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This section disc:U5Se5 the fundamental concept or motion. Motion Includes the 
concepts or posttlon end change of positiOn. 

Sir Isaac Newton studied these concepts and formulated laws that ere able to 
assist in the understanding of motion. 

This sectJon covers su1table techniques for the analysis and prediction of the 
motion of various objects. 
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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, tra ins 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. 

< 

GIVE FEEDBACK "" Klt 



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? 

I KNOW IT THINK SO UNSURE NO IDEA 



< 

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 t he Principia. 

< 
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What is the study of motion in mechanics called? 

Dynamics 

Kinematics 

Kinetics 

Statics 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 
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< 
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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. 

GIVE FEEDBACK 
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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 '---------' 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
' 



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? 

I KNOW IT THINK SO UNSURE NO IDEA 



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 FEEDBACII 



What is motion along a straight line known as? 

0 Rectilinear t ranslation 

0 Linear motion 

0 Kinetics 

0 Displacement 

0 Distance 

I KNOW IT 

Check all that apply. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



Linear displacement 

The linear motion of an object, such as a motor car, can be described in terms of tts 
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. 

GIVE FEEOBACII 



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? 

I KNOW IT THINK SO UNSURE NO IDEA 
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Tbt co~~~J~GMnts of displacemelll 

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 tl1e 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. 

GIVE FEEDBACK 



Type your answer in the box. 

The Sl unit for the magnitude of linear displacement is the L_ ______ ___j 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



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

j Drag statements on the right to match the left 

Displacement can be described as 

Distance can be descnbed as 

Distance is a 

Displacement Is a 

Displacement has 

Distance has 

C-:::1 

C-:::1 

t:-:::1 

t:-:::1 

how far an object has moved from a f•xed 
reference point 

how far an object has travelled. 

scalar quantity. 

vector quantity. 

c:-:::1 a magnitude and a direction. 

c:-:::1 a magnitude only. iir' 
ill! 



r 

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. 

< 
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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. 

< 

l 
If reversal in the direction of motion occurs, such as when 
an object is thrown upwards, reaches a maximum alt itude 

and starts falling, problems can easily be solved by 
considering the different stages of motion separately. 

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

0 40 km/h east 

0 15 m;s south-west 

0 60 km/h 

0 10m/s 

0 55 miles per hour west 

Check all that apply. 

0 Walking pace towards the refrigerator 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
' 



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

the kilometre per hour (km/ h). 

< 
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The co·mponents of velocity 

For linear motion in one direction, velocity at 
any point can best be understood as the 

distance t ravelled by an object per unit t ime 
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 veloctty 
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 t he 
km/ h value by 3 .6: 

< 

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

lUI 
lUI 



Type your answer in the box. 

72 km/h is equal to '--------' m;s. 

fi 

Do you know the answer? 

I KNOW IT THINK SO UNSUR[ NO IDEA 



Type your answer in the box. 

54 km/h is equal to '--------' m;s. 

li 

Do you know the answer? 

I KNOW IT THINK SO UNSUR[ NO IDEA 



Type your answer in the box. 

10 m;s is equal to '--------' km/h. 

fi 

Do you know the answer? 

I KNOW IT THINK SO UNSUR[ NO IDEA 
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Speed is not a synonym for veloclty, but a scalar quantity which expresses the 
magnitude of velocity only, Without any reference to 1ts directlOil. 

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. 

GIVE HEOBACII 



Match the statements that describe the differences between speed and velocity . 

.j Drag statements on tbe right to match tbe left 

Speed is 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. 

I:Hl 10 m/s. 

I:Hl 50 km/h north-west. 
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C0rn'l(lmion r rom motroo per second to kilomot«ss per 
hour requires mutti-plication by 3600, because there 
are 3600 seconds tn an hour, and division by 1000, 
because there are 1000 metros In a kllomouc. 
Therefore 1 m/s is equal to 3 .6 kmjh. 

·~ ... 01-------

Calculate !be speed and velocity of a moving body-Example l/2 

Exa mple 
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 11our? 

GIVE FEEDBACK CONTINUE > 



Calculate the speed and velocity of a moving body-Example 

Solution 
Distance and time: 

Speed: 

S=6km 
= 6,000m 

t = l03.8s 

s 6,000 lll 
-t = --'-,1 0'"'3--=.s=-s-

= 57.8 m/s 

Converting to kilometres per hour: 

CIVE FEEDBACK 

3,600 
Speed = 57.8 m/s · 

00 1, 0 

= 208.1 km/h 

2/2 



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

II 

~~__j~JJ_ij~~ 
~_:j ~_:j ~_:j ~_:j ._QJ 

Clear 

Undo 

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 using L-----------' 

divided by . (Use the actual quantities here.) 

This ca lculation gives a speed of L-----------' m;s. 

Iii 

Do you know the answer? 

I KNOW IT THINII SO IJNSURE NO IDEA 



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

Iii 

Check all that apply. 

0 60 km 

0 60000 m 

0 3600 m 

0 2.25 km 

0 26.67 km 

0 26667 m 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



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

i1 

90 km/h 

3240 km/h 

90 m/s 

25 km/h 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINH SO UNSURE NO IDEA 
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If veJocny as not COill;lant bllt changes at a unifonn rate. an object IS said to 
move v.rth a uniformly accelerated motion. 

The rate at which linear velocity changes with time Is called llnenr ncceleration, 
a. 

The base unit for acceleration Is metres per second per second (m/S/S or m/ s 2 

), 

GIVE fEEOBACII 



What is the correct term that describes the rate at which linear velocity changes with time? 

Linear acceleration 

Linear speed 

Average speed 

Average velocity 

Initial velocity 

Final velocity 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 
' 



To._o_111o -ID!hll-10 ..... 
... - .... --111o-lor ......... 

