the answer?




The 51 wnit of force

r— . —— Newton's second law of motion requires the product of the Sl units of mass and

IOl SysTEm (51} of Wit is @ cohenent acceleration, i.e. kilogram and metre per second squared.

TR in which the product of amy Two undt
quanifties in the sysiom is the wnit of the resulen
ARty

a » O -

The resuftant unit Is the Sl unit of force, kg.m/s *, which is given the special
name newton (symbol N).

Thus the second law provides the definition of the unit of force:

F=ma

IN=]kgx1m/s*

GIVE FEEDBACK “



Which of the following is the correct Sl unit of force?

Click the correct answer.
newton (symbol N)
joule (symbol J)
kilogram (symbol kg)
kilogram metre per second (symbol kgm/s)

pascal (symbol Pa)

Do you know the answer?




The newtan is & dervad uril Thils slkde shows the

relaticnship bbtwesn the fewton and the
fundamentsl 51 unite.

“«» O

The relationship between the newton and the kilogram

Newton's second law of motion requires the product of the Si units of mass and
acceleration, i.e, kilogram and metre per second squared,

This equation describes the relationship between the two units, the newton
(symbol N) and the kilogram (symbol kg).

From Newton's second law of motion:

F=ma
IN=lkg: Il m/s®

N = em

g1

GIVE FEEDBACK “




The relationship between the newton and the kilogram is that one newton =

Click the correct answer.
1 kgm/s®

lkgm?*
1kgmis

kg
1kgm?/s?

Do you know the answer?




Problems involving force and acceleration using Newton's second law of motion—Examples 3—4 1/4

Example 3

Determine the acceleration of a body sliding down a frictionless surface inclined to the
horizontal at 35°.

GIVE FEEDBACK CONTINUE >



Problems involving force and acceleration using Newton's second law of motion—Examples 3—4 2/4
Solution
It is necessary to consider components of weight acting along and at right angles to the

surface. Let the weight be F,, = m g. The perpendicular component of weight is balanced
by the normal reaction at the surface, as shown in the figure below.

m GIVE FEEDBACK CONTINUE >



Problems involving force and acceleration using Newton's second law of motion—Examples 3—4 3/4

The parallel component, equal to mg sin 35°, is not balanced by any other force,
assuming no frictional resistance, i.e. a smooth surface. Therefore, from F = ma:

= 9,81 - sin 35°
5.63 m/s?

]

The acceleration is in the direction of the net unbalanced force, i.e. parallel to the plane
as shown.

m GIVE FEEDBACK CONTINUE >



Problems involving force and acceleration using Newton's second law of motion—Examples 3—4 4/4

Example 4

Determine the force required to accelerate a vehicle, of mass 1.5 tonne, from rest to 60
km/hin 12 s.

< BACK GIVE FEEDBACK m



Problems involving force and acceleration using Newton's second law of motion—Examples 3—4 4/4

Example 4

Determine the force required to accelerate a vehicle, of mass 1.5 tonne, from rest to 60
km/h in 12 s.

Solution
The acceleration required is found fromv = vo + a t, where v = 60 km/h = 16.67 m/s:

16.67 =0 +a - 12

— 2

F=ma
= 1,500kg - 1.389 m/s*
= 2,083 N
= 2.08 kKN

< BACK GIVE FEEDBACK




Problems involving force and acceleration using Mewton's second law of motion—Examples 1-2 1/3

Example 1

Determine the net force required to give a body, of mass 300 kg, a horizontal
acceleration of 2.5 m/s?.

GIVE FEEDBACK CONTINUE >



Problems involving force and acceleration using Mewton's second law of motion—Examples 1-2 1/3

Example 1

Determine the net force required to give a body, of mass 300 kg, a horizontal
acceleration of 2.5 m/s?.

Solution

s
I

m-a
= 300 kg - 2.5m/s?
= 750 kg - m/s?

= 750N

< BACK GIVE FEEDBACK m



Problems involving force and acceleration using Mewton's second law of motion—Examples 1-2 2/3

Example 2

Determine the acceleration of a body of mass 25 kg due entirely to its own weight.

< BACK GIVE FEEDBACK m



Problems involving force and acceleration using Mewton's second law of motion—Examples 1-2 2/3
Example 2

Determine the acceleration of a body of mass 25 kg due entirely to its own weight.

