Force and Linear motion

Competency

Applies the relations connected with force and linear motion to fulfil life necessities.
Competency leve Subject Content

1.1 Uses graphs related to e Distance (4) and displacement. (s)

motion to describe the
movement of an object.

Investigates how an object
moved, using speed - time
and velocity - time graphs.

Forecasts the mode of
linear motion of objects.

Investigates the applications
of force in day-to-day

life using Newton laws of
motion.

Conducts experiments to
find the magnitude of
force.

Uses various methods of
occuring interaction
between objects.

Manupulate life activities
using friction appropriately.

Investigates equilibrium
of various objects under the
action of coplanar forces.

Conducts experiments to
change the rotating effect
of forces.

e Distance - time graphs (4-2)

e Displacement - time graph (5-#)

e Information obtained from (4-) and (s-2) graphs.

e Speed and velocity ()

e Acceleration and deceleration ()

e Speed (» - ) time graphs
e Velocity - time graphs (v - 2)

e Information that could be obtained from (» - 2 graphs.

e Equations of motion o
o v=u+tat o
o s=ut+1/2af °

e Newton laws of motion
o First law.
e Concept of force.

e Concept of momentum
e Newton laws of motion.
e Second law

02:%1-2@‘
s=150)

Usage of above equations.

o I = ma equation.

e Sl unit of force (N) e Value of force.

e Newton laws of motion.
e Thirdlaw °

Friction.
Frictional force.
Limiting frictional force.

e Equilibrium of coplanar forces
e Equilibrium of two forces
e Equilibrium of three forces

Action

e Reaction.

e Forces meeting at asingle point. e Parallel forces.

e Moment of force
e Factors affecting the moment of aforce.

e Units of moment of force- (N m)
e Couple of forces.
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@ Physics

1.1 ) Motion of objects

M Distanceand displacement

Fig: 1.1 # The position of objects change when they move.

When an object isin motion, its position changeswith time. The amount of movement,
irrespective of the path or the direction could be denoted by the distance.

Fig. 1.2 showsaroutethat achildtravelled.

North
320m
/V ‘\
—a N ’\
Vs —
A 240 m B
Fig:1.2

The child travelled along the route shown by arrows. The distance along the route from
A to B is 320 m. Let us assume that the time taken for this movement was 80 seconds.

Initiadly thechildwasat A. After 80 seconds, hemovedto B.

The shortest distancefrom A to B isconsidered asthe displacement. Thusthe displace-
ment after 80 sis240 m.

Inthisregard, itisessentiad to givethedirection. Now thechildis240 mto the East from the
initid pogition.

Observe the Fig 1.2 and try to understand the difference between distance and
displacement.

Fig 1.3 showstwo routesthat astudent may travel. The distance of onerouteis360mand
the other routeis400m. However, the displacement of the student isalways 240m.

For freedistribution



unit 1 ® Force and Linear motion

But displacement is
Distance changes| the same 400 m

according to the
path

~. FEast
Displacement - 240 m
Fig: 13 Various distances for the same displacement

A motor vehicletravelsfrom X toY dong thecurved
routeshowninFig1.4. Thedisgancefrom X toY aong
the route is 600 m. After 50 seconds, the vehicle
reaches to the position Y. The distance that the
vehicletravelled is600 m.

What isthe displacement of the vehicle?What isthe
position of thevehiclerelativeto position X, after 50
seconds ? To expressthis, the linear distance and
thedirectionfrom X to'Y isnecessary.

Linear distancefrom X to'Y is200m. Directionis

Fig: 1.4 # Displacement 40° from East to South.
is avector quantity

The position of the vehicle after 50 seconds 200 m . 40°from East to South
(the displacement in 50 9) = = N
Magnitude Direction

Given below are various positions of a child moving along a straight path.

0 3m 6m 9m 12m
° o o o o
Initial Position after 1s after 2s after 3s after 4s
displacement displacement displacement displacement displacement
=0 =3m =6m =9m =12m

Fig: 15 Various positions of a moving child.
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e Initidly thechildisat postion O. (displacement = 0)

e Afterls thechildis3 mdirectly away fromtheinitia postion (disolacement = 3 m)
o After2s thechildis6 mdirectly avay from theinitid postion (displacement = 6 m)
e After 3s thechildis9m directly avay from theinitid position (displacement =9 m)

o After4s thechildis12 mdirectly away fromtheinitia position (displacement = 12 m)
o |If thedisplacement is 12 m even after 5 s, what do you mean by that? It saysthat the

child is still 12 m away from the initid position. He has not moved during the 5"
second.

o If thedisplacementis12 meven after 6 s, thechildisstill a thesameposition. Hehas
neither moved forward nor the backward. No motion takes place during time of
congtant displacement.

e If thechildturned and cameback 6 maong that same straight path during 7" second,
what isthe position of the child after 7 s?Now thechildis6 m away fromtheinitia

position.
Thatis, time(t)=7s, displacement (s)=6m

e Ifthechildreturned 6 m during the next second the displacement iszero now. Thechildis
at theinitial position now.

Thatis, when t= 8s, diplacement () =0

Tablefor abovedataisgiven bel ow.
Ti me(t) 0 1 2 3 4 5 6 7 8
in seconds ()

Displacement (s)

. 0 3 6 9 12 12 12 6 0
in meters (m)

e |f the child moves another 6 m to the same direction during 9" second,;

time t=9s

displacement s=-6m

Displacement takesanegative (—) vaue, if the motion takes placeto the opposite of the
initid direction.

