Newtonian mechanics is a branch of
physics that studies the motion of an object.
The topics in this theme investigate the
concepts and factors that cause changes in
the motion of an object.
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FORCE AND
MOTION! "4

How is linear motion of an
object investigated?

What causes the changes in the
state of motion of an object?

Why are Newton’s Laws of Motion. |
important in the study nf mntlﬂn
of an object?
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2.1 Linear Motion

2.2 Linear Motion Graphs

2.3 FreeFall Motion

24 Inertia

2.5 Momentum
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Information  Page

Have you seen a personal transporter (PT) before? PT
is a smart personal transporter as shown in the photograph.
The device is used by security personnel to patrol in airports or
shopping malls. This device is also used by tourists to make tours
in tourist areas such as Perdana Botanical Gardens and Putrajaya.

This device is environmentally friendly because it runs on
batteries. Fully charged batteries allow a rider to travel as far as
28 km on level roads.

Do you know that this transporting device does not have
an accelerator or brakes? So, how does this device accelerate
or stop? The rider needs to lean forward for the PT to start
moving. If turning is required, the rider needs to turn his body
to the left or to the right. To stop the device, the rider needs to F
stand upright. *

=
Video on PT movement
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mLinear Motion

Photograph 2.1 shows various objects in
motion. How do you describe motion in
daily life? Motion in a straight line is called
linear motion.

Photagraph 2.1 Various types of moving objects

Linear motion can be described in terms of distance, displacement, speed, velocity and
acceleration. Figure 2.1 shows a taxi waiting for passengers in a parking lot. The position of the
taxi remains unchanged with time. Therefore, the taxi is said to be at rest.

Sir, can you drive
me to Sungkai? —— —
< |\ Py = i
L A
— in
= : @ & 800k
5N ; Lol :5T20m
Figure 2.1 Taxi af rest Figure 2.2 Journey from Bagan Datoh to Sungkai

Madam Chong wants to go to Sungkai from Bagan Datoh. Figure 2.2 shows the route
marked in blue to be taken by the taxi through a distance of 83.00 km. However, after reaching
Sungkai, the position of the taxi is 57.22 km due East from Bagan Datoh. In fact, 83.00 km and
57.22 km due East are the distance and the displacement respectively of the taxi movements.
Table 2.1 shows the comparison between distance and displacement.

Table 2.1 Comparisan between distance and displacement

Length of route covered by an object Shortest distance between the initial position
and the final position in a specific direction

Its magnitude depends on the route covered by Its magnitude is the straight-line distance

the object between the initial position and the
final position
A scalar quantity A vector quantity

5!



Chapter 2 gorce and Motion 1

While riding in a taxi, Madam Chong observed that at times, the reading on the
speedometer remains constant and at other times, the reading on the speedometer varies even
along straight roads. Her observation can be summarised as shown in Figure 2.3.

Constant —=  Uniform velocity

Speedometer reading
Varies  —» Non-uniform velocity —= Acceleration

Figure 2.3 Speedometer reading and motion of vehicle

Figure 2.4 illustrates the difference in motions between uniform and non-uniform velocity
of a car. Observe the displacement and the time intervals for both cars. Assume that the motion
to the right is positive and to the left is negative.

Assume the right direction as a positive direction

o
4,=0s L=1s =25 1=3s ' The car is moving at uniform
B @ @ @ T i
, = - - of change of displacement
2m . 2m . @m remains the same.
4 -
,=0s L=1s 1,=2s The car is moving at
non-uniform velocity
_B E because its rate of change of
- o > o > displacement is increasing.

Figure 2.4 Motions at uniform and non-uniform velocity

In Figure 2.4, the displacement of the blue car increases at equal time intervals. Therefore,
the blue car is moving at increasing velocity. In this case, the blue car accelerates in the same
direction as the motion of the car.

Conversely, if the displacement decreases at equal time intervals, the velocity decreases as
shown in Figure 2.5. The car accelerates but in the opposite direction to the motion of the car.