Solution

The weight of the body, i.e. the force of gravity acting on it, is:

Fy

mg
25 kg - 9.81 N/kg
2453 N

m GIVE FEEDBACK CONTINUE >



Problems involving force and acceleration using Mewton's second law of motion—Examples 1-2 3/3

Therefore, from F = m a, acceleration due to gravity is:

2453 N
25 kg

2453 kg - m/s®
25kg

981 m/s?




Calculate the acceleration of a 100 kg mass that Is placed on INSTRUCTIONS

awwmnﬂlmnﬂﬂﬂﬂaﬁﬁmmmw * Nointermediate steps are required

« If you choose to show steps, write one on each line.

*  Write your final answer on the last line.
(Answer in metres per second squared correct to three
decimal places.) P = The computer will check all your work in detail when you click *Submit”.

8 [ R ——
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Click and type your answer here
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Calculate the acceleration of the car.,

[ |+

VG —
o)« @

EIH

Click and type your answer here

INSTRUCTIONS

Mo intermediate steps are required

If you choose to show steps, write one on each line.

Write your final answer on the last line.

The computer will check all your work in detail when you click "Submit®.

Each hint will reduce the credit recaived for this question



Calculate the force in Newtons acting on a 1500 kg car that INSTRUCTIONS

aocclerates ot 2 NVe/s, » No intermediate steps are required

E_ « If you choose to show steps, write one on each line.

B ' *  Write your final answer on the last line.

-_i- l - l o | I:]:‘.I 'f_l * The computer will check all your work in detail when you click "Submit".

_ Each hint will roduce the crocl noomsked for Ohis gustion
7] "‘:| | mld G e @ e

Click and type your answer here __( :




An 800 kg car is able to travel 400 metres in 10 seconds
from rest.
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An 800 kg car is able to travel 400 metres in 10 seconds
from rest. Determine the force required to achieve the acceleration
of 8m/s?

&
1+ \-\—\ﬂszJfl'
)I( |DJ|J JJ—I |:'| ! Undo

Click and type your answer here

CHALLENGE SUBMIT SHOW ANSWER




Determine the force required to achieve the acceleration
of 8 m/s2.

+ 1‘—J |+ ] 2] o2 ve |
ol £ x| nls) 5] B v

Click and type your answer here

CHALLENGE SUBMIT SHOW ANSWER



'alculate the welght force pressing down on a chair when an — INSTRUCTIONS

80 kg person is sitting on the chalr. = No intermediate steps are required
=  If you choose to show steps, write one on each line.
UAnipnse conuct 5 ia duckrnt pison:) *  Write your final answer on the last line.
E ) * The computer will check all your work in detail when you click *Submit”.

o 5 \ ) i _ — Each hirt will recisce 1 crodl msived T This question
:, ;I " > | % ] DI_I EI _
¢ @ e

fﬂl]l‘l'l El!l .Hi m|v E o

Click and type your answer here

sUBMIT SHOW ANSWER




Problems involving acceleration against resistance using Newton's second law of motion—Examples

1-2
Tha accelaration of an cbject is depondent on the In the equation F = m a, the force is the net accelerating force, i.e. the
lied fi . the track gist: nd the objects . .
A T e o resultant of all forces applied to the body. The resultant unbalanced force, i.e.
% O — net accelerating force, is the difference between the applied push or pull F

and the resistance force F,.

F=F, -F,

The resistance is usually due to friction of some kind, which may include
sliding friction, friction in bearings and air friction.

AR
F
F, - F, .

Accelerationa = —%

F. (resistance)

Using Mewton's law to find acceleration against resistance

GIVE FEEDBACK CONTINUE >



Problems involving acceleration against resistance using Newton's second law of motion—Examples 1-2  2/8
Acceleration produced by the resultant force is found from Newton's law:

E
ada = —
i
-,'-lr.h S Fr
i

It should be clear from this equation that if the applied force FP is equal to the resistance
force F,, there will be no acceleration, i.e. the motion, if any, will continue at constant

velocity.