......... ~ ..., ---- If. over a period of time equal to 1 seconds, velocrty of an object changes from 

its initial value vo to a final value v, It follows from the defrnrtron that 

acceleratton a rs the quottent of the increment of velocrty ( v - •·oJ and the time 

t 

_,t_v --:-'...:'0"') Q =-
t 

It can readily be seen that the unit of accelerauon must be the unit or velOCity 

(rnfs) dMded by the unit of ume (S), I.e. metre per second squared (m/s2). 
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Match each of the given quantities to the corresponding symbol for use in mathematical equations. 

Accelerat ion 

Initial velocity 

Final velocity 

Time 

I KNOW IT 

j Drag statements on the right to match the left 

c-::::1 a 

C-::::1 VO 

C-::::1 V 

C-::::1 t 

Do you know the answer? 

THINK SO UNSURE NO IDEA 
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Tbt relationship between initial and lfllll velocillea. time and acceleration 

The relationship between Initial and final velocities, time and acceleration for 

unifonnly accelerated motion is usually stated as a fonnula in which final 

velocity is the subject: 

I' • Vo + Q I 

wflefe: 

v is the final velocity in fl'I/S 

vo is the initial velocrty In m/s 

a is the acceleration in m/s z 

t is the time taken in s 

GIVE FEEDBACK 



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= ,_ _______ _. + ,_ _______ _. x ,_ _______ _..(Use the 

actual values for each of these quantities.) 

= '---------' mjs. (Answer correct to two decimal places.) 

Do you know the answer? 

I KNOW IT THINK SO UNSURE . NO IDEA 
I I 



Differenees betweu unilorw 1CC4ltrltion 1nd Ultitonn deutention 

M.lll••'*""'· -• k-Ill' 1 If, instead of Increasing. lite velocity Is gradually decreasing. lite motion is said 
_,..., '"' .... ~~>o....-vo~... to be uniformly decelerated • 

•• .. 0 II! 
Deceleration. or retardation, can be regarded as negative acceleration, i.e. 
acceleration acting in the d1rectlon opPQSJte to the velocity. 

GIVE FEEDBACK 



Match the statements to provide correct information regarding acceleration and deceleration . 

.j Drag statements on tbe right to match tbe left 

Acceleration acts In the 

Deceleration acts In the 

Acceleration is denoted 

mathematically by a 

Deceleration Is denoted 

mathematically by a 

I KNOW IT 

CMJ same direction as the velocity. 

CMJ opposite direction to the velocity. 

CMJ positive number. 

CMJ negative number. 

Do you know the answer? 

THINK SO UNSURE NO IDEA 



Calculate the acceleration of a moving bodY-Example 

Example 

A car starts from rest and accelerates atthe rate of 1.2 m/s 2 for 15 seconds. 
Determine the velocity reached after 15 seconds. 

GIVE FEEOBACII CONTINUE > 



Calculate the acceleration of a moving bodY-Example 

Example 

A car starts f rom rest and accelerates atthe rate of 1.2 m/s 2 for 15 seconds. 
Determine the velocity reached after 15 seconds. 

Solution 

Initial velocity: v0 = 0 

Time: t = ISs 

Acceleration: a = 1.2 m/ s 2 

Substitute into v = v0 + a t: 

V = 0 + 1.2 m/s 2 • 15 s 

= 18 m/s 

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

CIVE FEEDBACK 



Type your answer in the box. 

Find the f inal velocity of a car that accelerates at 2 mjsjs for 12 seconds from an initial velocity of 5 mjs. 

v= + x '----------' '---------''---------' 

= ._ _______ _, mjs. 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



-I 
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). 