Now |et usconsider the motion of an object along astraight path from A to B asshownin
Fig. 1.6. It moves 100 mfrom A to B and returns 60 m back.

e Whatisthedistancetravelled ?
e What is the displacement?
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unit 1 ® Force and Linear motion
A 60 m 5
—e ® @

100 m

Fig: 1.6 Distance and displacement

Distance Travelled =100+ 60 =160 m
Thisgivesthetotal distancetravelled to any direction (backward or forward)

Only the amount of distance moved is considerd here. Direction is not considered.
Thusdistancehasonly amagnitude. with only amagnitudeareknown asscalar Quantities.

e Distanceisascalar quantity.

Displacement = (100) + (- 60)
=40m

Thisgivesthe present position of the object. Itis40 m away fromthe of initial position.
Magnitude and direction arerequied to ilustrate di splacement. Quantitieswith amagnitude
and adirection areknown asvector quantities.

e Displacement isavector quantity.

Sl unit for both distance and displacement is metre (m).

Dataregarding of motion of achild dongalinear pathisgiveninthetablebelow.

Time 0 1 2 3 4
(s

Displacement

0 4 0 4 0
(m)

Let ustry to understand the motion represent in the

forward N abovetable, consider that thetimeis0, when starting to
measuretime. At that sametime displacement isalso
0.
0 4m . _
I After 1s, the position of thechildis4 m away fromthe
(During 1* second) initial position.
backward Displacement bel ng 0 afterlz sshowsthat the child has
returned to the initial position after 2 seconds. Can
you imagine about thedirection which thechild trav-
0 4m elled ? Thedirection of motion isbackward or oppo-
( During 2™ second) sitedirection.
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After 3 second the child hasmoved again 4m away

| FemETL . fromtheinitial position totheformer direction.
Being thedisplacement O, after 4th second, it shows
0 Am that the child moved 4 m backward again, and he

isin theinitial position again.
Let us consider the total distance that the child

(During 3" second)

Ebackwar d travelled.
1. 4 mforward
0 am 2. 4 m backward .
(During 4" second) 3. 4 m forward 4+4+4+4=16m

4. 4 m backward

Direction is not considered for the total distance travelled. It is clear that the distance
isascalar quantity.

e Being the displacement is zero after 4 s, It is understood that the child is in the
initial position at that time.

Speed and Velocity

Speedistherateof changeof distance. That istheamount of distancetravelled during aunit
period of timeto any direction.

Distance

Speed = e

Velocity is the rate of change of displacement. That is the change of displacement
taken placeduring aunit period of time.

Change of displacement

Velocity = Tme

The Sl unit of both speed and velocity is metres per second (m s?)

Thedistance- timetablefor the motion of the above mentioned child istabu lated bel ow.

Time

0 1 2 3 4
Seconds (s)
Distance (c) 0 4 8 12 16
Meters (m)

It is clear that the distance travelled was 4 m during each second. It does not say
anything about the direction. Distance time graph for thisdatais givenin Fig :1.7
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unit 1 ® Force and Linear motion

Distance (m) Distance - timegraph
e A graph that describes the variation of
16 A distance with timeisadistance-time graph.
g Thesegraphs are drawn by taking distance
12 _ . on y- axisandtimeon X - axis.
8 15 i
4 15 N The gradient of the graph is the speed.
15 § Time - - 4ms!
o 1 2 3 4 70O <
Fig: 1.7 4" Variation of distance with time s

Displacement - timegraph
e These graphsare drawn by denoting displacement on'y - axisand time on X - axis.

) ) Displacement (m)
Let us draw the displacement - time N

graph for the above mentioned motion. 4

mme® o v s s LN\
e ARVVAR
(m) O 4 0 4 0 V \

0 1 2 3 4 Time (s)
Fig: 1.8 4+ Variation of displacement with time

L et uscongder thefollowing table. It gives dataon the motion of achild dong alineer path.

time, (9) 0 1 2 3 4 5 6 7 8
Displacement, (s) 0 3 6 9 12 12 12 6 0

e Whentime t=1s childis3maway fromtheinitia point. Thet is, the digplacementis3m

e Whent=2s, displacementis6 m. That isbecausethe movement during the 2®secondis
another 3mtothesamedirection.

e Whent = 3s, displacement is 9 m because of the motion during the 3“ second is3 m
more to the same direction.

e When t=4s displacement 12 m because of the child moved additional 3 m to the
same direction during 4" second.

e When t=5sdiplacement is12 m. This shows that no motion has taken place during
5" sacond.

e Whent=6s, again thediplacement is 12 m. No displacement has taken place during
6" second dso.

e Whent=7s, displacement is6 m. Thisindicates that the child has moved 6 m back
andthechildis6 maway fromtheinitia postiontotheorigind direction of maotion.
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e Whent=8s digplacementiszero (0). Itindicatesthat the child hasmoved back another 6

mandisintheorgind postion.

Changes of displacement during first 4 seconds = (+12m) -(0)
Time taken for that = 4s
The rate of change of displacement } — Change of displacement
during first 4 seconds Time taken
= (+12m)-(0)
4s
[The velocity = 3ms?