Therefore, a vehicle moving on a level road at a constant speed requires a force equal to
the tractive resistance to maintain uniform motion. Any force in excess of tractive
resistance will accelerate the vehicle. On the other hand, a tractive effort which is less
than the tractive resistance will result in retardation.

< BACK GIVE FEEDBACK CONTINUE >



Problems involving acceleration against resistance using Newton's second law of motion—Examples 1-2  3/8

Example 1
A train of total mass 120 tonne is travelling at 60 km/h on level track. The tractive

resistance is 80 N/t. Calculate the tractive effort required to accelerate the train to 100
km/h in 30 s.

m GIVE FEEDBACK CONTINUE >



Problems involving acceleration against resistance using Newton's second law of motion—Examples 1-2  3/8
Example 1

A train of total mass 120 tonne is travelling at 60 km/h on level track. The tractive
resistance is 80 N/t. Calculate the tractive effort required to accelerate the train to 100
km/h in 30 s.

Solution

Acceleration must be calculated using v = vy + a t, where v = 100 km/h = 27.78 m/s,
and vy = 60 km/h = 16.67 m/s:

v=vy+atl
27.78 = 16.67 + a - 30
therefore g = 0.37 m/s?

< BACK GIVE FEEDBACK CONTINUE >



Problems involving acceleration against resistance using Newton's second law of motion—Examples 1-2  4/8

The net accelerating force required to accelerate the mass is:

F=ma

120,000 kg - 0.37 m/s*
= 44400 N

= 44.4 kN

Tractive resistance, which is often stated as resistance per unit mass of the vehicle, is
equal to:

F, =80N/t- 120t
= 9,600 N
= 9.6 kN

m GIVE FEEDBACK CONTINUE >



Problems involving acceleration against resistance using Newton's second law of motion—Examples 1-2

Therefore, from the balance of forces:

Fo=Fyo F
444kN = F;, - 9.6 kN
therefore F, = 444 + 9.6
= 54 kN

The required tractive effort F, is 54 kN.

5/8



Problems involving acceleration against resistance using Newton's second law of motion—Examples 1-2  6/8

Example 2

Determine the time taken and the distance travelled by the train in the previous example
when it is brought to rest from 100 km/h by a braking force of 72.7 KN.

m GIVE FEEDBACK CONTINUE >



Problems involving acceleration against resistance using Newton's second law of motion—Examples 1-2  7/8

Solution
If tractive resistance F, is unchanged:
F, = 9.6 kN
In this case, the resistance will assist the braking effort Fy, in slowing the train down.
Therefore the total decelerating force will be:
F =F, + Fy
=96 + 72.7
= B23kN

Deceleration is therefore equal to:

F
a=—
1

_ 82,300N
~ 120,000 kg
0.686 m/s?

m GIVE FEEDBACK CONTINUE >



Problems involving acceleration against resistance using Newton's second law of motion—Examples 1-2  8/8

Remembering that deceleration is negative acceleration, we can substitute into
2aS=v2- u: and solve for distance travelled during the period of retardation:

2

2aS =y2- Yo
2-:1-0.686)S =0 - 27782
therefore § = 562 m

The time taken can be found from:

sop[ X0
s |52 LT

40.5 5

therefore t



Find the acceleration of the car (answer correct to two ' INSTRUCTIONS

E_acimal places). = No intermediate steps are required
« If you choose to show steps, write one on each line.
* vJ g-l l%j gil Jﬁ] tD}IrJ_ »  Write your final answer on the last line.
- [ Clearline | +  The computer will check all your work in detail when you click *Submit’.
Slrfalmlvo |G« @ undo i [

Click and type your answer here




'Determine the resultant force on the car based on the INSTRUCTIONS
acceleration of 2 m/s?,

* Nointermediate steps are required

= If you choose to show steps, write one on each line,
Answer in
NS AT : +  Write your final answer on the last line.

— _ . _ The computer will check all your work in detail when you click "Submit”.
ud +| 8]0 5 -
__ =it _ e U O IBCenvng o D Question

: |+ _
ﬂﬂ MK "‘I'IETY*‘.'I Undo
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Click and type your answer here .(;

SUBMIT SHOW ANSWER




' Calculate the acceleration required to bring the car to rest in

INSTRUCTIONS
' a distance of 20 metres.