=08 L=1s n=2s [ Examples of motion at
_ﬁ ﬁ E non-uniform velocity
- - - Of=40]
: 30m : 20m ! b 2

Ex

Figure 2.5 Motion with decreasing velocity hitp://bi.sasbadi.com/pd027
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Determining Distance, Displacement, Speed, Velocity
and Acceleration VMM

: L . . MY PRIDE
The motion of an object is investigated by determining the values The Smart Tunnelin

of its distance travelled, displacement, speed, velocity and Kuala Lumpur has a dual
acceleration. The formulae to determine speed, velocity and function. It Rinctions as a

acceleration are as follows: storage space and passage
of flood flow as well as an
altenative route with a
o shorter distance.
_,*/ Speed = rate of change of distance travelled
{ _ distance travelled

time taken i,
v= d e hitp: /bt sasbadi comipd28

e

- Velocity = rate of change of displacement * Acceleration = rate of change of velocity

o

displacement _ final velocity - initial velocity
= Xime aken. /] time taken for change of velocity
¢ / -
pas o t =,

Observe the following examples to understand how to determine distance, displacement,
speed, velocity and acceleration in linear motion.

O NN

é

Figure 2.6 shows Radzi’s run from A to B and then back to C. The total time taken is 20 s.
: Determine the

: (a) distance 100m

(b) displacement
(c) speed

(d) velocity

of Radzi's motion.

Figure 2.6
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Chapter 2 gorce and Motion 1

Solution: E
(a) Distance = Length of route covered :
= AB + BC :
=100m+ 20 m
=120 m

(b) Displacement = Distance between initial position and final position in a specific direction
=AB + BC
= (100 m) + (=20 m)
= 80 m (to the right)

: Distance travelled -
: (e} Speed = Time taken :
: _120m :
: T 20s :
: =6ms’ :
" Jaeity — isplacement .
: (d). Veloclty Time taken
: _ 80m -
; 20s :
: =4 m s' (to the right) :
O "

:"w ........................................................................................ 1
E Muthu moves from O to B along the route OAB as shown in I'u'luthu’i- :
: Figure 2.7. The time taken is 15 s. 5m A :
E Determine the 4] o :
: (a) distance :
: (b) displacement :
¢ (c) speed 13m 12m
i {(d) velocity :
: of Muthu'’s motion. :
S Solution: . B i
E Figure 2.7 :
¢ (a) Distance = OA + AB :
: =5m+12m :
! =17m :
:(b) Displacement = Shortest straight line distance from O to B :
0B
: = /5% + 122 :
: = 13 m (in the direction of OB) :



i . _ Distance travelled :
: (e} Speed= Time taken :
: _17m :
: ~ 15s :
: =1.13 m s :
' b Displacement '
: {€) ‘\elocity Time taken :
: ~13m :
E 15 s .
: = 0.87 m 5~ (in the direction of OB) :
o e oo e »

rw ....................................................................................... ~
E After landing on the runway, a plane slows down so that : Ve ;
E its velocity reduces from 75 m s’ to 5 m s™' in 20 s. What Irf 0 FLEW E
: is the acceleration of the plane? Deceleration is a condition in :
¢ Initial velocity, u = 75 m s, final velocity, v=5m s, :
' time, t=20s :
. Acceleration, a = v—r e E
E _5-75 ;
: -2 :
: =-35ms* :
Raistisasnsasassstisasosianasnssssiiessstsssissitisateioissiiisssiesissssisnsssssisisiinsssstssiesensssassa ;

A ticker timer fitted with ticker tape as shown in Figure 2.8 is used to investigate linear
motion of objects in the laboratory.

Vibrating plate

A ticker timer works on alternating current of
Connected to an frequency 50 Hz to make 50 ticks in 1 second

altemating current | o 3 ticker tape.
power supply

. The time interval between two adjacent dots is
| called one tick.

| Therefore, 1 tick: % 5=0.0253

| Sticks: 5% 0025=0.10s

', 10 ticks: 10 x 0.02 s = 0.2 5

Pulled by maving object l"a.

Figure 2.8 Ticker timer with ticker tape

&
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Figure 2.9 shows part of a ticker tape that is pulled by
an object moving linearly.