During the first 4 seconds, it was a uniform velocity of 3 metres per second.
e Therewas no change of displacement fromt=4sto t=6s. The child has not

moved, hence the velocity is zero.
Change of displacementfrom6" Second =(0-12) m
to 8" second.
Timetaken

Therateof change of displ acement} =

S

2
0-12)m - _gmst

during that time. ? Z 1
Theveocity Direction 7 "@magnitude

(to thereverse/ opposite of velocity

direction)

Let us draw the displacement - time graph for the above mation.
Displacement - time graph is drawn by taking displacement on y - axis and time on
X - axis.Thevariation of digplacement according to the time could bestudied by such agraph.

Displacement (m)

y

12

1 2 8 4 5 6 7
Fig: 1.9 © Displacement - time graph
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unit 1 ® Force and Linear motion

Changeof postioninfirst4s = (12-0) m
Thisisthedifference betweentherelative co-ordinatesof y - axis.
Thetimetaken =4s

Thisisthedifference between therelative co-ordinatesof x- axis.

Velocity = (12-0)m= gifference of y - co-ordinates
(4-0)s difference of x - co-ordinates

Thegradient of thegraph =velocity = 3ms?
Thereforevelocity during thefirst 4 seconds = 3ms?
Child did not move betweenthetime, t=4stot = 6s.
Change of position betweenthe
timg, t=6sandt=8s =(0-12m
Timetaken = 2s
[THerate of change position (velocity) = gradient of the graph during 6s-8s
time period
= (0-12)m
2s
= -6mst

= 6ms!(to the opposite direction)

Solved Example
Displacement - time data of an object which moved aong a straight path towards south
isgiven in the table below.

Time t(9) 0 1 2 3 4 5 6 7 8 9 10
Displacement s(m) 0 4 8 12 16 16 16 16 16 8 0

i  Draw the displacement - time graph for this motion.
ii ~ Discribe the motion during first 4 seconds.
iii  Duringwhichtimeinterva wasthe object at rest without motion?How did you know it?

iv Find the velocity of the object duringt=8stot=10s
Displacement (m)

j) /N
16
12
8
4
time
0 >
1 2 3 4 5 6 7 8 9 10 ()

Fig. 1.10 # Displacement - time graph
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ii) The object moved in uniform velocity during first 4 seconds.
That uniform velocity = Change of displacement
Time taken
(16-0) m
(4-0)s
= 4mst

iii) The object did not move during time,t=4sto t=8s. That is because there
was no change of displacement during that time. The object was at same
place duringt =4 sto t = 8 s. There should be an increase or a discrease of

displacement for amotion to taken place.

iv) Thevelocity of the object _ Change of displacement
duringt =8sto t=10s - Time taken
_ (0-16) m
(108)s
= -8mst

Here, a negative result is obtained because of the direction of the velocity isto the
opposite side, duringt =8 s to t =10 s. The magnitude of velocity is8 m s?

1. 2 I» Motion of objects with varying velocity

Now |et usconsider the motion with varying velocities. Consider the datagiven below.

Time t (s) O 1 2 3 4 5 6 7 8 9 10 1
Velocity ms') o0 2 4 6 8 10 12 12 12 12 8 4

During the first 6 seconds, velocity isincreased by 2 m sat each second.
Change of velocity during

first 6 seconds } = (12-0)mst
Time taken = 6s
The rate of change of velocity _ Change of velocity
B Time taken
. (12-0)ms?
~ (6-0)s
= 2ms?
Therate of change of velocity isdefined asthe acceleration.
Thereforeacceleration duringfirst 6seconds = 2ms?
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unit 1 ® Force and Linear motion

Acceleration of 2ms?meansthat the change of velocity during each secondis2ms?.
Herethe changeispositive. Thereforethe acceler ation ispositive. Thismeansthat the
velocity isincreased by 2 m s* by each second.

Ve ocity isnot changed duringt =6 stot =9 s. Object movesat auniform velocity during that
period of time. Thisuniform velocity is 12 metres per second (12 m s?). Duringthelast 3
seconds (t=9stot=129) veocity has been decreased from 12 to 0 ms™.

Here, the change of velocity = (0-12)mst

Acceleration during that 3 seconds _ Change of velocity _ (0-12) ms?
~ Timetaken - (129 s
= -4ms?

Hereanegativevaluefor accelaration is obtained because of the discr ease of velocity
by 4 m st in each second

Negative acceleration is known as decelar ation.
The above decelaration is = 4ms?

Vel ocity - Timegraphs
These graphs are drawn by denoting velocity on y - axis and time on x-axis. The
gradient (slope) of such graphs denote the acceleration.
Velocity v (ms?)

Uniform velocity Uniform negative
accelaration or
deceleration

o
.\0
oy

Time ¢ (s)
Fig: 1.11 4 Velocity - timegraph
Let us consider an object moving in a uniform velocity of 6 m s*, for 3 seconds. Its
velocity-time graph is shown in the following figure.
Velocity (m s™)

V) Total distance travelled during 3's,
< at the velocity of 6 m s
Distance of the object = velocity x time
3 =6msix3s=18m
Fig: 1.12 4+ Veocity - timegraph for uniform velocity
0 1 2 3 Time(s)
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X/‘;'OC‘W (ms’) e Thenumerical value of the area of the
A B rectangle ABCO, under the velocity -
time graph, isalso 18.