* Nointermediate steps are required

(Answer correct to three decimal places.) *  Ifyou choose to show steps, write one on each fine.

=  Write your final answer on the last line.
' = The 3
&1 <= || = l ] _QIDJ -.r‘_| _ computer will check all your work in detail when you click "Submit".

s _ _ Each hirtt wil mcuce the Cradit e for T Cusstion

o

Click and type your answer here

SUBMIT SHOW ANSWER




A 1200 kg car travelling at 60 km/h on a level road slows to
42 km/h in 4 seconds when the driver shifts the car into
neutral.
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A 1200 kg car travelling at 60 km/h on a level road slows to
42 km/h in 4 seconds when the driver shifts the car into

neutral.
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Determine the acceleration of the car. INSTRUCTIONS

*  Nointermediate steps are required
= If you choose to show steps, write one on each line.

2 | Clea
M5 ] e k=00
3
J «  Write your final answer on the last line.

J ‘ J Dﬂ D « ‘ a Usido = The computer will check all your work in detail when you click "Submit®.

Each hint will reduce the credit recaived for this question
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Click and type vour answer here




'Now that you know the car's acceleration is = 1.25 m/s*find INSTRUCTIONS
‘the total force resisting the car's motion.

* Nointermediate steps are required

= If you choose to show steps, write one on each line,
Answer in
NS AT : *  Write your final answer on the last line.

= | » The computer will check all your work in detail when you click "Submit”.
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Click and type your answer here .(;

SUBMIT SHOW ANSWER



The braking system of an 1100 kg car is required to bring it

to rest from a speed of 40 km/h in a distance of 20 metres. |;::°:::mm| B
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The braking system of an 1100 kg car is required to bring it it s s s
to rest from a speed of 40 km/h in a distance of 20 metres. i ——— L Wi o b o
Apart from the braking system, the car experiences a = o e W || T e e et o e
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The braking system of an 1100 kg car is required to bring it

to rest from a speed of 40 km/h in a distance of 20 metres.

Apart from the braking system, the car experiences a
resisting force of 800 N.
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' Calculate the total force required to bring the car to rest in a
distance of 20 metres.

Wm&a&tmﬁmmmm.}

Click and type your answer here

SUBMIT SHOW ANSWER

INSTRUCTIONS

* Nointermediate steps are required

= If you choose to show steps, write one on each line,
=  Write your final answer on the last line.

[ P —

The computer will check all your work in detail when you click "Submit”.



Determine the braking force that is provided by the car's

braking system to bring the car to rest in a distance of 20

metres.
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o

Click and type your answer here

SURMIT SHOW ANSWER

| - INSTRUCTIONS

= No intermediate steps are required

* [Ifyou choose to show steps, write one on each line.

*  Write your final answer on the last line.

» The computer will check all your work in detail when you click "Submit”.

_ Ench hint will reduce the credit mecaived for thie question




Determine the force provided by the car's engine. | INSTRUCTIONS

No intermediate steps are required
':’_“'m'“"“m’ If you choose to show steps, write one on each line.
i . Write your final answer on the last line.
flm] e 2] o] | B ki pe

| 5|J m N‘ EI- EI‘_ _ EAch hirt wéll reduce the cract receved for this question

L]

i

i0

Click and type your answer here
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A 1400 kg car accelerating from 74 km/h to 110 km/h in 5
seconds is subjected to a resisting force of 1 kN.

| DrtaTooio B S bon uf i .

24 o
=l x| mldo] ) @

CAei el 17980 VAN DT FhoRe

IRETRUGTIORS

= Foimamnecheis shepa ar regaied

= pow choms i o aen, vt oo on seach e

= Wk sour Tinal answer on the et ine,

& The comgrriar il chach fl joor e i dets when pop dics Ssal,




Sl = Mo ri=smesdis sans oo rageied

seconds is subjected to a resisting force of 1 kN. —— S
i e e - | | e e

1 —




A 1400 kg car accelerating from 74 km/h to 110 km/h in 5
seconds is subjected to a resisting force of 1 kN.
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Problems involving acceleration against gravity using Newton's second law of motion

When combining like quantities it is possible to use non-standard units, such as the forces in the example, which are combined in kilonewtons
rather than newtons.