l~i~~~~~~~~l 
~~U~JJ~~ 
~~~~~~~Ej~ 

Clear 

Undo 

Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 



ThO equauon could also have bOM transposed lO 
make 't' the subject before the numerical vatues were 
substituted lflto tt. 

·• • o~------

Calculate !be time taken for tl1e change in velocity of a moving bOOy-Example l/2 

Exa mple 

If, after travell ing for some distance at a constant velocity of 18 m/s, brakes 
are applied to a car producing a retardation of 2 mfs l, determine the time 

taken to reduce its velocity to 10 m/s (36 km/h). 

GIVE FEEDBACK CONTINUE > 



Calculate tbe time taken for tbe change in velocity of a moving body-Example 

Solution 

Initial velocity: 

Final velocity: 

Acceleration: 

Substitute into v = v0 + a t: 

Hence, time taken is 4 s. 

CIVE FEEDBACK 

vo = 18 m/s 

v = lOm/s 

a=-2m/s2 

10 = 18 - 21 

110- l8 l 
therefore t = · _ 

2 
' 

= 4s 

2/2 



Type your answer in the box. 

Calcu late the t ime taken for a truck to come to rest f rom 18 mjs if the brakes are able to apply a deceleration 
2 of 3.6 mj s. 

time=(,_ _______ _. L_ _______ _,)/ ,_ _______ _. 

= seconds. 
'---------' 

Iii 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Four equations of linear motion 

l
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: 

GIVE FEEDBACK 

Equations of 
linear motion 

S = t·v •• 

T r 

Average Changes in 
Distance 

velocity _t___:elocity 

L 

Distance, 

acceleration 

and velocity 

Solving 

problems 



Where simple arithmetic averaging of velocities gives: 

GIVE FEEDBACK 

Equations of 

linear motion 

Average 

velocity 

Four equations of linear motion 

Changes in 
velocity 

r 

L 

Distance 

Distance, 

acceleration 

and velocity 

Solving 

problems 



r 
When these equations are combined, we have: 

which is an additional Independent equation to: 

Equations of Average 

linear motion velocity 

l 
GIVE FEEDBACK 

Four equations of linear motion 

S = t ( vo + v} 
• 2 ' 

·v = vo + at 

Changes in 

velocity 
Distance 

Distance, 

acceleration 

and velocity 

Solving 

problems 



Eliminating final velocity v from t hese equations yields: 

T 

Average 

Four equations of linear motion 

at2 
S = vot + --

2 

----r----------- r---

Changes in Equations of 
linear motion 

l 
velocity _t___:elocity 

Distance 
Distance, 

acceleration 
and velocity 

GIVE FEEDBACK 

Solving 

problems 



Four equations of linear motion 

Similarly, if time t is eliminated, we get 

T r 

Equations of Average Changes in 
Distance, 

Solving 
Distance acceleration 

linear motion velocity _t___:elocity problems 

l and velocity 

L 

GIVE FEEDBACK 



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. 

T r 

Equations of Average Changes in 
Distance, 

Solving 
Distance acceleration 

linear motion velocity _t___:elocity problems 

l and velocity 

L 

GIVE FEEDBACK 



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

j Drag statements on the right to match the left 

S= c-::J t ( (v o + v ) ) 
' 2 ! 

v = c-::J vo +at 

S = vot + c-::J 
t 2 

a-
2 

2aS = c-::J 2 v2- Vo 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 

:m: ..... 

..... 
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TOO rostllt:s Of thiS oxam pic Pf'OVido in:slruetion not 
only for the student of mechanics but also for those 
conscious of road safetY. 

.•• 0•------

Problems involving unifonnly accelerated linear motion using the equations of linear-Exa~~ 

Example 

Find the total emergency stopping distance of a car and the total t ime taken 
from the point where the driver sights danger ff the driver's reaction time 

before applying the brakes is 0.9 s, the initial velocity is 60 km/h and 

retardation due to the brakes is 7.5 m/s2 • 

dislanc:e, S 

GIVE FEEDBACK CONTINUE > 



Problems involving uniformly accelerated linear motion using tile equations of linear-Example 2/4 

Solut ion 

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): 

v = 60 lan/h · l ,OOO 
3,600 

= 16.67 m/s 

Time: t = 0.9 s 

Displacement: S = t · v a v 
= 0.9 · 16.67 m/s 
=15m 

CIVE FEEDBACK CONTINUE > 



Problems involving uniformly accelerated linear motion using tile equations of linear-Example 3/4 

(b) Decelerated motion 
Init ial velocity: v0 = 16.67 m/s 

Final velocit y: v = 0 

Acceleration: a = - 7.5 m/s 2 

Note: retardation is negative acceleration. 

Substitute into v = v0 + a t to f ind time taken to bring the car to rest: 

0 = 16.67 + (-7.5 ) XI 

:.t = 2.22s 

CIVE FEEDBACK CONTINUE > 



Problems involving uniformly accelerated linear motion using tile equations of linear-Example 4/4 

Substitute into S = t (vo; v i to find the displacement during the period of decelerated 

motion: 

s = 2.22. ( (16.67 + 0) )" 
·. 2 . 

= 18.5m 

Combining the answers obtained in (a) and (b) yields: 

Total stopping distance = 15 + 18.5 = 33.5 m 

Total time taken = 0.9 + 2.22 = 3.12 s 

CIVE FEEDBACK 



Determine the velocity of a car after It Is subjected to an acceleration of 2 m;s2 for 3 seconds If It 

was initially travelling at 72 km/h. 

Check , that apply. 

u 29m/s 

~ 104.4 km/h 

0 26m/s 

0 93.6 km/h 

0 23.6 m/s 

0 92 km/h 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Type your answer in the box. 

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

Final velocity at maximum height = '---------' m/s. 

Acceleration= m/s2
• 

'---------' 

Maximum Height = '------------' m. 

Do you know the answer? 

I KNOW IT IHINK SO UNSURE NO IDEA 
' 



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

Iii 

Click the correct answer. 

0.2 m/s2 

0.06 m;s2 

Do you know the answer? 

I KNOW IT 'THINM SO UNSUR£ NO IDEA 



Calculate the acceleration required to Increase the velocity of a train from 10 m;s to 20 mjs In 5 
seconds. 

Click the correct answer. 

-1.5 m;s2 

Do you know the answer? 

I KNOW IT THINK SO NO IDEA 
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Galileo suspected that if fall1ng bodies were heavy enough to render air 
resistance negligible. Aristotle's idea was demonstrably wrong. 

He undertook a senes of experiments which led him to the correct 
conclusiOns that the miiXImum speed attained by a falling body, In the 
absence of air resistance. Is proportional to the ume taken, and that the 
distance travelled from rest Is proportional to the square of the Ume . 

This is consistent with the equations of linear motion if we take the Initial 
velocity to be zero. I.e. ro ., o. and the accelerallon due to gravity as a 1 : 

GIVE FEEDBACK 