Thatis: =6ms'x3s

Areaof the ABCO=18m

O 3 € time ) Thisisegual to thetotal

Fig: 1.13 4 Displacement isgiven ) displacement
by theareaof ABCO

e Assumean object, commencingits motion from stillnessmovesa ong astraight
path, in a uniform acceleration of 3m s?for 4 s

Initial velocity =0
Velocity after 1 s = 3ms!?
Velocity after 2 s = 6ms?
Velocity after 3s = 9ms!?
Velocity after 4 s = 12mst
Mean velocity during 4 seconds = ( 0+ 12> m st
Total distance travelled during 2
this time = mean velocity x time
v (ms?) = (0+12)ms'x 4s
2
12 A =24m
Areaof thetriangle OAB = 12x4 =24
9 2
6 The distance travelled is 24 m. Because of
the object travelled in astraight lineand is
3 24 m away from where it started, the
B dispalcement is 24 m.
0 1 2 3 4 (9
Fig: 114 Displacement is given by the area of OAB
Displacement = The numerical value of the area between the velocity -
time graph and time axis.
= The areaof thetraingle AOB

Acceleration dueto gravity
Acceleration dueto gravity (g) isthe accelaration gained by an object when gravitationa
forceisexerted on the object.
When an object in stillness, starts to fall down vertically, its velocity increases by
10 ms? approximately per each second.
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unit 1 ® Force and Linear motion

When an object is projected vertically upwards, its velocity decreases by 10 m s?
approximately per each second.

Thus, it isclear that the acceleration due to gravity is approximatly 10 m s?
g =10 ms?

Solved Examples

1. A fruit on atreefalls down vertically to the ground in 4 seconds.
i. Prepare atable to show the change of velocity with time.
ii. Draw the velocity - time graph.
iii. What was the height to the fruit, from the ground ?

Time () 0 1 2 3 4
Veocity (ms?) o 10 20 30 40

ii. Veocity (ms?)

40

30

20

10

0 . 3 3 n Time (9)

Fig:1.15 Velocity time graph for afalling object

iii. Height to the fruit = area under the graph
displacement = 40msix4s
2

80m
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2. An object was projected vertically up with an initial velocity of 30 m s*. Draw
the velocity time graph to show itstotal motion to the highest point and returning
back to theinitial point.

Table of velocity vs.time.

Time (s) 0 1 2 3 4 5 6
Velocity (ms') 30 20 10 0 -10 -20 -30
Velodity (m s*) (returning down)

N\

30

20

10

0 > Time (s)

-10
-20

-30

Fig:1.16 Velocity - time graph for the motion of an object projected up wards

1.3 Equations of motion for the Linear Motion

¢ Assume the motion of an object with the initial velocity of u and moving in a
uniform acceleration of a for atime period of t.

Veocity changein tseconds - a7
[—Vdlocity after t seconds(v) - initia velocity + velocity change
=4+ at
Col=u+at @

Think of an object moving in uniform
v=Uu-+at acceleration. Its velocity changes uniformly in
eachunit of time.

Thisisthe 1% equation of motionfor thelinear motion.
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unit 1 ® Force and Linear motion

Let us find the distance of the motion of an object, moving with a uniform
acceleration for a given time.
For this, the mean velocity should be multiplied by the time of motion.

Mean velocity = initial velocity + final veloctiy
, 2
Mean velocity = 4 ;F v

[Displacement s = (%;fﬂ)xf

— 1 2 But » = u+ta
S _Ut+ /Zat ) 1= [%‘f‘?ﬂ‘i‘dlj]f

2
5= wm+t'/,af —@
Thisisthe 2™ equation of motion for thelinear motion.

Vi = u+tat
[ 4] ==
v-u
b4 = a

Displacement of the motion of
an object that moves in uni-
form acceleration

= Mean velocity x time
k) = (M X
2

When the motion isin astraight path, the distance equals the displacement

But ¢ :(”;”)
§ :<7)-i2-%) (ﬂ;%)
V2 =U?+2as
_ =i
- 2a
2172 = 2as
L2 = /2 + 2us @

Thisisthe 3“equation of motion for thelinear motion.
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e If an object starts its motion from stillness then,
u=20

If acceleration is 2 m s?, the change of velocity (change is positive) is 2 m st per
second. If the change of velocity occur for 5 seconds,

The change of velocity for 5seconds = 2ms?x5s
= 10 ms™
[Vdocity after 5 seconds v =utat
=0+2ms?*x 58
v = 10 ms™

An object starts its motion from stillness and moves in acceleration of 1.5 m s2
for 8 s. Then it moves in that velocity, uniformly for another 8 s and stops its
motion during thelast 4 s with auniform decel eration.

i. a) Whatisthevelocity at the end of 8 seconds ?

b)  What isthedisplacement travelled during that time?

ii. Whatisthedisplacement travelledinuniformvelocity ?

iii. Whatisthedeceleration duringlast 4 seconds?

iv. Whatisthedisplacement travelled indeceleration ?

i. a) Thevelocity at theend of } VvV = utat
initid 8s = 0+15x8
= 12ms"

b) Displacement travelled during _ 1 5
initial 85 b o sad s

1
= (0x8) +9 x 15 x 82

:O+éx1.5x64

s =15 x 32

= 48 m

ii. Displacement travelled inuniform
velocity }

=12ms! x8s
= 96 m
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iii. If the acceleration during last 4 sis a,

v =u+at

0 =12 +a(4
=112 = 4a

4a =--12

a - ——3ms?