In the case of acceleration against gravity:

If the applied pull F; is equal to the weight F,, there will be no acceleration, i.e. the object will remain in a state of rest or, if moving, will
continue to move with constant velocity.

Aforce Fy, greater than the weight will produce an upward acceleration, while a force less than the weight will allow downward acceleration.

Using Newton's
law to find Application of Acceleratio Accelerati
Acceleration  Vertical motion L ".I BRI . sl on
against gravi acceleration Newton's law Example Solution upwards downwards
i against gravity

CIVE FEEDBACK “




Problems involving acceleration against gravity using Newton's second law of motion

When motion occurs in a vertical direction, such as that of a lift, the force required to produce acceleration is influenced by the force of gravity,

i.e. by the weight, F .., of the object.

The resultant unbalanced force in this case is the difference between the applied force F, , which is often provided by the pull in a cable, and

the force of gravity F..

= -F!:. - F W
Using Newton's
: law to find Application of Acceleration Acceleration
Acceleration Vertical motion i &
i . acceleration Newton's law Example Solution upwards downwards
against gravity - .
against gravity

CIVE FEEDBACK “




Problems involving acceleration against gravity using Newton's second law of motion

F, (upward
pull)

Acceleration
- F,
a=e=lw
m
F (weight)
Using Newton's
e il maRen law to find Application of Acceleration Acceleration
i . acceleration Newton's law Example Solution upwards downwards
against gravity -
against gravity

CIVE FEEDBACK “




Problems involving acceleration against gravity using Newton's second law of motion

Gravity in this case can be regarded as the resistance to upward acceleration.

The acceleration produced by the resultant force is found from Newton's law:

E
@ =—
Ll
IFP e Fh ]
i
where:
Fy=mg
Using Newton's
law to find Application of
Accelerati Vertical moti
G[_;E era |m.f| e acceleration Newton's law Example Solution
against gravity : .
against gravity

GIVE FEEDEACK
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Problems involving acceleration against gravity using Newton's second law of motion

A loaded lift has a total mass of 1500 kg. Determine the force in the cables when:
(a) the acceleration of 2 m/s? is upwards

(b} the acceleration of 2 m/s? is downwards

Using Newton's
: - ; law to find Application of Acceleration Acceleration
Acceleration Vertical motion i : =
i . acceleration Newton's law Example Solution upwards downwards
against gravity : .
against gravity

CIVE FEEDBACK “




Problems involving acceleration against gravity using Newton's second law of motion

Net accelerating force is:

g~
Il

ma
1,500 kg - 2 m/s?
3,000 N

IkN

]

The force of gravity (weight of the lift) is:

Fo=mg
= 1,500 kg - 9.81 N/kg
= 14715 N
= 147kN
Using Newton's
: - ; law to find Application of Acceleration Acceleration
Acceleration Vertical motion i
i . acceleration Newton's law Example Solution upwards downwards
against gravity : .
against gravity

CIVE FEEDBACK “




Problems involving acceleration against gravity using Newton's second law of motion

(a) When acceleration is upwards:

F = FF i Fu.-
3kN = F, - 147kN
therefore ¥, = 17.7 kN

Hence the force F, in the cable is 17.7 kN.

Using Newton's
: - ; law to find Application of Acceleration Acceleration
Acceleration Vertical motion i : =
i . acceleration Newton's law Example Solution upwards downwards
against gravity : .
against gravity

CIVE FEEDBACK “




Problems involving acceleration against gravity using Newton's second law of motion

{b) When acceleration is downwards, weight is greater than the force in the cable:

F=Fy-F,
3kN = 147kN - F,,
therefore F, = 11.7 kN

Hence the force F, in the cable is 11.7 kN.

Using Newton's
: - ; law to find Application of Acceleration Acceleration
Acceleration Vertical motion i : =
i . acceleration Newton's law Example Solution upwards downwards
against gravity : .
against gravity

CIVE FEEDBACK “




'_The acceleration Is 1.5 m/s/s upwards,

INSTRUCTIONS
' * Nointermediate steps are required
+J - | J + | ﬂ.luzf *EJ [ Clear | *  If you choose to show steps, write one on each line.
— L J_Jd = [ Clear line | = Write your final answer on the last line.
olv] <|v| 7| m|v| T « B o + The computer will check all your work in detail when you click *Submit".
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' The acceleration is zero, |.e. the elevator Is at rest or moving

INSTRUCTIONS
:E_ithaon s = Nointermediate steps are required
= W ;] = If you choose to show steps, write one on each line.
,_+ el | W ‘.+. & Il:I :"{E] — = Write your final answer on the last line,
‘o) 'J 5|'J ﬂ" ml'l O .lj.l_ * The computer will check all your work in detail when you click *Submit”.
— = =@ Undo [ G [ —
o
Click and type your answer here (
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'_The acceleration is 1.3 m/s/s downwards.