5th tick 4th tick drdtick  2nd tick 1st tick
- - s v - ety
" [ ] [ ] - [ ] [
Direction of
e— (Qisplacement over a 5 ticks period ————— matien of
Time =5ticks=5x0.025=0.10s licker tape

Figure 2.9 Part of a ticker tape pulled by an object

A ticker tape records the displacement of a moving object as well as the time taken.
Subsequently, the velocity and acceleration can be calculated. Figures 2.10 and 2.11 show the
calculations of velocity and acceleration of the linear motion of an object.

Calculating acceleration

Direction of motion Direction of motion
—_—
e F & 5 # 4 & 31 « 2 & 1 » .?¢5-5-4|3|2i11
1 < - - |«
" 18.cm » 36cm 1.2cm
Figure 2.10 Figure 2.11

Displacement, s = 18 cm

T taken. = 6 tidks Initial velocity, u = velocity at the first tick

=6x0.02s . iulu%
=0.12 2
’ =60 cm s
Velocity, v = =
TR Final velocity, v = velocity at the seventh tick
= :ﬂ% _3b6em
125 =
) 0.02 s
=150 cm s = i
Time between the final and initial velocity,
We already know how to calculate f'—‘{?_- 1) ticks
velocity and acceleration of the linear = 6 ticks
molion of an object. =6 0025
=0.125

vV=u

Let us carry out an activity using a ticker Acceleration, @ = ——
timr_and ticker tape to determine the (180 - 60) cm 5!
velocity and acceleration of a trolley. . 012 s

=1 000 cm s

[;[532
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& Activity 28

Aim: To use a ticker tape to determine the displacement, velocity and acceleration
of a trolley
Apparatus: Ticker timer, trolley, runway, alternating current power supply, retort stand and
wooden block
Materials: Ticker tape and connecting wires

Instructions:
1. Set up the apparatus as shown in Figure 2.12. Raise one end of the runway slightly so
that the trolley can move slowly down the runway.

Ticker 1ape 1o timer

Altermating
current

Figure 2.12

. Attach a 100 cm ticker tape to the trolley, switch on the ticker timer and release the
trolley. Observe the ticker tape obtained.

. From the ticker tape, determine the displacement and calculate the average velocity of
the trolley.

. Raise the end of the runway further so that the trolley moves with a higher velocity
down the runway.
Repeat steps 2 and 3. Then, calculate the acceleration of the trolley.

. Rearrange the apparatus as shown in Figure 2.13.

= Retort stand
Allernating
Ticker tape CUrTen! power
supply

Figure 2.13

7. Push the trolley from the bottom of the runway and allow it to move up.
8. Stop the trolley when it starts to descend the runway.
9. From the ticker tape obtained, determine the deceleration of the trolley.

Discussion:
Discuss the patterns of motion obtained from the ticker tape.
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If a long ticker tape is used, a large number of dots can be recorded on the ticker tape. As
such, the ticker tape can be divided into strips with an equal number of ticks. These strips are
cut and attached side by side on a piece of graph paper to form a ticker tape chart as shown in

Figure 2.14.

Length / cm Length / cm Length / cm
A A A
» Time [ 5 : » Time /s 1 . 3 Time [ 5
Unifgrm velocity Uniform acceleration Velocity decreases uniformly

Figure 2.14 Ticker tape chart

Other than ticker timer, photogate system and electronic timer can be used to study
linear motion more accurately. Figure 2.15 shows a photogate system and an electronic timer
used with a non-motorised trolley moving on an inclined aluminium runway.

Photogate

First phologate

Second phologate

Weight

Shutter plate

Figure 2.15 Photagate system and electronic timer

5!
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ﬁctivitg 2.2

Aim: To use a photogate system and an electronic timer to determine the velocity and
acceleration of a moving trolley
Apparatus: Photogate system and electronic timer, trolley and runway

Instructions:

Set up the apparatus h in the m | of the
QER gnpde,e 2L anud Manual on the use of photogate

system and electronic timer
. Raise one end of the runway to a height of 15 em. y

. Adjust the distance of separation between the two E @
photogates, s = 40.0 cm.