Because a is a negative value, acceleration dectreases by 3 ms™ per second.
[ Deceleration = 3 ms?

iv. 5 = ut+ ; af’

&
[l

(12 x 4+ ) x (3) x 42

5 = 48-24 =24m

1.4 Newton laws of motion and concept of force

Newton'sfirst law

If not an external unbalanced forceis exerted, the objects at rest maintain their
stillness and those in motion moves in a uniform velocity.

e Concept of force

If aforceis applied on an object towards its direction of motion, the velocity
increases. If the force is applied to the oppostite direction, velocity decreases.

When an object is pushed and released along the floor, its velocity decreases
andfinally stops. Thisisbecauseafrictiona force actsagainst themotion, If an externa
force, whichisequd tothefrictiond forceisapplied on the object towardsthe direction of
motion, it will moveinauniformvelocity. If the external force applied to thedirection of
motion is larger than the frictional force, that excess amount of forceisreferred to as
unbalanced for ce. Accelerationisawaysdueto thisunba anced force.

Work cannot be donewithout applying aforce. Thereforeforce could be defineas
the agent that makeswork to be done.
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1.5 Magnitude of force

e Concept of Momentum

Momentum of an object isthe product of itsmassand velocity.
Momentum - Mass x Velocity

=M x Vv
If an object is at rest, there is no momentum,
Because v=0
Velocity isessential for an object to have momentum. Momentumisavector quantity. It's
directionliesinthedirection of velocity.

e Whenthemass - 5 kg
and velocity =1 m s the momentum of an object = mw
-5x1=5kgms’

Whenthemass - 5 kg

and velocity -2ms’ When the mass -5 kg
The momentum } = and velocity -4 ms!
of the object -5x2-10 kg ms' The momentum _ - »»

of the object 5x4-20kegms!

When the velocity of an object increases , the momentum also increases. When a
forceis applied towards the direction of motion of an object, its velocity increases.
Hence momentum also increases.

Newton's Second Law
The rate of change of momentum of an object is directly propotional to the
unbalanced force (F) acting, and takes place in the direction in which force acts.

Force a rate of change of momentum

If the velocity of an object (of mass m) isincreased from u to v during atime period

of t, because of the action of force F ;
my — mu
—

(v—u)

¢

F a

m

(v —u)
I3
F A ma

[ ¥ =+4m (k= constant)

= 4 accderation

Fig:1.17 Issac Newton
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Definition of a Newton
Forcerequired to produce an acceleration of 1m s2toamassof 1 kgisknownas1N

Therefore constant k = 1

L H=wma .
Force - ma%:rc]celeratlon

e Magnitude of Force

We have aready learnt that the SI unit of force is newton (N).
One newton is the amount of force necessary to giveamassof 1 kg, an accderation of 1 m s2.

[Theforce necessary to giveamassof 5kg, anaccelerationof 1 ms?2is5N
F=ma
Therefore the force necessary to give a mass of } -5kg x3ms?.
5 kg, an acceleration of 3 m s? - 15N

Solved Examples
e What isthe force necessary to give amass of 10 kg, an acceleration of 4 m s2?
Force (F) =ma =10kgx4ms?=40N

e What isthe force necessary to give amass of 8 kg, an acceleration of 2.5 m s2?
15! = ma
IF = 8kgx25ms?=20N

Knowledge Testing
Complete the following table.

Force (P) Mass () Acceleration (a)
60 kg 50 cm s
100 N 4 ms?
60 N 120 kg
4 N 16 kg
500 ¢ 20 m s”

1.18 Fig Relationship between
Gravitational force force, mass and acceleration.

Weight istheforce of gravity on an object. Objectsin freefall accelerate dueto gravity.
Newtons Second L aw tellsusthat force = massx accel aration hence, theforce of gravity
onanobjectinfreefall isitsmassx g, wheregistheaccelartion dueto gravity. Thusthe
weight of an object can beworked out fromitsmassusing thisformula.

Therefore;; w=mg
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1.6 Newton's Third law

Newton's third law is the law associated with the mutual action of two objects.
Activity 1

Place two pieces of boards on some marbles as shown
inthe Fig 1.19. Sit yourself on one board and ask one
of your friends to sit on the other. Push each other by
placing the palms together.

What happens ?
Both will be pushed to opposite directions.

Fig :1.19 ©© Demonstration of action and reaction

Here, the push by one person can be considered asthe action and the push on him by the
other person could be considered asther eaction.

Activity 2
Take two equal trolleys. Fix abent spring
blade to one trolley as shown in the
Figure : 1.20. Tie both ends of the spring
with apieceof thread toformacurve. Keep
the other trolley touched to thefreeend of
the spring.

Fig:1.20 Demonstrating action and reaction using trolleys .
g 9 9o Then burn the piece of thread. Bothtrolleys

will move to the opposite directions. The
distance they travel will be approximately
equal.

Canyou identify theaction and reaction for thisinstance.

Activity 3
Hang an inflated balloon on a horizontal wire
using two pieces of drinking straws and
cellotape as shown in Fig : 1.21 Carefully
remove the thread tied to the mouth of the
balloon. The balloon will moveto the opposite
direction of theflow of air.

Flowing of air isthe action. Motion of balloon

T iy is the reation, which is equal in amount and
and reaction uisng a . .
vl oppositeindirection.
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R Redion
A block of wood kept on a horizontal table is shown
inFig: 1.22. Theweight of the block isW. Thisisthe
action by theblock on thetable. Thereaction applied by
thetable, againgt theweight isR. Theblock of wood isat
equilibrium because; \]/

W= R _ _ _ W

Fig:1.22 Weight and the normal reaction Weght
Newton's third law could be expressed as follows;

For every action, thereisareaction which isequal in magnitude and oppositein
direction. Action and reaction cannot act on the same body. Two bodies should be
involvedinthisregard.