INSTRUCTIONS
' * Nointermediate steps are required
+J - | J + | ﬂ.luzf *EJ [ Clear | *  If you choose to show steps, write one on each line.
— L J_Jd = [ Clear line | = Write your final answer on the last line.
olv] <|v| 7| m|v| T « B o + The computer will check all your work in detail when you click *Submit".

[ hn [ —

Click and type your answer here
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An elevator has a total mass of 1800 kg. Determine the
force in the supporting cable for the given conditions.
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An elevator has a total mass of 1800 kg. Determine the
force in the supporting cable for the given conditions.
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An elevator has a total mass of 1800 kg. Determine the
force in the supporting cable for the given conditions.
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Solving problems involving acceleration against friction on inclined planes

Acceleration against dry sliding friction

The underlying cause of resistance to continuous motion is usually found in some combination of different
forms of friction. In this section we examine typical cases in which dry sliding friction between a body and a
supporting surface is responsible for resistance to motion.

>
Draw a free body diagram resolving all forces into
components along the plane (x-direction) and Since there is no motion perpendicular to the plane,
perpendicular to the plane (y-direction). Note that write the equation of equilibrium of forces in the

the force of friction Ff must always be shown in the y-direction, OF = 0. Solve for the normal reaction F,.

direction opposite to that of motion. ¢

Since there is motion along the
Using the law of dry sliding plane, write the expression for the
friction, Fy = WF , calculate net accelerating force F, i.e. add all
forces assisting motion and
subtract all forces opposing motion
in the x-direction.

Substitute into Newton's law
formula, F = ma, and then calculate
the required unknown, which may
be either the acceleration or the

applied force F,.

the frictional resistance
force Fy.

GIVE FEEDBACK



Label the free body diagram,

mg Fa 0

a mgcos mgsinB

A
S

Cruihmit



Arrange the following steps for solving typical problems of acceleration against dry sliding friction
into the correct sequence.

44 Place these in the proper order.
Draw a free body diagram with forces resolved into x and y components. il

Write the equation of equilibrium of forces in the y direction and solve for the normal sm
reaction.

Calculate the dry sliding friction force. il

|||||
11111

Write an expression for the net accelerating force in the x direction. i

-----

Substitute into F = m a, and then calculate the required unknown quantity. i

Do you know the answer?




Label the free body diagram.




Label the free body diagram,
By B B Fy

Y|
x x
— — - r— -. MR-
I-'_
Yl
Submit
Do you know the answer?
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Prohlems involving acceleration against frictions on inclined planes—Example 2 1/7

Example 2

The block shown below has a mass of 5 kg. The coefficient of friction between the block
and the surface is 0.32. The force F, of 18 N is applied at 257 to the horizontal as
shown. Calculate the acceleration of the block, and hence the distance moved in 6 s,
starting from rest.

FF=1EN

5 kg 25

PTG S ST TS S

GIVE FEEDBACK CONTINUE >



Prohlems involving acceleration against frictions on inclined planes—Example 2 2/17
Solution

In this case, it is necessary to resolve the applied force into components:

Fsx = 18cos 25°
= 1631 N

Fp y = 18sin 25°
= 761N

< BACK GIVE FEEDBACK m



Prohlems involving acceleration against frictions on inclined planes—Example 2

The free body diagram for the block is shown below.

Y|
F,=49.05N

F

,,________|1_._.

