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UNIT-4 Turning Effect of Force

4.1

Q.1

Ans:

Q.2

Ans:

LIKE AND UNLIKE PARALLEL FORCES

SHORT QUESTIONS Yy

What is meant by parallel forces? (K.B) |
| PARALLEL VORCES)

Definition: -

“Iya\plane, if+iamber.of foices.act sn a tedysuch that their points of action are
differentmut 7herr-iines ot cCt on are nav ailel to each other, then these forces are called
paraIIeI fo! ey \

. r.él 23 iwo types of paraIIeI forces:

e Like parallel forces

e Unlike parallel forces
Example:
Suppose an apple is suspended by a string. The string is stretched due to weight of the
apple. The forces acting on it are; weight of the apple acting vertically downward and
tension in the string pulling it vertically upward. The two forces are parallel but opposite
to each other. These forces are called unlike parallel forces as shown in the figure below:

Tension
b’
Waight
e
Figure:  Like Parallel Forces

What is meant by like and unlike parallel forces? Also give examples to differentiate them.
(K.B) (LHR 2011, 2014, 2015, 2017 GRW 2013)
LIKE PARALLEL FORCES
Definition:
“Like parallel forces are the forces that are parallel to each other and have the
same direction”.

Example: W

Consider a bag with apples in it. The weight of the bag is ducto th= v\/mgtt ol aII fie
apples in it. Since the weight of every apple in the kaa §s ‘tha toice of| glavity cU'Tlg’ an it
vertically downwards, therefore, vxelghts srapcley are [he pa; aliel*fores:All these forces
are acting in the same dII‘ELtIL n,/Sush fdressiark alled iike passitel farces.

~ T\ WNLIKE PARAG LS FORCES

Defmurm v e
‘Uhhke parallel fm ses are the forces that are parallel but have direction

- opomlte tc each other”
-

fin KIIM

Suppose an apple is suspended by a string. The string is stretched due to weight of the
apple. The forces acting on it are; weight of the apple acting vertically downward and
tension in the string pulling it vertically upward. The two forces are parallel but opposite
to each other. These forces are called unlike parallel forces.
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Example To Differentiate Parallel Forces:

In the second figure below, the direction of the parallel forces F; and Es-is-the same se
these are like parallel forces. While the parallel forces F1_Fsand Fz-k=5 aie aciing. v
opposite direction, so these are unlike paraiie forces: S '

Figure: Like and unllke parallel forces

ENNE ADDITION OF FORCES

Q.1

Ans:

LONG QUESTIONS

Which method is used for addition of forces? Explain with example.
(K.B+A.B+U.B)

ADDITION OF FORCES
Force is a vector quantity. It has magnitude as well direction; therefore forces are not added
by ordinary arithmetical rules. They are added by a method known as head to tail rule. By
head to tail rule we get resultant force.

Resultant Force:
“A resultant force is a single force that has same effect as the combined effect of all the

forces to be added.”

HEAD TO TAIL RULE
Definition:

“Graphical method of addition of vectors in which the representative lines of all
the vector to be added are drawn in such a way that head of first vector coincides with the
tail of second vector, and the head of second vector coincides with the tail of third vector
and so on...the line obtained by joining the tail of first vector with the head of last vector
represents resultant vector is called Head to Tail Rule.

+\

] [ |
Figure:__ Frame fF\ﬁfereoce T, | l TR L . s -
Reg ese: 1ta1v Lme J ’ i

4

Method: A }
Head ts- ta'l |ule can ke uzef] tdf aJ{an \/ nur inel, OF furces The method of addition of two

vectorsitgiver brigw! _ »
o Selegt the fiame! ot rafercrice and suitable scale and draw the representative lines of
= all the v e“t( rz-dccording to the scale; such as vector A and B.

' ~'» “Jlake any one of the vectors as first vector e.g. vector A. then draw next vector B such

that its tail coincides with the head of the first vector A. Similarly draw the next
vector for the third force (if any) with its tail coinciding with the head of the previous
vector and so on
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Q.1

Ans:

._l

|

:.—'n-_ 1 i

A |

F”gun: \ ! on:cuﬂgHLndfc'.dll |

e Now=graw'a vecior k such ¢ hat itetail 1s at the tail of vector A, the first vector, while
its head s au the'head of ‘vector B

A
Figure: Resultant Vector “ R”

e Vector R represents the resultant force completely in magnitude and direction. The
length of the line according to scale represents the magnitude of the resultant vector.
The direction of the resultant vector is from the tail of the first vector towards the
head of the second.