1.7 Frictional force

Push and release an object along ahorizonta floor. What happenstoitsspeed withtime ?
The speed decreases and the object comesto rest. It isclear that aforce which
opposes the motion is exerted by the contacting surfaces.
AsshowninFig: 1.23 draw ablock of wood on ahorizontal table, usingaNewton
balance.
The force drawn (X) is indicated on the balance.
If the block does not move, it implies that the frictional force (F) is equal to the
force drawn.

Now increasethe pulling force. If theblock
s i gtill doesnot move, itimpliesthat thefrictiona
F forceaso equally increaseswith thedrawing
force.

When two objectsin contact are at rest and
one (the block of wood) is about to move
relatively totheother (thesurfaceof thetable),
a force is generated by the contacting
Fig:1.23 4 Demonstrating limiting surfaces to oppose the motion.
frictional force

When there is arelative motion between two contacting surfaces also, aforceis gen-
erated to prevent the motion.

The forces acting between two contacting surfaces which prevent or retard
the relative motion are known as frictional for ces.

The property that generates frictional forcesis known as friction.
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Fig 1.24

For what is the treads on tyres and
ridges on shoes ?

Factors affecting friction

Limiting Frictional Force

As mentioned earlier, when the pulling force
applied on the block of wood on the table is
increasing, the block just startsto move. Record
that reading on the spring balance.

When the pulling forceisincreased, the

frictional force also increases. But the relative
motion, a onestage, impliesthat thefrictiona force
can reach up to amaximum value for the given
contacting surfaces. That maximum frictional
force is known as thelimiting frictional
force for that contacting surfaces.

Carry out the following activities to investigate the factors affecting friction.

Activity - 1 I ——

.-

Fig: 1.25 4+ Normal reaction and friction

Take three equa boxesfilled with sand.

Place one box on a horizonta table - top.
Using a newton baance, find the minimum
forcethat should be applied to just start the
motion of sand box.

Put another box filled with sand, on the
previous one. Find the minimum force to
be applied to Sart motion as above.

Repest the activity using three boxesof sand.

It is observed that, when number of boxes
(weight of the object) is increased, the
horizontal force for motion is also should
be increased.

¢ When the weight of an object increases the normal reaction also increases.

e Thatis whennorma reactionincreases, theminimumforcethat should be gpplied to start

motionisasoincreased.

¢ Theminimum forcethat should be applied horizontally to the surfaceto start motion, is

equd tothelimitingfrictiond force.

e Thereforeit could be concluded that when the normal reaction applied onanobjectis
increased, thelimiting frictional force onthe object alsoisincreased.
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Activity - 2 I —
o Placeawooden box onahorizonta tableand
find the minimum horizonta forcethat should

| o be applied to just moveit.

o Pasteapieceof sand paper tothe surface of
the box, which was contacted with the table
top and repeat the above activity.

vﬁ;P;:_ o Theresultsof thisactivity reveal that the

minimum force applied to move the object
Fg:1.26 ;\'_agtt_"e of contacting surfacesand  jncreases with the roughness of contacting
riction. Surfaces

It concludes that the nature of contacting surfaces affect the limiting frictional force.

Activity - 3 I ——

e Take a wooden cuboid with different surface areas as shown in the
Fig: 1.27 below.

et

Fig: 1.27 4+ Surface area and friction

o Place the surfaces of different area on the table and find the minimum force that
should be applied to just move the wooden cuboid.

e The minimum force that should be applied in each instance will be the same.

It could be concluded that the contact surface area does not affect the limiting
frictional force.
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Frictional forces acting on objects moving in uniform velocity

Think of an object whichisaready moving onasurfaceinuniformvelocity. Inthisingtance, a
forcewhichisequd tothefrictiona forceisacting towardsthe direction of maotion.

If theforce applied for motion differsfrom frictional force, then the difference
between those two forcesis known asthe unbalanced for ce.

e If aforceof 15N isapplied towardsthe direction of motion whilethefrictional
force is 12 N, then the unbalanced force is 15 N — 12 N (that is 3 N). The object
accelerates because of this force.

If the frictional forceis 12 N and force applied for motionis9 N,

the unbalanced force = ON-—-12N
= —3N

There will be a negative acceleration, because the unbalanced force
IS negative. That is a deceleration.

Practical applications of frictional force

¢ When moving machine parts are contacting each other they areworn out and energy
is also wasted because of friction. To prevent this ball bearing, roler bearing
and lubricants are applied.

e Frictional forceis useful in walking, climbing trees and running motor vehicles.
Using shoes with grooved soles, using a ring made of rugs to climb trees and
using grooved - treaded tyres for vehicles are methods of increasing frictional
force in the above mentioned situations.

o Frictional force could be increased by making the contact surfaces rougher and it
could be decreased by making them smoother. On railway lines frictional forceis
increased by putting sand on the rails. On carom boards, frictional forceisreduced
by applying boric powder.

1.8 Equilibrium of coplanar forces

Keep aring on ahorizontal tabletop and apply two coplanar forcesto oppositedirections
using spring balances as shown below.