Fpe=16.31N

2
FI'

Fa
y

< BACK GIVE FEEDBACK
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Prohlems involving acceleration against frictions on inclined planes—Example 2 4/7
The weight of the block is:

Fy=5+-981
=49.05 N

There is no motion perpendicular to the plane. Therefore, the forces must be balanced in
the y-direction. The vertical component of the applied force is included in this equilibrium
equation:

Fu+Fpy =Fy
Ey + 7.61 = 49.05
therefore F, = 41.44 N

Hence, the normal reaction F,, is 41.44 N.

m GIVE FEEDBACK CONTINUE >



Prohlems involving acceleration against frictions on inclined planes—Example 2

Using the law of friction:

Fy

Hence, the frictional resistance force Fy

m GIVE FEEDBACK

= I-I-Frr
0.32 + 41.44
13.26 N

is13.26 N.

5/1



Prohlems involving acceleration against frictions on inclined planes—Example 2 6/7

The net accelerating force F in the x-direction is equal to the horizontal component of the
unknown applied force F . less frictional resistance Fy :

F=Fpy —Fp
= 1631 - 13.26
= 305N

Substitute this into Newton's law formula:

F=ma
3.05

therefore a

S5a
0.61 m/fs?

Hence, the acceleration along the plane is 0.61 m/s?.

m GIVE FEEDBACK CONTINUE >



Prohlems involving acceleration against frictions on inclined planes—Example 2 1/7

The distance moved in 6 s is now found using the appropriate equation of linear motion:

a

ar=

¥ 5]
Il

vol +

0.61 - 62
+
2

0

11 m



Problems involving acceleration against friction on inclined planes—Example 1 1/5
Example 1

A block of mass 26.3 kg is sliding along a horizontal supporting surface with an
acceleration of 1.7 m/s* when pulled by a horizontal applied force F . If the coefficient of
kinetic friction between the block and the surface is 0.35, what is the magnitude of the
applied force?

GIVE FEEDBACK CONTINUE >



Problems involving acceleration against friction on inclined planes—Example 1 2/5

Solution

Draw the free body diagram as shown below.
il
F,=258N

F
1

In this case all forces are either parallel or perpendicular to the plane. Therefore, there is
no need to resolve them into components.

m GIVE FEEDBACK CONTINUE >



Problems involving acceleration against friction on inclined planes—Example 1 3/5

The weight of the block is:
I‘IH- = 2633 - quI
=258 N

There is no motion perpendicular to the plane. Therefore, the forces must be balanced in
the y-direction:

Mormal reaction:

m GIVE FEEDBACK CONTINUE >



Problems involving acceleration against friction on inclined planes—Example 1 4/5

Using the law of friction:

Ff =uky
0.35 - 258
90.3N

Therefore frictional resistance force Fy is 90.3 N.

The net accelerating force F in the x-direction is equal to the unknown applied force F,
less resistance Fy :

F=F, —~Fy
Fy -903

]

therefore F

m GIVE FEEDBACK CONTINUE >



Problems involving acceleration against friction on inclined planes—Example 1 5/5

Substitute this into Newton's second law formula:

F=ma
Fy - 903 =263 - 1.7
= 135N

therefore F P

Hence the applied force F, is 135 N.



Prohlems involving acceleration against frictions on inclined planes—Example 3 1/7

Example 3

A box of mass 110 kg is accelerating downwards along a plane inclined at 35° to the

horizontal against a restraining force of 185 N acting up along the plane. The coefficient
of friction is 0.43. Calculate the acceleration of the box, and hence the time taken for it

to slide 3 m along the plane.

GIVE FEEDBACK CONTINUE >



Prohlems involving acceleration against frictions on inclined planes—Example 3 2/17

Solution

The weight of the box is:

|
Il

110 - 9.81
1LO79N

In this case it is necessary to resolve the weight into components:

e 1,079 sin 35°

618.9 Nalong the plane

Fyy 1,079 cos 35°

883.9 N perpendicular to the plane

m GIVE FEEDBACK CONTINUE >



Prohlems involving acceleration against frictions on inclined planes—Example 3 3/7

The free body diagram for this block

< BACK GIVE FEEDBACK m



Prohlems involving acceleration against frictions on inclined planes—Example 3 4/7

Note carefully the direction of frictional resistance force F; which is shown in opposition
to motion, i.e. up the plane. There is no motion perpendicular to the plane. Therefore, the
forces must be balanced in the y-direction. Only that component of weight which is
perpendicular to the plane is relevant to this equilibrium equation:

I'I.u = Fw_}l
= 8839 N

Thus, the normal reaction F, is 883.9 N.