4.2 SHORT QUESTIONS
Define Resultant Force. (K.B)

Given on page # 139

Find the resultant of three forces 12 N along x-axis, 8 N making an angle of 45° with
x- axis and 8 N along y-axis.
Solution:

Given Data:

First Force = F1 = 12 N along x-axis

Second Force =F2 = 8 N along 45° with x-axis

Third Force = F3 = 8 N along y-axis

Scale: 1cm=2N o ' )

Graphical Representation: =\ N o oo

e Represent the forces hy vectusx Fl = aﬂ i3\ accardn g *o ~*he sz in the given
direction. '

'-_. 1 ___-"'\-._ - ool - ..-:_
L T W . | N, . gl
1 RELIIE R F,

b1 [N | b
5 1k .l_ | ! | A il

Figure:  Representation of Forces

'_:-_'__-\_ —— = — — — e
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e Arrange these forces Fi, F ; and F3 such that the tail of force F, coincides with the
head of force F; at point B. Similarly, the tail of force F3 c0|nC|des viith the heag st
force F; at point C. ™

e Join point A the tail of the ferce Fylarid roint D th: head cf fc rce’ o et AD
represents force F. Azcording-ta heau to, ai rule, force It represents the resultant
force as shown in the figure:

— e s

Figure: Finding Resultant Force

e Measure AD and multiply it by 2 cm the scale to find the magnitude of the resultant
force F in (N).

e Measure the angle <DAB using a protractor which the force F makes with x-axis.
This gives the direction of the resultant force.

Result:

Hence, the resultant Force will be 9.6 N making 37° with x-axis.

4.1, 4.2 MULTIPLE CHOICE QUESTIONS

1. If a number of forces act on a body such that their points of action are different but lines
of action are parallel to each other then these forces are known as : (K.B)
(A) Same forces (B) Parallel forces
(C) Perpendicular forces (D) None of above

2. If the direction of parallel forces is the same, then these are called: (K.B)
(A) Same forces (B) Like Parallel forces
(C) Unlike Parallel forces (D) All of above

3. If the direction of parallel forces is the opposite, then these are called: (K.B)
(A) Same forces (B) Like Parallel forces
(C) Unlike Parallel forces (D) All of above

4. Addition of vectors are done by: (K.B)
(A) Head to tail rule (B) Left hand rule—
(C) Right hand rule D) Nope ¢ akgvie ™

_I'EE'M t\’ﬁl‘a’i?.m_
| m QuEsTIoNS

Q.1 Definean ic E( )lc”J Fe‘ol Jtionof Fevces (K.B+U.B+A.B)

Ans: _ ~ "RESOLUTION OF FORCES

-k Ir‘.J(dUttml'
J A B 11e ‘process of splitting up vectors (forces) into their component forces is called
nA )~ Resolution of forces. If a force is formed from two mutually perpendicular components

then such components are called perpendicular components. They are also called
Rectangular components.
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Definition:

“Splittina up of a force into two mutually perpendicular components is callpd te
resolution of that force.” ) ¢
Explanation: - '

Consider a vector F acts on a bsey by meking é&n’ a*lg e 0 thh fhd x= a4 “which is
represented by the vector SA as shawn-in the figurs. Tiraw peipe: 1d cular from A on x-
axis as AB as shown in the fmu & :

Figure:  Resolution of a Force

Draw a perpendicular AB on x-axis from A. According to head to tail rule, OA is the
resultant of vectors represented by OB and BA.
According to head to tail rule, OA is the resultant vector of vectors represented by OB
and BA.
So, OA=0OB+BA . .............. Q)
Since the angle between BA and OB is 90°, hence these are called the perpendicular
components of the vector OA representing force F.
Horizontal or x-component:
The component OB along x-axis is represented by Fx and is called the X-component or
horizontal component of the vector F.
Vertical or y-component:
The component BA is represented by F, and is called the y-component or vertical
component of the vector F.
So equation (1) can be represented by:

F=Fyx+F,
Magnitudes of Rectangular Components:
The magnitude of the perpendicular components Fx and F, of forces can be found by
using the trigonometric ratios. In right angled triangle OAB,

F, OB
X =——=co0s0
F  OA
Fy
— =C0s0
E
Fx=F cos 0 _ T4 '
Hence O AN | (o \o
Similarly, _ " \ A
F?Y—E—A 5ir € A \
2\ \En ™ \ _
' _:—sn(—] e
T IFrn'fOI:‘I'.f'...- .
b | il 4~ Fy=Fsin 0
Conclusion:

F\ and Fy are perpendicular components that are shown by the two sides of the
right-angled triangle where as hypotenuse represents the magnitude of the actual vector
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Q.2

Ans:

Find the magnitude and direction of a vector whose rectangular components are glven
(K.B+U.B+A.B)

DETERMINATION OF A FORCE FROM PERPENDIQLJ N jQ"’JP Ll';l‘&x_
Introduction: -
Since a force can be resolved inta two'pérnendictlar \,mement,. 1t revierse is to
determine the force knowisg,its perpandicaiar'compgnerits.
Explanation: /
Consider. X 'and Fv.as iz inerdedicular eoinooirents of a force F. These perpendicular
components Fixiane Fylaie EPres enLeL b'viires OP and PR respectively as shown in figure:

Figure:  Determination of a Force From its
Perpendicular Components

According to head to tail rule:

OR=0P +PR
Thus OR will completely represent the force F where x and y-components are F, and F,
respectively.