\' • v0 + II I g)Ves v • a I I, 

and :s at: 
vat + -

2
- gives :S 

a, 11 

2 



Match the Idea to the person who stated it. 

i' Drag statements on the right to match the left 

A light body falls slower than a heavy one. 

The maximum speed attained by a falling 
body is proportional to the time taken. 

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

Education Is the best provision for the 
j ourney to old age. 

c-:::1 Aristotle 

c-:::1 Galileo 

c-:::1 Galilee 

c-:::1 Aristotle 

Do you know the answer? 

Iilii 



ThO E=:<act numortcal value of grovitotiOnal 
acceiEH'ation is subject to loc;:al variations. The vatue 
of 9.81 metres per second squared Is generally 
aecept:OO as a suJlabte approxtmation • 

•• • Ql------

Tbe value of gravitational acceleration title acceleration of a body in free fall) 

Experiments conducted since the time of Galileo, combined with the principles 

expounded by Newton, set the value of gravitat ional acceleration at: 

This is more or less constant anywhere on or near the surface of the Earth. 

GIVE FEEDBACK 



Type your answer in the box. 

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

The accepted va lue of the magnitude of the acceleration due to gravity is '---------' mjs2
• 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



--~~~ ... ----~~~~.-- a •.,. ....at;blie. 1,_. la18U81tt man trw1 --In-·....,.,.. ..-...-lie-__ .,. __ ., ..... _ 
._,.not~ on.,_,., II tom t. bUt altO 

.., ............. ,...,.,.. ~-"' - • U.OI~P*'•cv. 

.. • 0 

Proble111s involvi~~& acctltntloo of bodies In frH ftll-lumple 1 113 

Example 

A stone is dropped from the deck of a bridge and strikes lhe water below 

after 3.4 seconds of free tell. Neg)ectlng air resistance, calculate lhe height of 

the bfidge above the water and the velocity wrlh which the stone strikes lhe 

water • 

GIVE FEEDBACK CONTINUE > 



Problems involving acceleration of bodies in free fall-Example 1 

Solution 

Since the initial velocity is zero, v0 = o, and ag = 9.81 m/s 2, the distance of free fall is 

found f rom: 
at 2 

S = vot + --
2 

0 
9.81 . 3.42 

= + -----::---
2 

= 56.7m 

The final velocity is found from: 
v = vo +at 
= 0 + 9.81 . 3.4 
= 33.4m/s 

2/3 

CIVE FEEDBACK CONTINUE > 



Problems involving acceleration of bodies in free fall-Example 1 

If a body such as a stone is projected vertically upwards with an initial velocity v0, 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/s2 . 

CIVE FEEDBACK 

3/3 
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Problems iiMIIviog 11«oleratioll of bodies ia free faii-Eulllple 2 1/ 5 

Example 

If a stone is thrown upwards from the edge of a bridge with an lnitlal velocity of 

15.6 m/s, determine the maximum height reached above the deck ofthe 
bridge, the velocity with which it strikes the water below (56. 7 metres below 

the deck of the bridge) and the total time taken. 

GIVE FEEDBACK 

A 
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CONTINUE > 



Problems involving acceleration of bodies in free fall-Example 2 

Solution 

(a) Consider the upward motion first. 

Initial velocity: v0 = 15.6 m/s 

Acceleration: ag = -9.81 m/s 2 

Final velocity at point A: v = 0 
Substitute into 2aS = v 2 v0 z: 

2 · (- 9.81) · S = 0- 15.62 therefore S = 12.4 m 

Therefore the maximum height above the deck is 12.4 m. 

CIVE FEEDBACK 

2/5 

CONTINUE > 



Problems involving acceleration of bodies in free fall-Example 2 

Now using v = vo + at: 

0 = 15.6 + (- 9.81) t 

therefore t = 1.59 s 

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

CIVE FEEDBACK 

3/5 

CONTINUE > 



Problems involving acceleration of bodies in free fall-Example 2 4/5 

(b) Consider free fall from the maximum height into the water below. Measured from point 

A as the origin: 

Displacement: S = 56.7 m + 12.4 m = 69.1 m 
Initial velocity: v0 = 0 
Acceleration: a8 = 9.81 m/s 2 

Sbt'tt · S atZ u s 1 u e 1nto = v0 t + -
2

- : 

691 - 0+9.8l t2 
. - 2 

therefore t = ~ = 3. 75 s 

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

CIVE FEEDBACK CONTINUE > 



Problems involving acceleration of bodies in free fall-Example 2 

Now using v = v0 + at. the velocity when striking the water is equal to: 

v = 0 + 9.81 . 3.75 
= 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: 

total t ime= 1.59 s + 3.75 s 
= 5.34 seconds 

CIVE FEEDBACK 

5/5 



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< 

' 

Type your answer in the box. 

(a} The maximum height reached abO,re the deck Of the brtdge IS mGttes. 

The time taken to ceactl this height is seconds. 

{Ansv.-er oorract to two decfmal J)laoes.) 

Do you know the answer'! 

I KNOW IT 1111N~ ~0 IJNSIJ~I NO IDEA 



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

Type your answer in the bo1. 

(b) The distance that the stone must travel from point A to th& watef below the bridge is 
,_ _____ _,m. 

The time taken in free fall from point A is seconds. 

The v&locltywlth which the stone strtkas the watef ts mjs. 

(Answer oorrect to two decimal plaoes.) 

liil 

Do you know the answer? 

I KNOW IT UN SURf NO IDEA 



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

>I< 

Type your answer in the box. 

(C) Th& total time tak&n to hit t he wal.Q( afte( tha stooo is t h!O\vn ls 9(1ual to '---------' 
seconds. 

{Answer oorrect to two decimal places.) 

Iii 

Do you know the ans\\•er? 

I KNOW IT UNSU~E NO IDEA 
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N11Wtoe'1 Une 11W1 of mot~ 1/ 3 

Slightly reworded. Isaac Newton's three laws of motion are os follows: 

1. Rrst law. tf there IS no unbalan<:ed force actJng on a body, the body will 

remain at rest or conunue to move on a straig)lt line woth a constant linear 

velocity. 

2. Second law. The acceleratoon 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 reacuon are equal in magnitude and 

opposite in direction. 

GIVE FEEDBACK CONTINUE > 



Newton's tbree laws of motion 

In a different order, these laws take us through tl1e 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. 

2/3 

CIVE FEEDBACK CONTINUE > 



Newton's tbree laws of motion 

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: 

where: 

F is the resultant of all forces acting on a body 
m is the mass of the body 
a is the acceleration 

CIVE FEEDBACK 

3/3 



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

Newton's first law of 

motion 

Newton's second law of 

motion 

Newton's third law of 

motion 

I KNOW IT 