Using the law of friction:

Fy = pnF,
=043 8839N

Therefore, frictional resistance force FJ-' is 380.0 N.

< BACK GIVE FEEDBACK CONTINUE >



Prohlems involving acceleration against frictions on inclined planes—Example 3 B/

The net accelerating force F is equal to the algebraic sum of all forces acting in the
x-direction along the plane. These include the applied force F, the force of frictional

resistance F; and the x-component of the weight F, ..

Forces acting in the direction of acceleration are taken to be positive. Forces acting in the
opposite direction are taken to be negative:

F=Fyx-Fp - Fj
6189 — 185 — 380
53.9N

]

Therefore, the net accelerating force F is 53.9 N.

< BACK GIVE FEEDBACK CONTINUE >



Prohlems involving acceleration against frictions on inclined planes—Example 3 6/7

Substitute this into Newton's law formula:

F=ma
539=110a
Soa =049m/s?

Hence, the acceleration of the box along the plane is 0.49 m/s?.



Prohlems involving acceleration against frictions on inclined planes—Example 3 1/7

The time taken for the box to slide 3 m along the plane is now found by substituting
values into the following equation of linear motion:

2
S = vt + ﬂ_t
P 0.49¢2
2
st =358

Hence, the time taken is 3.5 s.



Knowing the acceleration is 2.53 mfs_l calculate the distance
that the box will move from rest down the siope in 3.5
seconds.
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Click and type your answer here

INSTRUCTIONS

= No intermediate steps are required

= If you choose to show steps, write one on each line.

*  Write your final answer on the last fine.

= The computer will check all your work in detail when you click *Submit”.
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A 50 kg box is pulled along a horizontal surface that has a
friction coefficient of 0.39.

If a 300 N force is applied at an angle of 30 degrees to the
horizontal, how long would it take for the box to move 4 m
along the surface if it starts from rest?

(Answer correct to two decimal places.)
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* No intermediate steps are required

« I you choose to show steps, write one on each line.

*  Write your final answer on the last line.

= The computer will check all your work in detail when you click *Submit”.
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A 60 kg box accelerates from rest down a plane that is e ' o . | st

inclined at an angle of 40 degrees to the horizontal against o e o S et i
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A 60 kg box accelerates from rest down a plane that is
inclined at an angle of 40 degrees to the horizontal against
a restraining force of 100 N. The surface has a friction
coefficient of 0.28.
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A 50 kg box is moved along a horizontal surface that has a ] o INSTRUCTIONS

friction coefficient of 0.39. « No intermediate steps are required

If the box accelerates at 1.5 m/s/s, what Is the applied »  If you choose to show steps, write one on each line.

horizontal force? (Answer to one decimal place.) «  Write your final answer on the last line.

E « The computer will check all your work in detail when you click *Submit”.
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-A. 50 kg box is pulled along a horizontal surface that has a
friction coefficient of 0.39.

If the box accelerates at 1.5 m/s/s and the applied force acts
at an angle of 30 degrees to the horizontal, what Is the
applied force?

(Answer correct to the nearest newton.)
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Click and type your answer here
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INSTRUCTIONS

= Nointermediate steps are required

* If you choose to show steps, write one on each line.

= Write your final answer on the last line.

« The computer will check all your work in detail when you click *Submit®.
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A 50 kg box is pulled along a horizontal surface that has a INSTRUCTIONS

friction coefficient of 0.39.
* No intermediate steps are required
If a 300 N force is applied at an angle of 30 degrees to the = If you choose to show steps, write one on each line.

horizontal, what is the acceleration?
«  Write your final answer on the last line,
(Answer in metres per second squared corect to two decimal * The computer will check all your work in detail when you click "Submit*.

E’Uﬂ} r _ Each hint will reduce The credit recefved for thes question
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' r_:aluuiate the acceleration of the box down the Inclined plane.
(Answer to two decimal places.)
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Click and type your answer here
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INSTRUCTIONS

* Nointermediate steps are required

= If you choose to show steps, write one on each line,
Write your final answer on the last line,

The computer will check all your work in detail when you click "Submit”.
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