F=F+F
Magnitude of the Force:
The magnitude of the force F can be determined using the right angled triangle OPR as,
According to Pythagoras Theorem

(Hypotenuse) = (Base) + (Perpendlcular)
© R) = (OP)* + (PR)*
FP=F2+F/}

Hence F= ajFX +F/

Direction of the Force:
Direction of the force F with x-axis is given by,

F
tang =3 =
oP F
F .
So, 0=tan" 2~ A
F AN E e

R ] _-.__.' o
The value of the angle can be determmed b / Lsmm ti |g) 1or. tri-:'?able; ar ca@!r.!ela;ort
Conclusion: ) ol | -'——.——
A Force can be car ke jour, ¢ b/ |*s ’Jarpenau.ar comisonents Fy and Fy
by usLnJ nyh:dgeras . hegi-leg.k and “its_direction can be found by using
=) [ aricridicular

Base

trigoriornitrig r«_aff_o janf.=
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SHORT QUESTIONS

Q.1  Define Resolution of Forces. (K.B+U.B+A.B) ) I~ (LHfa'zJ'J)'
Ans: Given on Page # 142 Y [ | 7~ —
Q.2  Define Trigonometric Ratios. Give ::/amplesw’ E)
Ans: _TELQQ"_’ SIMETTREC _?__;Q§

Definition; '

“Tle \raags ueuve(r anv of tle 'rw sides of a right angle triangle are called

trigonor 1e.rur‘ I auo‘ o \ -

Exainples:! .

Carsidaria rigiit angled triangle ABC having angle 0 at A as shown in the figure:

B
3
2 I

st i

wE g

&

A [i] c
Base

sin® = Perpendicuar _ BC

Hypotenuse — AB
Base _AC
Hypotenuse ~— AB
Perpendiclar _ BC
Base ~AC

cosB=

tan@=

Figure:  Trigonometric Ratios

Q.3  Definesin 6? (K.B)
Ans: SIN

Definition:

“For a right angled triangle the ratio between Perpendicular and Hypotenuse is called sin 6”
Perpendicular

E

sinf=
Hypotenuse
Q.4  Sketch values of Trigonometric values at different angles. (K.B)
Ans: VALUES OF TRI NOMETRIC RATI

Some values of Trigonometric Ratios are given below:

Ratiof6 [ 0= | 30°

&
g

= | 9=

-

50
9980

sing | =

9980
50

i~ |
cosfh | = < " -

T L0L0 | LOLD

-

. - __’*'j-t"-.J \ .
. Figgre:| M"_e\ﬁu s ol Tijgondmesrig Ralics
---_ . vl T LWL Table or 12G0s |
Q5 Inarignteng I=d trjangle Te-ﬁc_ti c¥Dase is 4 cm and its perpendicular is 3 m.
~ Fingr (i) hengfrn of hvboienuse (if)sin O (i) cos 6 (iv)tan 6
_ TN (K.B+U.B+A.B) (Mini Exercise Pg. # 89)
[ NYRE] =

LLS'D

tan 6 .|-=--

(i) We know that,
(Hypotenuse)? (Base)? + (Perpendicular)?

@) + @3
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= 16+9
= 25
By taking square root on both sides e
Hypotenuse = _5emd N | |
(i) As we know that ~— A0
sin@ A7\ oprenditylac)
. v \Fiypoientise
So - Clgingl AW o
- [ (i3 As e Kow
J' J AV Cos0 = _ Base
Hypotenuse
So Coso = 4
5

(iv) As we know that
Perpendicular

Base

tan© =

So tan 0 = §
4

Q.6 What is the advantages of resolution of force. (C.B)

Ans: In working out the effects of a force, it sometime helps to resolve the force into its
components at right angle.
For example, when a helicopter tilts its main rotor, the force has vertical and horizontal
component which lift the helicopter and move it forward.
Fy=Weight of helicopter

Fx=motion of helicopter in forward direction

A man is pulling a trolley on a horizontal road with a force of 200 N making 30° with the
road. Find the horizontal and vertical components of its force. (U.B+A. B) '

Solution: Fx =200 (0.866) | (VL
Given Data: \ wE A3 T N o e’
Force applied on trolley =F = 200N, W_ Khow | | ™ L
Angle of force with the roafl = 9 =20 |L R sin 6
To Find: — W/ Futling values
Horizantay, C').npoqen thk‘ fc.ce\s\} X_’) [ ~ Fx =200 sin 30°
Verticel G cm,wnml 01 tr e to CF= Fy=? Fx =200 (0.5)
Calculatigrs: | || || | - Fx=100N
n \_:'\{=I 1y ' Result:
' J N = Feosd Hence, the horizontal and vertical
Putting values .
E. = 200 cos 30° components of the pulllng_ force are
x 173.2 N and 100 N respectively.
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4.3 MULTIPLE CHOICE QUESTIONS