Turn the electronic timer switch to the symbol _ﬂ_r ; :
Release the trolley from the high end of the runway and | Mip:/bt.sasbadi.com/p4034
catch the trolley after it passes the second photogate. i

Record the total time, rin Table 2.2
Remove the first photogate.
. Turn the electronic timer switch to the symbol _4Y . Release the trolley again from its
original point.
. Record the time interval, At in Table 2.2.
Repeat steps 3 to 8 for s = 50.0 cm, 60.0 cm, 70.0 cm and 80.0 cm.

r

Results:
Table 2.2

(_ka“u of separation between two photogates, s fcm | 40.0 | 50.0 | 60.0 | 70.0

Total time, t /s
Time interval, Af /s

vt =
Final velocity, v 7 fems

Acceleration, a = % fem s?

Discussion:
1. Based on the results in the table, determine the average acceleration of the trolley.

2. When s increased from 40.0 em to 80.0 cm, the total time, ¢ increased but the time
interval At decreased. Why?

The use of a photogate system and electronic timer is more accurate because no ticker tape
is attached to the trolley. As such, there will be no friction between the ticker tape and ticker
timer affecting the motion of the trolley. An electronic timer can measure the time interval to
an accuracy of 0.001 second compared to 0.02 second for a ticker timer. This short time interval
enables us to determine velocity and acceleration of the trolley more accurately.
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Solving Problems of Linear Motion Using Linear Motion Equations
Figure 2.16 shows a car moving with uniform acceleration.
Initial velocity, u/m s~ Final velocity, v /mg™

sfﬁemen_r' W

1
L]
1
1
1
i
i
i
i

Figure 2,16 Car moving with uniform acceleration

Five physical quantities of linear motion with uniform acceleration can be expressed as
four linear motion equations.

First linear motion equation Second linear motion equation
_ Final velocity - initial velocity ~ Pisplacement = Average velocity x time
Acceleration = o e taken for change of veloci Initial velocity + final veloci
:Ti taken for change of velocity Displ ent=( nitial v tyz nal ve ::m::ltg.r}I fime
A=y [ —C)
v=u+at (1)
Third linear motion equation Fourth linear motion equation
Substitute equation (1) into equation (2) Square equation (1)
s= l[;.r + (u+ at)t vi=(u+ at)’ - 3
2 v =gt 4 Juat + @it | From equation (3)

1
= —{(2u + al)t
2 2{” at) I‘=H=+2a{uf+%ﬂﬁ] -ﬁf—:;ls=m+%m’

s=u!+%at‘—|[3} V=il +2as____ (4 ~______}

w..-....-1--..--r................-...........".......-----1-".-...-.-n....-.....-......-..:

A school bus moves from rest with an acceleration of 2 m s for 5 s. Calculate its velocity
after 5 5.

Step @

List the given information in symbols.

Initial velocity, u =0 m s
Time, t=5s
Acceleration, a =2 m s™
Final velocity, v =7

SRS EEEEESEESEEEEEESSESEEEESESEEEEE
O O

Step @
4 f v=1u+at
Identify and write down the formula used.
Step @ v =0+ ()5
Substitute numerical values in the formula and =10 m &
perform the calculations.
L35 ]y
=
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As a sports car moves along

. straight track, its velocity Initial velocity, u =40 m s~ §= iI{M + vt
is 40 m s~'. After 3 seconds, Final velocity, v=50m s~ 2

the sports car has reached Time, t=35 = % (40 + 50)(3)

50 m s~', Calculate
its displacement.

(

Displacement,s=* =135m

SEEEEEssEssssssEssEEEEEs
hrsssssssE s

Wu O

An athlete starts his run Solution:
from rest and achieves a

=1.25m s

: o . - S e

: maximum velocity after Err%mal velc;c{l}ty, u=0ms! s=ut+ 5 at

: accelerating uniformly for Ime, I =303 = 1 2
: 8.0 s. If the displacement Displacement, s = 40 m 40 (0)(8):+ —f{a}{B )
of the athlete is 40 m, Acceleration, a = ? 40 = 0 4+ 84a

¢ determine his acceleration. 2

- o= 2%40

: 64

L

NN

\wll LLE LA LDl AL L L L L L L L LD L L LRl L)

Maria rides a bicycle ata

velocity of 8 m s™!. She

S s 5 e -1 v |

brakes suddenly and stops ]r}lmlll vflﬂ'.:ltr}" “__ 8m -5! P: - ”3 + 2as

after a distance of 2 m. Fllual velocity, v - Oms 0° = 8% + 2(a)(2)

What is the acceleration of | PSP ECEI]IIEI\L s=2m —4a =064 A
Acceleration, a=7? a=-l6ms*

Maria and her bicycle?
Negative value shows that Maria accelerates at 16 m s~ in the
opposite direction to the motion of the bicycle.