i' Drag statements on the right to match the left. 

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. 

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. 

The forces of action and reaction are equal in magnitude and opposite in direction. 

Do you know the answer? 

THihK SO UNSURE NO IDEA 

..... ..... 
m~ 
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ii 

Define Inertia 

Newton's first law Introduces the property of matter, often called Inertia, which 
detennines its resistance to a change In tts state of rest or unifonn motion. 

Mass of a body IS then regarded as the quantJtati~e 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 

cal led '---------' 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
' 



Newton's second La\v, expressed matMmatically. is 
an essential tool for investigations in kinetics. 

..• 0•-------

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

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: 

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. 

F 

m 

a 

I KNOW IT 

j Drag statements on the right to match the left. 

c:-:J 

c:-:J 

c:-:J 

Force in newtons 

Mass in kilograms 

Acceleration in metres per second 

squared 

Do you know the answer? 

THINK SO UNSURE NO IDEA 
' 



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? 

I KNOW IT THINK SO UNSURE NO IDEA 
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TH Sl uit of lore. 

Nev.ton's second law of motion requires the product of the Sl uOits of mass and 

acceleration. I.e. kilogram and metre per second squared. 

The resultant unit Is the Sl unit of force. kg.m/s l. which iS g)ven the special 

name newton (symbol N). 

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

F • ma 

I ~ = l kg X I m/~ 2 

N = kg.m 
sl 

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 met re per second (symbol kgmjs) 

pascal (symbol Pa) 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Tho_,.., lo o-unit. TNo Uodcl """""1hO 
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The relationship betwetn tiM 111wtoa 1nd the kiiG&ram 

Newton's second law of motion requires the product of the Sl untts of mass and 

acceleration, i.e. kilogram end metre per second squared. 

This equation describes the relatiOnship b<>tween the two unrts. the newton 
(symbol N) and the kilogram (symbol k&). 

From Newton's second law of motiOn: 

f • m '' 
IN • I kj! • 1 ml\1 

N•~ . ' 

GIVE FEEDBACK 



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

1 kgm/s 2 

1 kgm 2 

1 kgm/s 

1kg 

I KNOW IT 

Click the correct answer. 

Do you know the answer? 

THINK SO UNSURE ' NO IDEA 
' 



Problems involving force and acceleration using Newton's second law of motion-Examples 3--4 114 

Example 3 

Determine the acceleration of a body sliding down a frictionless surface inclined to the 

horizontal at 35°. 

GIVE FEEOBACII 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 w = mg. The perpendicular component of weight is balanced 

by the norma I reaction at the surface, as shown in the f igure below. 

CIVE 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: 

F 
a = ­

m 

= m g sin 35• 
m 

= 9.81 · sin 35° 

= 5.63m/s2 

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

as shown. 

CIVE 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, f rom rest to 60 

km/h in 12 s. 

CIVE FEEDBACK CONTINUE > 



Problems involving force and acceleration using Newton's second law of motion Examples 3-4 4 I 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 from v = vo +at, where v = 60km/h = 16.67m/s: 

Applying NewtonTs law: 

F=ma 

= l,SOOkg · 1.389m/s 2 

= 2,083N 

= 2.08kN 

<BACK GIVE FEEDBACK 

16.67 = 0 + a · 12 

therefore a = 1.389 mls 2 



Problems involving force and acceleration using Newton'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 mls2• 

GIVE FEEOBACII CONTINUE > 



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

Exam ple 1 

Determine the net force required to give a body, of mass 300 kg, a horizontal 
acceleration of 2.5 mls2• 

Solution 

F = m ·a 
= 300 kg · 2.5 m/ s2 

= 750 kg . mJs2 
= 750N 

CIVE FEEDBACK CONTINUE > 



Problems involving force and acceleration using Newton'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. 

CIVE FEEDBACK CONTINUE > 



Problems involving force and acceleration using Newton'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: 

CIVE FEEDBACK 

F,., = mg 

= 25 kg · 9.81 N/kg 

= 245.3 N 

CONTINUE > 



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

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

CIVE FEEDBACK 

F 
/l = -

m 

245.3 N 
= 25 kg 

= _2_45_.3-::kC::g,_·_m_ / s_z 
25kg 

= 9.81 m/s 2 



Calculate the acceleration of a 100 kg mass that ls placed on 
a frictionless plane inclined at an angle of 30 degrees to the 
horizontal. 

(Answer m metres per second squared correct to three 
decimal places.) 

Iii 
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Click and type your answer here 

CHALLENGE SUBMIT 

Clear 

Cla<~ r line 

Undo 

INSTRUCTIONS 

• No intermediate steps are required 

• If you choose to show steps. write one on each l1ne . 
• Write your final answer on the last line. 

• The computer w111 check all your work in detail when you click 'Submit•. 
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Calculate the acceleration of the car. 

_!j_:j ~ I iJ ~~ .~ ~_:j 
~_:j ~ ~_:j E:J EJ ~II 

Click and type your answer here 

Clear 

Clear line 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 

INSTRUCTIONS 

• No 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•. 

Hmt E.ach flint will reduce the credit received for thJs question 



Calculate the force In Newtons acting on a lSOO kg car that 
accelerates at 2 m;s;s. 

i 

+ + ] ~ J ol J ro l Clear 

Clear line 

~_j 5 l .. lrr l ~.:J D +J Undo 

Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 

INSTRUCTIONS 

• No 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" . 

Hmt 

( 



An 800 kg car is able to travel 400 metres in 10 seconds 

from rest. 

SMAll LARCE 
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An 800 kg car is able to travel 400 metres in 10 seconds 

from rest. 

SMAU LARGE 

>I< 

Determine the force required to achieve the acceleration 
of 8 m/s 2 . 

Iii! 
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Click and type your answer here 

Clear 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 



Determine the force required to achieve the acceleration 
of 8 m/s 2• 

~G__j~JJ~~ 
~~~~~~~ _QJ 