1. Component of a vector acting along the x — axis is called: (K.B)
(A) x — component {B) HorizontaiCutapcnant
(C) Vertical component (PyBoch AardB

2. Component of a vector a&ting alosg thie y-.— axisiisicaliear (K.3)
(A) X — comaonent _ (B)Horizoata comporent
(C) Vertie] Comporient ¢35 Both A and B

3. Value ¢t ¢in 20%: TK.B) |
(A)e5 ' (B) 0.866
(G,C.707 (D) None of them

drol e fgrce of 10 N is making an angle of 30° with the horizontal. Its horizontal
component will be: (A.B)
(A)4 N (B)5N
(C)7N (D)8.7N

4.4 TORQUE OR MOMENT OF A FORCE

4.5 PRINCIPLE OF MOMENTS

Q.1  Define and Explain torque or moment of a force. (K.B+A.B+U.B)
(GRW 2011, LHR 2012, 2017)

Ans: TORQUE
Definition:
“The turning effect of a force is called torque. It is also called Moment of
Force”.
Formula:

Moment of Force (Torque) is denoted by Greek letter “t” and its formula is given below:
Torque = Moment arm x Force
1T=FxL
Unit:
In the system international, the unit of torque is Newton meter (Nm). A torque of 1 N m
is caused by a force of 1 N acting perpendicular to the moment arm of 1m long.
INm = 1 kgm?s™
Quantity:
Torque is a vector and derived quantity.
Examples: K
Common examples of Torque are as follows:, N
e turning pencil in a sharpeser - 1 AR
e turning stopcock df a wate: *hp,
e turning doorknah
¢_dpeniagor Cl JJnu a mt‘b\s{us ng. <ranner

Dependerica ¢1\ T, qu_a
Morent oil Torsé (_mmI ie)produced in a body depends on the following two factors:

SO el ARarce(r)

N NN s Momentarm (L)

Force:
Greater is the force; greater is the moment of the force (torque).
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Turning Effect of Force

Example:

While riding the bicycle, if you press the pedal hard with your feet-iis-wheels-giart
rotating fast and the speed of the bicycle increases. Similarlyifiytt ress th fie FEdol so* Iy
the wheel will rotate slowly and the Qoeed of the hmyc € Withbe, lass:

Rigid Body: . !

A body is cemposed of larye number of small pe rtn\,lec IFine dlstu..ees between all pairs
of partlclf“ o thenody-do\riot changs ly anniying a force then it is called a rigid body. In
other words, a1 igid hotly, is the'ore tnat is not deformed by force or forces acting on it.
/“<|> of Rotatmn

OpigidEr a~igid body rotating about a line. The particles of the body move in circles with
teir centres all lying on this line. This line is called the axis of rotation of the body.

Fixed axis 0

(lmmﬂ

Figure:  Axis of Rotation

Line of Action of Force:

The line along which a force acts is called the line of action of force. In figure the line
BC is the line of action of force F.

Ci
A AF

Axis of
rotation

Moment Arm )

Line of the of
action of Force

Figure: Important Thrnls Relater- u'l)_q_UF \ J .I | .'f L oy

e Al 5

Moment Arm: _J = A Vo O (LHR 2015)
“The perpendicular dlstonce uekwenr the! Inw of -ac\mn of Lne force and the axis of
rotaticii;, is Knowr-as mon! en? aim?. itis'n mieaduied In metres and centimetres. Longer
is the nw=mbent arry ﬂrealﬁr sth*“rn newtm force

Example:} '

_.. Nia¢tanizs! ho 3N or nghten the nut or a bolt with the help of a spanner. A spanner
% P 1)g_id=g arm helps him to do it with greater ease then the one having short arm. It is

isecause the turning effect of the force is different in the two cases. The moment produced

by a force using a spanner of longer arm is greater than the torque produced by the same
force but using a spanner of shorter arm.
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Q.1

Ans:

Q.2

Ans:

Q.3

Ans:

Q.4

Ans:

Q.5

Ans:

' Sl _";_fmeMmm{.rlrAr'.‘.'.'Gre.'.ter il be the Torgue
Sign Ciityentibng:| -
Under the'action of\the 't que if the rotation produced is anticlockwise, the torque IS
considered e be sositive. If the rotation produced is clockwise, then the torque is taken
ad negative.
4.4, 4.5 SHORT QUESTIONS
Define Torque. Write its formula and unit? (K.B+U.B+A.B) (GRW 2017)
Given on Page # 146
Write factors effecting Torque. (K.B)
Given on Page # 146
Define Moment arm. (K.B)
Given on Page # 147
Why do we prefer a spanner of longer arm for loosening or tightening a nut? (U.B)
SPANNER OF LONGER ARM
We Know
T=FxL
Above formula shows that Moment of force (torque) produced in a body depends on the
following two factors:
(i) Force
(i) Moment arm
Longer is the moment arm greater is the moment of force (Torque)
Example:
Mechanics loosen or tighten the nut or a bolt with the help of a spanner. A spanner
having long arm helps him to do it with greater ease then the one having short arm. It is
because the turning effect of the force is different in the two cases. The moment produced

by a force using a spanner of longer arm is greater than the torque produced by the same ~ -

force but using a spanner of shorter arm.