NN

"
.
"
"
"
"
M
"
M
"
"
"
"
.
"
"
"
M
"
"
"
"
M
"
M
"
M
"

Formative Practice | Ukl : - :
1. Explain the difference between ;
(a) distance and displacement (b) speed and velocity

2. A car moving along a straight road at a velocity of 30 m s™' reduces its velocity at a ;
constant rate until it stops after 5 s. What is the acceleration of the car? @ i

b

;3

.~ 3. Aina rides a smart personal transporter at the Perdana Botanical Gardens, The transporter

F accelerates uniformly from a velocity of 1 m s7' to a velocity of 5 m s7' in 0.5 minutes.
§ Calculate the displacement of the transporter. % %
. a = fxr - _1_'"' .
, ; at A i AR % T 4
== - . . 1 < 2 o = - » RIS
o WKPM ool “ R ’ : g i bW
Pt i - ¥ - g . & -1 ' i \.l.F i ] I{-._\' -u
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ﬂLinear Motion Graphs

Interpretation of graphs is important to understand the type of linear motion of an object.
Figure 2.17 shows the interpretation of the types of linear motion from graphs.

Displacement, s/ m Velocity, v/m s Acceleration, o/ m s
A A
» = 0 ;
Time, ¢ /' Time. i /s Time, tfs
{a) Object at rest {a) Object moving with {a) Object moving with zero
uniform velocity acceleration
Displacement, s / m Velocity, v /m s~ Acceleration, a f m s
A
> 1] >
Time, 115 Time, + [ 5 Time, ¢/ &
(b} Object moving with (b} Object moving with {b) Object moving with
uniform velocity uniform acceleration uniform acceleration
Displacement, s / m Velocity, v/ m s Acceleration, a / m s
1] -
Time, 1 /s Time, 1 /'s Time, (/s
{c) Object moving with (c) Object moving with {c) Object moving with
acceleration Y uniformly decreasing velocil_},‘*J increasing acceleration

For displacement-time graph: For velocity-time graph:
Gradient of the graph = velocity | Gradient of the graph = acceleration
- Area under the graph = displacement

Figure 2,17 Interpretation of types of linear motion from graphs

37
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Analysis of Displacement-Time Graph to Determine Distance, Displacement and Velocity

Figure 2.18 shows the initial point and the final point of a motorcycle ridden to the right
(positive direction) and then to the left (negative direction). The displacement-time graph in
Figure 2.19 shows the linear motion of the matorcycle.

| =125ms P i =-25ms"

Negative - 50m el 100 m » Positive
direction e [ )
& & i
R R e sasmssmsnamas -
Final point Initial point
Figure 2,18 Maotion of a motorcycle being ridden
" Section AB: " Section BC: | Section CD:
Motorcycle is ridden for a distance of 100 m to Motorcycle stops for Motorcycle is ridden back to initial
Iieﬁgmﬁxﬁsamnd?m ) 3 seconds. paint A in 4 seconds.
Gradient of graph = —z—5— Gradient of graph =0m s Gradient of graph = 2100
=20ms" Therefore, velocty of =
Therefore, velocity of s20ms’ leisOms", 5
mmgﬂghtm matorcyche ms molarcyc ms | ! it of is
' " s | 25ms to the left.
Displacement, s / m J
A
1004 E—= Section DE:
; Motorcycle is stationary at initial point
for 2 seconds.
Gradient of graph =0 m 5!
Therefore, velocity of motorcycle is
Oms™.
J
+ + »
0 20 25 Time,:/s | Section EF:
Motoreycle is ridden to the left for a
distance of 50 m for 6 seconds.
Gl b Gradient of graph = 55—y
Distance travelled = 100 + 100 + 50 =-9dims!
*‘hé"ama'*’ﬂfﬂ:;;md =250m Therefore, velocity of motorcycle is
and average ve . 83ms’ lefi.
etamtied Somita Disloonent = 100+ (-100)+ -0 i )
3 : =-50m
displacement-time graph?
Figure 2.19 Analysis of displacement-time graph
| Distance travelled is 250 m Overall displacement is -50 m in :
¢ inatotal time of 20 5. | atotal time of 20 5. Therefore, |
. ‘Therefore, its average speed is | | average velocity is
[ =230 (e
20 i i 20
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Analysis of Velocity-Time Graph to Determine Distance, Displacement, Velocity
and Acceleration