Clear 

Undo 

Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 



Calculate the weight force pressing down on a chair when an 
80 kg person is sitting on the chair. 

(Answer correct to one decimal place.) 

Iii! 

+ + J ~ ] o· JU 
Clearhne 

iOJ, ·J < I.:J 7l ~ ~~ 0 ~ • Undo 

Click and type your answer here 

CHALLENGE SU6Mif SHOW ANSWER 

INSTRUCTIONS 

• No intermediate steps are required 
• If you choose to show steps. write one on each line. 
• Write your final answer on tha last line. 
• The computer will check all your work in detail when you click •submit". 

Hint 

( 



TOO acoeklmt!On or an obj&ct iS dopondent on the 
applied force, the tractive resistance and the objecfs 
mass. 

·• • o~------

Problems involving ae<eleration against resista.nce using Newton's second law of motion- ExaJVes 
1- 2 

In the equation F = m a , the force is the net accelerating force, i.e. the 

resultant of all forces applied to the body. The resultant unbalanced force, i.e. 

net accelerating force, is the difference between the applied push or pull F P 

and the resistance force F , . 

The resistance is usually due to friction of some kind, which may include 

sliding friction, friction in bearings and air friction. 

Acceleration a = Fe,;; F, g ::7 
F, (resistance) 

Using Newton'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: 

F 
a= ­

m 

= Pp - P, 
m 

It should be clear from this equation that if the applied force F P 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. 

CIVE 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 travell ing at 60 km/h on level track. The t ractive 
resistance is 80 N/t. Calculate t he tractive effort required to accelerate the train to 100 

km/h in 30s. 

CIVE 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 travell ing at 60 km/h on level track. The t ractive 
resistance is 80 N/t. Calculate t he tractive effort required to accelerate the train to 100 

km/h in 30s. 

Solution 

Acceleration must be calculated using v = v0 + at, where v = 100 km/h = 27.78 m;s, 

and v0 = 60 km/ 11 = 16.67 m/s: 

CIVE FEEDBACK 

v = vo + at 

27.78 = 16.67 + a · 30 

t herefore a = 0.37 m/s1 

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 =rna 

= 120,000 kg . 0.37 rn/s 2 

= 44,400 N 
= 44.4kN 

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

CIVE FEEDBACK 

F r = 80 Nit · 120 t 

= 9,600N 

= 9.6 kN 

CONTINUE > 



Problems involving acceleration against resistance using Newton's second law of motion-Examples 1-2 5/8 

Therefore, from the balance of forces: 

F=Fp-F, 

44.4kN = Fp - 9.6kN 

therefore F p = 44.4 + 9.6 

= 54kN 

The required tractive effort F p is 54 kN. 

CIVE FEEDBACK CONTINUE > 



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 ft. is brought to rest from 100 km/h by a braking force of 72.7 kN. 

CIVE FEEDBACK CONTINUE > 



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

Solut ion 
If tractive resistance F r is unchanged: 

F, = 9.6kN 

In th is case, the resistance will assist the braking effort F b in slowing the t rain down. 

Therefore the total decelerating force will be: 

Deceleration is therefore equal to: 

CIVE FEEDBACK 

F=F,+Fb 

= 9.6 + 72.7 

= 82.3 kN 

F 
a= ­

m 

= 
82,300 N 
l20,000kg 

= 0.686 m/s 2 

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 

2a s = v 2 - v ~and solve for distance travelled during the period of retardation: 

2aS = v 2 -1•
2 
0 

2 · !. - 0.686iS = o- 27.782 

therefore s = 562 m 

The time taken can be found f rom: 

s = t c ~ vo ) 
562 = t ( 0 + 27.78 ) 

. 2 ! 

therefore t = 40.5 s 

CIVE FEEDBACK 



Find the acceleration of the car (answer correct to two 
decimal places). 

Clear _!j_j ~I ~El I ro ~j 
< H 1T I ~.:J 0 J 0 ~ J. Undo 

Clear line 

Click aoo rype your ans~~<er here 

CHALLENGE SUBMIT SHOW~SWER 
' 

INSTRUCTIONS 

• No 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'. 

Hmt 
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Determine the resultant force on the car based on the 
acceleration of 2 m/s 2• 

(Answer in newtons.) 

~ - · l + g J o' JE"j 
:ol i ·J~j~~j -J~D 

Click and ()'P8 your answer here 

Clear 

Clear line 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 

INSTRUCTIONS 

• No 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". 

Hint 

< 



calculate the acceleration required to bring the car to rest In 
a distance of 20 metres. 

(Answer correct to three decimal places.) 

_:!j- - ~- . I + {} J ol JQ 

(o!j.J~_j ~ ~.:J ·1~ 8 

Click and l)'pe your answer here 

Clear line 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 

• 
• 
• 
• 

< 

INSTRUCTIONS 

No 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" . 

Hint 



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. 

Iii 

SMAll LARCE 

>I< 

lbt ... .-...... ~ ... ~ ... -UII1'\oll,._ 
~·~ 

' ( 

'""""""" 
• 11,...,-~e,_ ...... ..,.._on_,.,.._ 
• \\~,:ufhllforl'.fi'WOfllk1Qt.(,._. _ .. _ .. ___ _ 



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. 

Iii 
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Determine the acceleration of the car. 