Why do we put handle of the door at its extreme edge’> (1< R+U E )
HANDI_E OFT-H:_@QR ' . '.* o

We Know 2 VALY N

t=xI /) L

Above fo mule Clﬁrows tha Jlomeo\of Torce \terque) produced in a body depends on the

followiiig o 1'iCLOh

o Forch ||

P, £l b Morhent arm

-origer is the moment arm greater is the moment of force (Torque), In order to increase
moment arm we put handle of the door at its extreme edge. Hence we can open or close a
door more easily by applying a force at the outer edge of a door rather than near the
hinge. Thus, the location where the force is applied to turn a body is very important.
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Q.6
Ans:

Q.7
J 1, WO

0.6

Ans:

Q.9
Ans:

Q.10
OR

Ans:

Q.11

N ¥
e M
TH

How can we increase torque by keeping the force constant? (U.B)
INCREASE IN TORQUE
We Know _ -
1=FxL _ W N[ _
Above formula shows that-MMoment of ferce (ferque) Lrodycediina body depends on the
following two factors: ' ) ' '

J rQiCe

. siDment anm

We can indrease|th? wraus uy mcreasmg its moment arm while keeping the force constant.
Dsfine Kigic Boay? (K.B) (LHR 2012, 2014, GRW 2015)
Civen on Page # 147

Define Axis of Rotation. (LHR 2012, 2013, 2017, GRW 2011, 2013, 2015)

Given on Page #147

Differentiate between axis of rotation and point of rotation? (K.B)
DIFFERENTIATION

Axis of rotation and point of rotation can be differentiated as:

Axis of Rotation Point of Rotation

Definition
e Axis of rotation is a line about which | ¢ Point of rotation is just a point about
the whole body rotates. which the body rotates.
Example
e When we open the door, the door | ¢ If we move a stick about its centre of
will move about its hinges or axis of gravity, then that point becomes the
rotation. point of rotation.

Define types of moment. (K.B)
Define clockwise and anticlockwise moments.

TYPES OF MOMENTS
There are two types of moments:
e Clockwise Moment:
A force that turns a body in the clockwise direction is generally used to tighten a nut b
a spanner. The torque or moment of the force so produced is called cts: ‘.(V\"se morm. ut )
According to Right Hand Rule clockwise mr"nent is taken-as qu*we
e Anticlockwise Moment: ™
A force that turns a body n the an:‘.do Kwvise dlrﬁcﬂcr. i g@n&ral Y| used to loosen a nut
by a spanr‘”". The torn--e or imognent; of the f)u‘e sa-vroduced iscalled anticlockwise
momeht. - \ '
According lo Righ t Hand Rule aritic ockW|se moment is taken as positive.
\Nhat isymeant Jy prizciple of moments? (K.B) (GRW 2013, 2014)
W PRINCIPLE OF MOMENT
L ltroductlon:
A body initially at rest does not rotate if sum of all the clockwise moments acting on it is
balanced by the sum of all the anticlockwise moments acting on it. This is known as the
principle of moments.
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Q.12

Statement:
Accordlng to Principle of Moment:
“A body is balanced, if the sum of clockwise moments actlrm on the ] rdy IS =L]ua' ‘0
the sum of anticlockwise moments actingort it.” v
A force of 150 N can loosen a niit wher' apolled 1t tne er d ’Jf a saal. JP 10cm long.
Find its torque. (U.B+A. E) ' 2 | (Mini Exercise Pg. # 92)
Solutign: / 1BeR et
Given'Data: | .

-0 cpuseo G 1Gosen arut=rF = 150N

Lergfh of shanner=L =10 cm

Rt

| | - = 0.1m
T0 Find:
Torque=t="7
Calculations:
We know
T = FxL
T = 150 x 0.1
= 15 Nm

Torque produced to loosen the nut is of 15Nm

What should be the length of the spanner to loosen the same nut with a 60 N force?

As
T = FxL
15 = 60 x L
L = E
60
= 0.25m
= 25¢cm

The length should be of 25cm to loosen the nut with 60N force

How much force would be sufficient to loosen it with a 6 cm long spanner?