Figure 2.20 shows the linear motion of a bicycle. Figure 2.21 shows the velocity-time graph
showing the motion of the bicycle.

MNegative Positive
dl o - - T - ....}..... smmmew ansmse e ’,_ LT ..1.I dﬂ'enljl_',ln
_‘. -
Initial point Final point
Figure 2.20 Lincar motion of a bicycle
Time interval: 0 - 50 seconds .| Timeinterval: 50 - 70 seconds | Time interval: 70 - 100 seconds
Gradient of the graph =0m s+ : _15-10 _0=15
Therefore, the bicycle is moving to the Gradient of the graph= 70-50 Gradient of the graph = 100-70
right with a uniform velocity of 10 m s, =025ms? =05ms?
| Therefore, the bicycle Is moving Acceleration of bicycle = 0.5 m s
Velocity, v/ m s~ to the right with a uniform The velocity of the bicycle gradually
A acceleration of 0.25m s*. | decreases. The bicycle accelerates
at -0.5 m s {in the opposite
direction to the motion of the bicycle}.J

Time interval: 100 - 120 seconds
Gradient of the graph = 0 m 5+
Its velocity is O m s, Therefore, the

bicycle has stopped and is at rest for
> 20 seconds.

r

Time interval: 120 - 150 seconds
-9-0

Gradlenlnlmagrapmw
Area, L, =500m, L, =250 m, L,=225m, L, =135 m SN
Total overall distance =L, + L, + L+ L, Acceleration of bicycle = -0.3 m 57
=500 + 250 + 225+ 135 The velocily of the bicycle gradually
=1110m Increases. The bicycle accelerates at
Displacement o theright =L + L, + L, ~{0.3 m 57 (in the same direction as
= 500 + 250 + 225 the motion of the bicycle). :
=976 m ”
Displacement to the left = L,
=13m

Total displacement = L+ L, + L, + L,
=500 + 250 + 225 + (~135)
=840 m to the right

Figure 2.21 Linear motion of a bicycle

Average speed and average velocity can be determined from the rate of change of the total
distance and also from the rate of change of the total displacement. Try to determine the average
speed and average velocity for the velocity-time graph above.

oo}



S, Activity

Aim: To use Tracker software to map the motion of a table tennis ball in the form of graphs
Apparatus: Retort stand, wooden block and metre rule

Materials: Table tennis ball and cellophane tape

Instructions:

1. Work in groups.

2. Scan the QR code to download Tracker software.,

3. Set up the apparatus as shown in Figure 2.22 using two . "
metre rules arranged in the shape of a "V" to form an Download Tracker software

inclined runway.

- fipedibe sasbadi. conypd 40a )

f

Instruction video on using
Tracker software

.
-

Table tennis ball
— | fipebtsasbadi.com/pd40h |
Figure 2.22

Record a video of the motion of the table tennis ball along a straight line,

Use Tracker software to analyse the motion of the table tennis ball in the video using
displacement-time, velocity-time and acceleration-time graphs.
Figure 2.23 shows examples of graphs that you can obtain using the software.
Graph of horizontal displacement Graph of vertical displacement Graph of speed against time
against time against time

-
k= H-q:ﬂ mEs A v :IA.-I__“

.
am
-
e
a

mans A it y)

s
* et
-
-
A
-
i,

S e
boNm AE e am e TR e e ee e

] o — —— J
n:r:n [ TS ] oA BF o) 04 O e [
o i i [ ——— |
) i s | R

Figure 2,23 Examples of graphs obtained

7. Discuss and interpret the motion of the table tennis ball based on the graphs obtained.
8. Analyse the motion of the table tennis ball from the graphs.
9. Present your interpretation and analysis of the graphs.