= (Op=p

Fig: 1.28 4+ Equilibrium of an object under two linear forces
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Observe the readings of two spring balances. It could be observed that if the reading
of one balanceis larger than the other, the ring moves towards that direction. And if
the readings of both balances are equal, the ring stays at rest.

Why arethereading of balance equal whentheringisat rest ?Itisbecause both
forcesareequal in magnitude, oppositeindirection and actsalongasingleline.

Givenbelow inFig: 1.29 showsthe coplanar forcesin equilibrium.

reaction The object onthetableis at rest because its weight
(vertically up) and the reaction by the horizontal surface on the
R object are equal in magnitude and opposite

T in direction and act onthesame straight time.

because aforce equal to the weight of the object is

‘ ‘ Think of an object hung by astring. If itisat rest, itis
acting vertically upward dong thestring.

If two coplanar forces, acting on apoint areequal in
W magnitude and oppositein direction, thenthey areat

weight equilibrium. The object under suchforcesisat rest.
(vertically down)

Fig:1.29 4+ Weight and normal reaction

Equilibrium of three coplanar forces

Placearing onahorizonta planeand draw it to three
directions, using three spring balances, asshownin
theFig: 1.30 below. Apply theforcestill theringisat
rest. When the ring is at rest, it is because three
coplanar forcesacting onthering arein equilibrium.

If three coplanar forces acting on an object are at
equilibrium, the object under thesefrocesisat rest.

When the positions of spring balances are denoted
by straight lines and are extended towards each
other, they will meet at point O. Thusthree coplanar

Fig:1.30 & Equilibriumof anobject  forces acting on an object meet at a single point.
under three coplanar forces

Force diagram
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Fig : 1.31 shows a framed picture, hung on a
wall. The weight of the picture is balanced by
two tension forces acting along the strings.

Thefigure also shows avesak lantern hung on a
line. Weight of the lantern is balanced by two
tension forces acting along the strings. Three
forces are in equilibrium. Hence the lantern is
at rest.

Fig:1.31 Equilibrium of objects under three coplanar forces

Equilibrium of three parallel forces
When the strip of wood shownintheFig: 1.32 below isat rest;
Reading on spring balanceA = The sum of readingson spring balancesB and C

3N
W —=1
T
6N i e
T
A jf 3N
A=B+C W ————10
C

Fig: 1.32 Demonstrating the equilibrium of an object under three parallel forces

Fig : 1.33, shows A child is
sitting on the very centre of a
bench. Hisweight isW. Forces
exerted upwards vertically
by the legs of the bench are
F and F, F, = F, Sum of the
forces F, and F, is equal to the
force, W. Therefore these three
parallel forces are in
equilibrium.

F,+F,=W

e
S
e

Fig:1.33 Equilibrium of an object under three parallel forces
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1.9 Turning effect of a force

Turning effect and the moment of a force

Think of an instance where aforceis applied to turn an object around an axis or apoint.
Assume that the volume or the shape of the object is not changed by the force applied.
Theresult of suchforceiscalledtherotating effect. Thephysical quantity associated withthe
turning effect iscalled the moment of force. The moment of force depends on product of
magnitude of force and the perpendicul ar distanceto theline of action from the point of
rotation.

X isastrip of wood which can berotated freely round the point O. One of itsendsis
connected to aspring asshowninFig. 1.34

Fix metal rings tothe points
A and B of the strip asshown

inthefigure,
Let OA =4cm A 5
AB =4cm X @) ® 0 Q

Draw the strip by aforceof 1N

-
applied to the point B, using a
spring balance.
Observetherotating effect of the

strip of wood round O and
measure the extension of the

Soring. _ _ o O
Fig:1.34 ©+ Change of turning effect according to distance

Then draw the strip by the sameforce applied to A and al so measure the extension of the
Spring. We see that the changein extension of spring increases, and there by therotating
effect isenhanced.

Whichisthepoint that agreater rotating effect could be exerted by appling the sameamount
of force?You may haveobservedthat itisB. Thereasonisthat the perpendicular distance
fromthepoint of rotationtothelineof actionislarger, in Situation B.

To obtainthesame moment as, 1 N isappliedto B, twicetheinitia force should beapplied
toA.
Themoment of force - Magnitude of force x Perpendicular distanceto theline of
actionfromthe point of rotation

Unit of themoment of coupleof forces=Nm
Themoment of aforce could beincreased by ether increasing themagnitudeof theforce
or by increasing the perpendicul ar distanceto theline of action of forcefrom the axisof
rotation.

Turning or therotation of an object takes place because of the moment of force

applied.
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Think of aninstance of loosening anut using a spanner.
What is the place of the spanner, that a larger force
is necessary to be applied to loosen the nut ?

Fig: 1.35 £+ Moment of force

applied by a spanner ¢ A uniform wooden bar of thelengthof 1 mis hung

from its center and balanced. A weight of 10 N is
hung at the end B.

The moment of the weight (force)

of 10N =10N x 0.5m
0.5 0.5 = 5N m Clock wise
A [ m _ m |B

1m
What should be done to maintain the balance of the bar ?
Another weight of 10 N should be hung to theend A. Then therewould be

amoment of 5N m (10 N x 0.5 m) anti clockwise. And the bar would bein equilibrium.

Turning of a steering wheel,
opening and closing of adoor and
turningthehandleof abicycleare
instances of application of
moment of forces.

Isit easy to open or close adoor by applying
aforcefar away of the hinge or closer to the
hinge?