As
L = 6cm
T — FXL ) B ) _- I- II-\.\..::' _'.. -,\..'H.-
15 — FXO.OBm : .--- o v ) .. | r :-- . iy,
L — 7 ! 15 — i / _ . .'._ '-__ \ .'._ \ 1 -_I. -_.I k {
-,Q..Ob 1RE R L !
— | = '1-'5 TV L

__.-_.-__."'

-

The f)l’\E ruuunred o\ Io )ﬂer 4-nacwith 6cm spanner is 250N

~ e Torque produced to loosen the nut is of 15Nm
e The length should be of 25cm to loosen the nut with 60N force
e The force required to loosen a nut with 6cm spanner is 250N
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Q.13 Can asmall child play with a fat child on the see-saw? Explain how? (K.B)

_(QuickQuiz Pg-#42)
Ans: SEE-SAW iRl
Yes, Fat child can play with smart child by afjjUsting therioment arm, asstiow 1in (N figure:
) ,‘::'! EM"JI .-. l'-a.'le i . |

[
| T | did tanv/e
4 \ | eyl L, == = ?.
— .. | LFP LT 3 Bl 1 _
1! B ek J
|

; J| N I =
1 \ - Figure:  Children on See-Saw

Q.14 Two children are sitting on the see-saw, such that they cannot swing. What is the net
torqgue in this situation? (K.B) (Quick Quiz Pg. # 92)
Ans: NET TORQUE ON SEE-SAW
In this case, net torque would be zero because clockwise torque is equal to anticlockwise torque.

A mechanic tightens the nut of a bicycle using a 15 cm long spanner by exerting a force of
200 N. Find the torgue that has tightened it. (U.B+A.B)

Solution: Putting values
Given Data: 1=200x0.15
Length of spanner = L = 15cm = 0.15m = 30Nm
Force exerted by mechanic = F = 200N Result:
To Find:
Hence, the torque produced for

Torque used to tighten the nut =t =? tightening the nut will be 30Nm.

Calculations:
We know o

I_- :___ A

PHYSICS-9 151



UNIT-4 Turning Effect of Force

EXAMPLE 4.4

A metre rod is supported at its middle point O as shown in flgure belziv.. The bice: DT
weight 10 N is suspended at point B, 40 cm from O. Find the ve;qht of the blozic that
balances it at point A, 25 cm from O. ;

I A - & . \ B

| gl (| &

="

[0 =

RN B ¥
| ! \ (figire=™ Balancing a Metre Rod on a Wedge

paien
| |5 liven Data:

Weight of the suspended block = w, = 10N
Moment arm of w; = OA =25cm =0.25 m
Moment arm of w, = OB = 40cm = 0.40 m
To Find:
Weight of the balancing block = wy =?
Calculations:
We know that
Clockwise moments = Anticlockwise moments
moment of w, = moment of w;
Or  w,x momentum arm of w, = w; x momentum arm of w;
Putting values

10x0.40 =w, x0.25

W, = 10x0.40 _16N
0.25
Result:
Hence, the weight of the block suspended at A will be 16N.

4.6 CENTRE OF MASS, CENTRE OF GRAVITY
Q.1  What is Centre of Mass? Explain its effect on rotation. (K.B-+J. F3+ﬁ ﬁ‘ .
Ans: QENTREQ I\/A&S A T N [ & VO™~

Definition: p N[

“Centre of mass o7 a S m ls/such a pomL v»hare an ap slied force causes the

system-te, m ve withgut votatior,”! | -~

Exglar.r*‘!on B! |

It is observed dhat the c'mtro af mass of a system moves as if its entire mass is confined at
— tihat| |poirit. o fu*n applied at such a point in the body does not produce any torque in it
R 1.6 diecay moves in the direction of net force F without rotation
J | %) Example:

" Consider a system of two particles A and B connected by a light rigid rod as shown in
figure below:
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Q.2
Ans:

| |

| [} &
| s
I

C\.HT ¢ of \/liSS 3 hwao Lnecua M sues

Let O isiitle ,)omf a..y\nlhem betwmew A anu R duch that the force F is applied at point O
as showiiir fl’i] Ird ahowe, 17 the System moves in the direction of force F without rotation,
then oomt g {he centrelst rnass of the system.

Figule:

N Jsfzn. move without rotation if the force acts elsewhere on it.

e Let the force be applied near the lighter particle as shown in figure below. The
system will move as well as rotate.

e

The System Moves As well As Rotates When a Force
is Applied Away From COM

Figure:

e Let the force be applied near the heavier near the heavier particle as shown in
figure below, in this case, also the system moves as well as rotate.

The System Moves As well As Rotates When
a Force is Applied Away From COM

Figure:

Conclusion:

A force applied at COM moves the system without rotation.

x
'... — ..h-
()

Define-anj'lh';xple’ »Cenurw o G ’a\nty (K u+i B+ U B) (GRW 2014, LHR 2014)
AR\ L)L) GENTRE OG GRAVITY
Deflnltnn ! \

“A pm'm 4 body where the weight of the body appears to act vertically

\ bV is called the centre of gravity of a body”

Position of Centre of Gravity:

The centre of gravity can exist inside a body or outside the body. Position of the centre of
gravity depends upon the shape of the body. A body is balanced when it is supported at
its centre of gravity.
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Explanation:

A body is made up of a large number of particles. Earth attracts each nf-these particigs ™| |

vertically downwards towards its centre. The pull of the Earth PC‘&:nO olf-aparticle i§ equal
to its weight. These forces acting on theiparticles-gfia” hnd«' are, ajmiosi- par u'el-"The
resultant of all these parallel forcz is a si=gle foice efuak te the e ght gt the body. A
point where this resultant 1oree acid verficaliy toweé rc° tae c=ntn of the Earth is called the
centre c¥. cra ’ItyGOf tiehddy L | WL

Figure: Centre of Gravity of a Body is A Point
Where its Entire Weight is Assumed to
Act Vertically Downward

Centre of Gravity of Some Symmetrical Objects:

The centre of gravity of objects which have symmetrical shapes can be found from their geometry.