Interpreting and Sketching Graphs

Interpreting displacement-time graphs can help to sketch velocity-time graphs and vice versa.
Velocity-time graphs can also be interpreted into acceleration-time graphs and vice versa.
The skill in interpreting and sketching graphs is important to solve linear motion problems.
Study the examples given.

F’EEI1. Ilth-i.hilIIIII'lIiihIIItl-lthiilhIIIIitI.lIiiIhIi-l-l.liiIiiii'l.lIlIthItiIiiIIiIthI.ﬁ

Cg

Figure 2.24 shows the displacement-time graph of an object in linear motion.
Displacement, 5 / m
A

1} 2 i ST A (R B i e

|

h

L RENE T
———

-
L

— 3% Time /5
2 4 6 8 10 12 14 1€ 18 20

Figure 2.24
(a) Determine the velocity of the object at each stage of its motion.

(b) Interpret the displacement-time graph in Figure 2.24 to sketch a velocity-time graph.

Solution:

LA LR AL LR LR LR LR LR R R R R R
ISR RN EE R R R R R R R R RN R R R R R R R R R R R R R R R R R R PR R R R R R R R R R R R R R R R R R R R R R RN R

(a) Velocity = Gradient of (b) Velocity-time graph
displacement-time graph ‘u'i[ocityr. vims™!
Table 2.3 1.0 -
y 2 6-0
Ostobs b6e-0 |
=1lms! :
05+ i B )
T ! ! !
6Gstol2s 12-6 1 | !
=0ms!' i : |
| ! i
v=m_ﬁ gl > Time, 1 /s
12st020s '20-12 2 4 6 8 10121416 18 20
=05ms! Figure 2.25
B e -
2.24 1
—



- - Velocity, v/ m 5! -
: Figure 2.26 shows the velocity-time graph A :
: that is plotted based on the linear motion ofa 30 :
: car driven by Encik Kassim. He drives his car :
: at a speed of 30 m s and applies the brakes 201 :
: when he sees an obstruction on the road. :
: Interpret the velocity-time graph of the 107 :
: motion of his car and sketch i :
: displ t-ti h ————t——+—+—+—3 Time, ¢ /5 =
f G EEERERREEE: :
: Brap Figure 2.26 :
- a - i
£ Velociy, v/ i & Time Displacement Acceleration :
- 0s5-6s | Displacement Acceleration :
30 =area A = gradient of :
: i =30x6 the graph :
Lk -, =180 m =0ms? :
= |_'.lf.ﬁ—.-;.;, 65— 10 s | Displacement Acceleration .
: 10 Al i T = area B _0-30 :
: il o =%x30x4 10-6 :
Py Time, 1 /s - 60 =-75ms" :
s 12346678910 \ = ok
Figure 2.27 :
. Displacement after 10 s, E
o= 180 + 60 To determine displacement, the area under the graph needsto~ :

P o=240m

: (a) Displacement-time graph

Displacement, s / m

be calculated. To simplify the calculation of area, the graph
can be divided into several areas as shown in Figure 2.27,

J:

123456783$9

-
LT T T T ]

42
KI'M

Figure 2.28

10

(b) Acceleration-time graph
Acceleration, a | m s :
A :
1t :
0 S A - - L LU N T
L T23456789H10 :
21 :
-3t :
4t :
5|
5 5
-7+ :
75 |- :
st :
ot :
104 :
- Time, 1/s :
Figure 2.29 g
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Chapter 2 gorce and Motion 1

Solving Problems Involving Linear Motion Graphs

r\w ....................................................................................... “
: Velocity, v/im s .
: The velocity-time graph in Figure 2.30 shows hr :
: the motion of Hasri. Determine his :
' {a) acceleration 5 ;
: (b) displacement 4 :
: (c) average velocity 3 :
; 2 :
D 1 | s
' ) ————t—t—t—t——+— Time, { | 5 ;
: (a) Acceleration = gradient of the graph 12345678810 :
: Figure 2.30 :
From0s-3s: {b) Displacement, s = area under the graph E
: Acceleration a, = g -0 = area of trapezium :
: -0 | :
: =2 m st = ?:3 + 10)(6) f
: From 3 s - 6 s: =39m :
: Acceleration ¢, =0 m s ; :
: 2 () Average velogity, v= Total displacement :
: From 6s - 10 s: Time taken :
: : 0-6 39 :
: Acceleration a, = 4 :
: 2 P 10-6 10 :
: =-15ms? =39ms’ ¢
T 4