_!j~ __ru I~ J 0 2J~ ~~ 

~~~~~ ~_QJ~· 

Click and type your answer here 

Clear 

Clear line 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 

INSTRUCTIONS 

• No 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•. 

Hin t E.ach flint will reduce the credit received for thJs question 



Now that you know the car's aoceleratlon Is 1.2!\ m/s 2flnd 
the total force resisting the car's motion. 

(Answer in newtons.) 

~ - . l + g J o' JE"j 
:ol i ·J~j~~j -J~D 

Click and ()'P8 your answer here 

Clear 

Clear line 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 

• 
• 
• 
• 

< 

INSTRUCTIONS 

No 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" . 
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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. 

Iii 

SMAll LARCE 

>I< 

Qo~1M-.....-b1101fCIJli>U...W-· 

·~«l:!O..,..,.. 

•l-]1 · • - o'l ml 
.£1:J~:J~~:l~.!"-8 
•l 

• n,...,eo....,.b>tt..:w,.....-..« .. ..,"'"'".'._ 
• I'Mii:~th$1U-C!fiU'IO'~IU. 
. n-~ ...... ~.,.....,._'*llt.ln_wt...,,....~·!<-t", 
-~~-- _,_ .. ____ _ 



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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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. 

(Answer correct to the nearest newton.) 
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Determine the braking force that Is provided by tha car's 
braking system to bring the car to rest in a distance of 20 
metres. 

~~_j_:_,~p' 10 

~_j ~.:J 1l N , D• DJg 

Click and type your answer here 

Clear 

Clear lone 

Undo 

CHALLENGE SUBMIT SHOWANSWEH 

INSTRUCTIONS 

• No intermediate steps are reqwed 

• If you choose to show steps, wrote 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". 

Hont 

( 



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

• No intermediate steps are required 
(Answer In newtons.) • If you choose to show steps. write one on each line. 

• Write your final answer on the last line . 
Clear • The computer will check all your work 1n detail when you click 'Submit' . 
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A 1400 kg car accelerating from 7 4 krn/ h to 110 km/h in 5 
seconds is subjected to a resisting force of 1 kN. 
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A 1400 kg car accelerating from 7 4 krn/h to 110 km/h in 5 
seconds is subjected to a resisting force of 1 kN. 
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A 1400 kg car accelerating from 7 4 krn/ 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 quantit ies 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 P 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. 

A force F p greater than the weight will produce an upward acceleration, while a force less than the weight will allow downward acceleration. 

Acceleration 

against gravity 

GIVE FEEDBACK 

Vertical motion 

I Using Newton's 

law to find Application of 

acceleration Newton's law 

against gra~ 
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Acceleration Acceleration 

Example Solution upward~wnwards 
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Problems involving acceleration against gravity using Newton's second law of motion 

r 
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 w, of the object. 

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

the force of gravity F •.. 

r 

Acceleration 

against gravity 

, __ 

GIVE FEEDBACK 

Vertical motion 

F = Fp - Fw 

Using Newton's 

law to f1nd Application of 

acceleration Newton's law 

against gra~ 
Example 
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Acceleration 
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Problems involving acceleration against gravity using Newton's second law of motion 

Vertical motion 

Using Newton's 

law to find 

acceleration 

against gravity 

Fp(upward 
puiQ 

F,.(weight) 

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

r 
I 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: 

where: 

F 
a= ­

m 

F,. = mg 

r 

Acceleration 

against gravity 
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--' 

GIVE FEEDBACK 

Vertical motion 

I Using Newton's 

law to find 

acceleration 

against gravity 

Application of 
Newton's law Example 

r T 

Acceleration Acceleration 

Solution upward~wnwards 
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Acceleration 
against gravity 

, __ 
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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 mts• is upwards 

(b) the acceleration of2 m/s' is downwards 

Vertical motion 

I Using Newton's 
law to f1nd Application of 

acceleration Newton's law 

against gra~ 
L 

r T 

Acceleration Acceleration 
Example Solution upward~wnwards 



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

r 
Net accelerating force is: 

r 

Acceleration 

against gravity 

, __ 
--' 

GIVE FEEDBACK 

Vertical motion 

F = m 11 

= 1,500 kg · 2 m/s1 

= 3,000 N 

= 3k.N 

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

Fw =mg 
= 1,500 kg · 9.81 N/kg 
= 14,715N 

= 14.7 kN 

I Using Newton's 

law to find Application of 

acceleration Newton's law 

against gra~ 
Example 

T 

Acceleration Acceleration 
Solution upward~wnwards 



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

(a) When acceleration is upwards: 

r 

Acceleration 

against gravity 

, __ 
--' 

GIVE FEEDBACK 

Vertical motion 

F=Fp-Fw 

3kN = Fp- 14.7kN 

therefore Fp = !7.7kN 

Hence the force PI' in the cable is 17.7 kN. 

I Using Newton's 

law to f1nd Application of 

acceleration Newton's law 

against gra~ 
Example Solution 

Acceleration 

upwards 

Acceleration 
downwards 



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: 

r 

Acceleration 

against gravity 

, __ 
--' 

GIVE FEEDBACK 

Vertical motion 

F = F,.- Fp 

3kN = 14.7kN- Fp 

therefore F P = 11.7 kN 

Hence the force Fp in the cable is 11.7 kN. 

I Using Newton's 

law to f1nd Application of 

acceleration Newton's law 

against gra~ 
Example 

r 

Solution 
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Acceleration 
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The acceleration Is 1.5 m/S/S upwards. 
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The acceleration Is zero, I.e. the elevator Is at rest or moving 
with a constant velocity. 
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The acceleration Is 1.3 m/S/S downwards. 
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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 s.liding 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 

perpendicular to the plane (y-direction). Note that 

the force of friction Ft must always be shown in the 

Since there is no motion perpendicular to the plane, 

write the equation of equilibrium of forces in the 

y-direction, aFY = o. Solve for the normal reaction F, . 

< 
direction opposite to that of motion. 

< 

Using the law of dry sliding 

friction, Ft = ~F n' caJculate 

< 

the frictional resistance 

force F1. 

GIVE FflDBACK 

Si nee there is motion along the 

plane, write the expression for the 

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 Fp . 

< 
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j:el the free body diagram. 

mg I " 9 

a mgsin9 
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Arrange the following steps for solving typical problems of acceleration against dry sliding friction 

into the correct sequence. 

1'+ Place these in the proper order. 

Draw a free body diagram with forces resolved into x and y components. 

Write the equation of equilibrium of forces in they direction and solve for the normal 

reaction. 

Calculate the dry sliding friction force. 

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

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

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 
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j:el the free body diagram. 
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j:el the free body diagram. 

1 • 

X ----

J • 

Y l 

Submit 

Do you know the answer? 

I KNOW IT lHINi\ SO UNSURE NO IDEA 