The moment islarger when the forceis applied
far away of the hinge. Hence it is easy to open
or closethe door by applying theforcefar away
of the hinge.

'Fig: 1.36 # Who is applying the larger moment of force
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e Couple of forces

Coupleof forcesaretwo parallel forceswhich
areegud inmagnitudeand oppogiteindirection and
are applied on an object to rotate it. Opening or
closngawater tap and turning the steering whed
of avehicleare someinstances where couple

P
_fom
ﬂ(\‘/y} of forcesarein action.

. _ Takeastrip of wood, whichis20 cmlong, and
Fig: 1.37 % Coupleof forcespplied onatap gy it 46 g hoard in such away that it could be
O rotated round the point O. (Seefig 1.38) Fix

I two metal rings at the distance of 10 cm from
6N either sides of O. Initialy, the strip is at
equilibrium. Fix two spring balancestothe
g 10 em 10 cm rings, A and B, and draw them_ to opposte
directions to turn the wooden strip. It will be
[ observed that the readings of spring balances
0O arethesame.
A .

o _ 6N 1| Thus, theforceswhich areoppositeand parale
Fig: 1‘§uplegfe’fg‘:ga' nga 1| indirectionareequal inmagnitudeinacoupleof
forces.

Themomentof _ Magnitude of force x Perpendicular distance betweenthelines

couple of forces of action of two forces

Unit of the moment of couple of forces - Nm

10
100

Themoment of forceat A - 6 N x M - 0.6 N M(clockwise)

0
M - 0.6 N m (clockwise)

Themoment of forceat B = 6 N x 00

The object rotates clockwise because of both forces.
[ 1 Themoment of coupleof forces =06 Nm+0.6 Nm
- 1.2 N 'm (clockwise)
Perpendicular distance betweenthelines
of action of two forces - (10 + 10) cM= %m - 02 m

When the magnitude of onefor ceismultiplied by the perpendicular distance of thelinesof
action of two forcesa so, the moment of the couple of forcescould be obtained.

Thusthe moment of coupleof forces=6N x 0.2 M=-12Nm
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Summary

1)

The amount of motion of an object is given by the distance.

The change of position of an object is given by the displacement.

Rate of change of distance is the speed.

Rate of change of displacement is the velocity. That is, the velocity is the
speed towards a given direction.

Distance . Velocity = Change of displacement

Average Speed =
Time Time taken

Diganceand speed are scdlar quantities. Digplacement and vel ocity arevector quantities.

Rate of change of velocity is acceleration.

Acceleration due to gravity is the acceleration caused by the gravitational force.
. . e v=u+tat o =i+ 2as

Equationsof motionare; |, — ;1 12,2 . s :(uTw)t

Use of aboveequations

Sl unit of forceisNewton (N)

If two coplanar forces, acting on a point are equal in magnitude and opposite
in direction, they are at equilibrium.

If three coplanar forces acting on an object arein equilibrium, that object is at
rest. The lines of action of those three forces meet at a single point.

The rotating effect of aforce is the moment of that force.

Themoment of aforceisthe product of theforce and the perpendicular distance
from the rotating point to the line of action of that force.

ercises p@ay (YL SR E T

Given below is atable that shows the variation of velocity of an object moved on
alinear path, with time.

Time () o 1 2 3 4 5 6 7 8 9 10 11 12

Velocity(ms') o 3 6 9 12 15 18 18 18 18 12 6 O

iii.
iv.

V.

Vi.

Draw the velocity - time graph to denote this motion.

What was the acceleration of the object during first 6 s (the time betweent = 0s
andt=69)?

What was the time interval that the object moved in uniform velocity ?

What was the deceleration of the object duringt=9sand t=12s?

What was the distance that the object moved during first 6 s ?

What was the distance that the object moved during t=9s andt=12s?
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What is acceleration due to gravity ?

A pebble at rest was dropped and it took 6 s to reach the ground. Draw the
velocity - time graph for this motion. Using the graph, find the height that
the pebble had fallen.

Draw the velocity - time graph for the motion of an object projected vertically
up with aninitial velocity of 20 ms? and returns back to the earth.

(3) i. Solve the following problems using equations of motion.

a)

b)

()

An object at rest, startsits motion with auniform acceleration and reaches
thevelocity of 20 ms?! after 4 s.

1) Whatistheacceleration of the object ?
2) Findthedistancethat the object travelled during that time period.

An object at rest, startsits motion with auniform acceleration of 1.5 m s?
and travelsfor6s.

1) Whatisthevelocity of theobject after 6s7?
2) Whatisthedistancetravelled during that time?

1. State Newton'sfirst law of motion.
iii. Statethe equation derived from Newton's second law of motion.

When aforce of 15 N was applied to an object with amass of 6 kg, what will
beitsacceleration?

Givethreeinstanceswhere Newton'sthird law of motionisapplied.

. What is 'limiting frictiond force ?
. Givethreemethodsof decreasing friction.
iii. Givetwo examplesfor instanceswherethree coplanar forcesacting onasingle

point areat equilibrium
What isthe moment exerted by aforce?
Writeaformulato find the moment of aforce.

. What isthe unit of moment of aforce?
Vil.

Clarify theterm"coupleof forces' and givetwo examples.

AB isauniform bar of alength of 1.2 m. It isbalanced at its centre. What isthe
moment of aforceof 8 N, hung at theend B. What isthe weight, that should be
hung 0.2 m away from the end A, to maintain the balance of the bar ?
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