' Figure 2.31 shows the velocity-time graph of the linear motion of a car. Interpret the
: velocity-time graph and sketch a graph of:

: (a) displacement against time

_ (b) acceleration against time

T T T T T ———

: Velocily, v/m s
- A
207
181 :
: 1T T A E
141 '
g 124 :
: 104 '
: 81 g
: 61 :
; 1 ;
: 2t :
= SRR IS SRS S R Time, £ /s E
5 10 15 20 25 30 35 40 45 50 .
Figure 2.31
L
43
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Vielocity, v /m 5™

[ B =i B S e

Time

O0s-103%

10s-30s

5 1

520 .
ﬁm.

4001
360
300
Em._

1001

Figure 2.32

Displacement, » / m
A

(a) Displacement-time graph

0 15 20 25 30 35 40 45 50

Time,

Displacement after 30 s = 100 + 260
=360 m
Displacement after 50 s = 100 + 260 + 160
=520 m

= Time, 115

Figure 2.33

s -50s

=area B

Table 2.5

Displacement

Displacement

Displacement

= %{IEH 16)(20)

=260 m

=area C

Displacement

1
=—>:20><1l5
2

= 160 m

Acceleration

Acceleration
= gradient of
the graph

=0ms™

Acceleration
_16-10
T 30-10
=03ms?

Acceleration
_0-16
T 50-30
=-08ms™

(b) Acceleration-time graph

Acceleration, e/ m s

A
0371

02t
01t

0
011
021
03¢t
04t
05¢
061
07t
08+
09t

-
B R N
=]

B
______.___..______..___.___E...._________
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Figure 2.34

= Time, (/s
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AL 1. How do you determine
A (a) velocity from a graph of displacement against time? .
' ¢ (b) acceleration from a graph of velocity against time?
o e {c) displacement from a graph of velocity against time? .
& .+ 2. Based on Figure 2.35, describe the motion of the object from O to D.
4 T Velocity, v/ims v
~ 1 ."'I-" ;
.I _.1-; ol | et .-t.
..:\'- _‘! "
1 w 5
o ST
% . . L4y
S :
i 4 ; > Time, (/s
GO o7 I _. ]
F R Figure 2.35 A v
; 2 , 3. Figure 2.36 shows Rokiah taking 3 minutes to walk House Sundryshop '
s Sl o to the sundry shop located 400 m to the right of m e .
Al her house. After 1 minute, she buys an ice cream 400 m o .
TNt R and walks to the playground located 300 m from T Jood /4
o, S the sundry shop in 2 minutes. She sits and rests on B
S 1 a bench near the playground for 2 minutes. Then, %,,% 00m
ot ) using a shortcut to return to her house, Rokiah
gl e . f *a -t
{ Tl i reaches her house in 2 minutes. &8
e J A= (a) What is the average velocity of the motion of — _
el Rokiah from Bench L
7 e i {1} house to the sundry shop? Figure 2.36 Asgges
i Tk (ii) sundry shop to the playground? b oty
g 1 Gl = 3 A J
S (iii) playground to the house? e, -
o o P (b) Calculate Rokiah's average speed. #% h
£ g 4. A car is driven from rest and accelerated at 4 m s for 8 s along a straight road. The car = |
s 0 is driven at the constant velocity for 20 s and then its brakes are applied. The car reduces
S its velocity at the rate of 2 m s till it stops. Sketch a graph of: & '
SR LS (a) acceleration against time
T (b) velocity against time R
I et {c) displacement against time ik
iy i - '3
u_ oy ln‘l ."{ 3 o £ 7T
T T s LA N e A SEAS . AR {!45 |!
._I._" W Y . AFr 1..-“ -3 7 M= : e ; S g B, et s AT S = ST
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