Examples:

e The centre of gravity of a uniform rod lies at a point where it is balanced. The balance
point is its middle point G.

e Ceantre of gravity
S e A 0 O . . == L
v v

W L L

Figure: Centre of Gravity of Uniform Rod

e The centre of gravity of a uniform square or a rectangular sheet is the point of
intersection of its diagonals

T W (T
A

- - ._. oo

_—

Figure;=—-Centre oF G a\i,_ of r?ec‘Tcn_gI_ aiid ¢ we
o

e _____ _._._._ _n_._ —

e The centre of grawty ot a u nfo i uaar disc s it Centrek, blmllarly, centre of
graw%\, 0u a QQ-'Id\.-aDhQPE oi’ng cllow ,phe.c S.Ihc centre of the spheres

Figure:  Centre of Gravity of Sphere
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Q3

Ans:

e The centre of gravity of uniform triangular sheet is the point of intersection of its medians.

Figue .(ﬂﬁLﬂgangangﬂ'rSfaJ_'e |

e Thécentrs 5t dravicy of A Unnorm c iFoulas .Ing is the centre of the ring.

Figure:  Centre of Gravity of Uniform Circular Ring

e The centre of gravity of a uniform solid or hollow cylinder is the middle point on its axis.

Figure:  Centre of Gravity of Uniform Hollow Cylinder

Write a method to find centre of gravity of an irregular shaped body. (K.B+A.B+U.B)
ENTRE OF GRAVITY OF AN IRREGUL AR SHAPED BODY THIN LAMINA

A simple method to find the centre of gravity of a body is by the use of plumb line.

Plumb Line:

A plumb line consists of small metal bob (lead or brass) supported by a string. When the

bob is supported is suspended freely by the string, it rests along the vertical direction due

to its weight acting vertically downward as shown in figure. In this state, centre of gravity

of the bob is exactly below its point of suspension.

\ F.ng-lre .PL.meLﬂ.v *“l
X er m.:r_r]t - 1 "-“x — = () .

Following, ‘s *l e momoura \far Finding centre of gravity of an irregular shaped body

callzil thinlgmiria.!

g [ oTake an |negular piece of cardboard.

= Make holes A, B and C as shown in the figure near its edge.
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Result:

Plumbline
T

__awty \, .)' A

-
Crxc mg \//
J) line,

(a; - (h}
frighirel \ T¢, Find-Centre of Gravity of Thin Lamina

Fix & nail cri.a walll Stupport the cardboard on the nail through one of the holes (let it

| 102 A j.so'tat the cardboard can swing freely about A. the cardboard will come to rest

with its centre of gravity just vertically below the nail.

Vertical line from A can be located using a plumb line hung from the nail. Mark the
line on the cardboard behind the plumb line.

Repeat it by supporting the cardboard from hole B. The line from B will intersect at a
point G.

Similarly, draw another line from the hole C.

Note that this line also passes through G. it will be found that all the vertical lines
from holes A, B, and C have a common point G. this common point G is the centre
of gravity of the cardboard.

Centre of gravity of an irregular shaped body will be at the point of intersection

of vertical lines drawn with the help of plumb line.

Q.1

Ans:

Q.2

Ans:

4.6 SHORT QUESTIONS

Define centre of Mass. (K.B)
Given on page #152

Define centre of gravity.
Given on page #153

4.6 MULTIPLE CHOICE QUESTIONS

The force which is acting perpendicularly downwards towards the earth is called: (K.B)

(A) Torque (B) Weight

(C) Force of gravity (D)BothB&C

The point at which whole weight of the body appears to-ast ~s ¢a| Iej \r\ B

(A) Origin (B) Coiple, (v | A
(C) Centre of Gravity \ (DY Reterérice'peint N

The posmon of the centre, o cra\/lty aer er ds tpeii; (KB)

(A) Size 0 the hogy~ . \ \ B Snape of the body

(C) Weigint ol thelbody |

(D) Force of the body

Theceritre bf gravivy ot r,arallelogram rectangle, square is the: (K.B)

N

/\‘ Foin' of intaisection of the medians (B) Central point of axis
()L Toirit of intersection of the diagonals (D) Centre of parallelogram