Problems involving acceleration against frictions on inclined planes-Example 2 

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 P of 18 N is applied at 2s• to the horizontal as 

shown. Calculate the acceleration of the block, and hence the distance moved in 6 s, 

starting from rest. 

1 6kg ~·="N 
77 7 7 777~7 
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Problems involving acceleration against frictions on inclined planes-Example 2 

Solution 

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

CIVE FEEDBACK 

Pp X = LScos 25° 
= 16.31 N 

Fp y = IS sin zs• 
= 7.61N 

217 
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Problems involving acceleration against frictions on inclined planes-Example 2 3/7 

The free body diagram for the block is shown below. 

Yi 
F .. =49.05 N 

Fpy = 1.6tN FP 

........................ ', 
x - -- 1------ --

FPJt = 16.31 N 
X 

F, 

Fn 

y 

CIVE FEEDBACK CONTINUE > 



Problems involving acceleration against frictions on inclined planes-Example 2 

The weight of the block is: 

F., = 5 · 9.81 

= 49.05N 

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

they-direction. The vertica l component of the applied force is included in this equilibrium 

equation: 

F, + Fpy =F., 

F n + 7.61 = 49.05 

therefore F, = 41.44 N 

Hence, the normal reaction F, is 41.44 N. 

4/7 
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Problems involving acceleration against frictions on inclined planes-Example 2 

Using the Jaw of friction: 

Ff = f!Fn 
= 0.32 . 41.44 

= 13.26N 

Hence, the f rictional resistance force F f is 13.26 N. 

CIVE FEEDBACK 

5/7 

CONTINUE > 



Problems involving acceleration against frictions on inclined planes-Example 2 

The net accelerating force F in the X -d irection is equal to the horizontal component of the 

unknown applied force F p x less frictional resistance F f : 

F =Fpx -Ff 

= 16.31 - 13.26 

= 3.05 N 

Substitute this into Newton's law formula: 

F = ma 

3.05 =S a 
therefore a = 0.61 m/s 2 

Hence, the acceleration along the plane is 0.61 m/s 2. 

617 

CIVE FEEDBACK CONTINUE > 



Problems involving acceleration against frictions on inclined planes-Example 2 

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

CIVE FEEDBACK 

at 2 
S = vot + --

2 

0.61 . 6 2 
= 0 + - --=--

2 

=llm 

717 



Problems involving acceleration against friction on inclined plane~Example 1 

Example 1 

A block of mass 26.3 kg is slid ing along a horizontal supporting surface with an 

acceleration of 1.7 m/s 2 when pulled by a horizontal applied force Fp. If t he coefficient of 

kinetic f riction between the block and the surface is 0.35, what is the magnitude of the 

applied force? 

1/5 

GIVE FEEOBACII CONTINUE > 



Problems involving acceleration against friction on inclined plane~Example 1 

Solution 

Draw the free body diagram as shown below. 

y' 
Fw = 258N 

X X ---- --- --- -+---- Fp---
__ _.__1 

r 
Fn 

r l 
In this case all forces are either parallel or perpendicular to the plane. Therefore, there is 

no need to resolve them into components. 

2/5 
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Problems involving acceleration against friction on inclined plane~Example 1 

The weight of the block is: 
Fw = 26.3 · 9.81 

=258N 

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

they-direction: 

Normal reaction: 
Fn = 258N 

3/5 

CIVE FEEDBACK CONTINUE > 



Problems involving acceleration against friction on inclined plane~Example 1 

Using the law of friction: 
Ff = f1 F 11 

= 0.35 . 258 

= 90.3 N 

Therefore frictional resistance force F f is 90.3 N. 

The net accelerating force F in the x-direction is equal to the unknown applied force F P 

less resistance FJ : 
F=Fp-FJ 

therefore F = F p - 90.3 

4/5 
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Problems involving acceleration against friction on inclined plane~Example 1 

Substitute this into Newton's second law formula: 

F =rna 
Fp - 90.3 = 26.3 · 1.7 

therefore F P = 135 N 

Hence the applied force F P is 135 N. 

CIVE FEEDBACK 

5/5 



Problems involving acceleration against frictions on inclined planes-Example 3 

Example 3 

A box of mass 110 kg is accelerating downwards along a plane inclined at 35 o 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. 

117 
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Problems involving acceleration against frictions on inclined planes-Example 3 

Solution 

The weight of the box is: 

F, =no . 9.81 

= 1.079N 

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

F w x = 1,079 sin 35° 

= 618.9 Nalongthe plane 

F IV y = 1,079 cos 35° 

= 883.9 Nperpendicular to the plane 

CIVE FEEDBACK 
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Problems involving acceleration against frictions on inclined planes-Example 3 

r\ 
' Fwy = 883.9 N 

The t ree body diagram for this block 

CIVE FEEDBACK 
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Problems involving acceleration against frictions on inclined planes-Example 3 

Note carefully the direction of frictional resistance force F 1 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 they-direction. Only that component of weight which is 

perpendicular to the plane is relevant to this equilibrium equation: 

J7 IJ = F' ,..., )' 

= 883.9N 

Thus, the normal reaction F" is 883.9 N. 

Using the law of friction: 

F1 = f!Fn 

= 0.43 · 883.9 N 

Therefore, frictional resistance force F 1 is 380.0 N. 

4/7 
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Problems involving acceleration against frictions on inclined planes-Example 3 

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 p , the force of frictional 

resistance FJ 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 = F .. X - Fp - FJ 

= 618.9- 185 - 380 

= 53.9N 

Therefore, the net accelerating force F is 53.9 N. 

5/7 
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Problems involving acceleration against frictions on inclined planes-Example 3 

Substitute this into Newton's law formula: 

F = ma 
53.9 = 110 a 

:. a = 0.49 m/s 2 

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

CIVE FEEDBACK 
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Problems involving acceleration against frictions on inclined planes-Example 3 

The time taken for the box to slide 3 ru along the plane is now found by substituting 

values into the following equation of linear motion: 

Hence, the time taken is 3.5 s. 

CIVE FEEDBACK 

af2 
S = vot + --

2 

3 = 0 + 0.49 t 2 

2 

:.t = 3.5s 

717 



Knowing the acceleration Is 2.53 mfs • calculate the distance 
that the box will move from rest down the slope In 3.5 
seconds. 

(Answer correct to two decimal places.) 
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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 rt take tor the box to move 4 m 
along the surface rf 1t starts from rest? 

(Answer correct to two decimal places.) 
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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 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 
friction coefficient of 0.39. 

If the box accelerates at 1.5 m/S/S, what Is the applied 
horizontal force? (Answer to one decimal place.) 
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Hint 



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 rntsts and the applied force acts 
at an angle of 30 degrees to the horizontal, what Is the 
applied foroe? 

(Answer correct to the nearest newton.) 
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• 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, what Is the acceleration? 

(Answer in metres per second squared correct to two decimal 
places) 
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INSTRUCTIONS 

No 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 1n detail when you click •submit". 
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calculate the acceleration of the box down the Inclined plene. 
(Answer to two decimal places.) 
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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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