The centre of gravity of a regular shaped body is always on its centre of: (K.B)
(A) Body (B) Symmetry
(C) Medians (D) Axis

PHYSICS-9 156



UNIT-4 Turning Effect of Force

6. The centre of gravity of triangle is the: (K.B)
(A) Point of intersection of the medians (B) Central point of axis
(C) Point of intersection of the diagonals (D) Centre of para"“|0(|ra 7
7. The centre of gravity of cylinder is the: (K.3) (
(A) Point of intersection of the mefians ¢ (B1 Certralpcint of axis
(C) Point of intersection o1 the .a:y)mh (LY Centre\of parabelggiam

E_'I“"" \ copprE — |
Q.1 l)m‘me ano ext Iu.n couple with examples. (K.B+U.B+A.B)

\ J ' :5-*.‘.;: COUPLE

| - Introduction:

When a driver turns a vehicle, he applies forces that produce a torque. This car turns the
steering wheel. These forces act on opposite sides of the steering and are equal in
magnitude and opposite in direction as shown in the figure:

Figure:  Itis easy to turn a steering wheel
by applying a couple

Definition:
“A couple is formed by two unlike parallel forces of the same magnitude but
not along the same line”.
Examples:
e While turning a car, the forces applied on the steering wheel by hands provide the
necessary couple.

e We apply couple while opening or closing a water tap.

e We apply couple while locking or opening the stopper of a bottle or a jar.
Explanation:
A double arm spanner is used to open a nut. Equal forces each of magnltudo F are appln
on ends A and B of a spanner in opposite direction as shown in flquru [l -

=3 . e

____-" ('v A ’
=AY~ L \
AR Y . |_ | .gur Fo n.*ro .ot Cougl ‘

These furces fa m'a couplﬂ Uit turns the spanner about a point O. the torques produced
o vbdth vor es vi-the couple have same direction. The total torque produced by the couple
o TN oY | x\n! DE;

W
[N Total torque of the couple = F x OA + F x OB
=F (OA + OB)
Torque of the couple =FxAB
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Q3

Ans:

The above equation shows that torque produced by the couple of forces F and F separated
by distance AB. -
Torqgue Due To Couple:

The torque of a couple is given by e proo ic ol re oi tha g farces md pupendlcular
distance between them.

Couple-Arn.: . .

The persendicilarar s& N e ‘1 betweer ~the two forces of the couple is called the couple arm.

84.7 SHORT QUESTIONS

Defne couple with some examples. (K.B)

Given on page #157

Give an example of a case when the resultant force is zero but resultant torque is not zero.
(K.B)

1%,

RESULTANT TOROQUE IS NOT ZER
In case of couple, two equal and opposite forces are acting on a same body but even then
the body rotates. In this case resultant force is zero but resultant torque is not zero.
Example:
While turning a car, the forces applied on the steering wheel by hands produce rotation in
the steering wheel.
How does couple work when a cyclist pushes the pedals? (K.B)

COUPLE IN PEDLING

A cyclist pushes the pedals of a bicycle. This forms a couple that acts on the pedals. The
pedals cause the toothed wheel to turn making the rear wheel of the bicycle to rotate.

4.7 MULTIPLE CHOICE QUESTIONS

When two equal, opposite and parallel forces act at two points of the same body,
they produce a: (K.B)

(A) Torque (B) Moment of a couple

(C) Force (D) Couple

While opening or closing water tap, a lock stopper of a hettlz oz j ar W“ anply ! K. B
(A) Couple (B) Weigny 7y T L el

(C) Single force \ — 7 (D) Mags | ' -

The perpendlicular distange bet\ venn he, I| ne'cf aur ion ' force &iid centre of rotation
and deneted by 1 iscallpd: ('( BJ\ :

(A) Ceritre, of o a\nt ARRY (B) Moment arm

(S) Lisplatemernt | — (D) Force

A 'T'r':'e__tc rse produced in a body due to a couple is equal to the product of one of the

rorces making couple and the: (K.B)
(A) Couple (B) Force
(C) Like parallel force (D) Couple arm
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3@

(K.B+U.B+A.B)

EQUILIBRIUM
STABILITY AND POSITION OF CEN

LONG QUESHANS

.1 What is equilibrium? Stete'and axslain the conditiond of equilikrium.
q

IRE WP

Introduicti¢n:

Nevwyon's fitst 14w'ol motion tells us that a body continues its state of rest or of uniform
ation-ina straight line if no resultant or net force acts on it. For example, a book lying
o d table or a picture hanging on a wall, are at rest. The weight of the book acting
downward is balanced by the upward reaction of the table. Consider a log of wood of
weight w supported by ropes as shown in figure below:

i !
iF ‘ F,
LT  Pul
i

1

Weight
W

Figure:  The Forces Acting on The Log are; Upward
Forces F;, F; And Its Weight w In The
Downward Direction

Here the weight w is balanced by the forces F; and F, pulling the log upward. In case of
objects moving with uniform velocity, the resultant force acting on them is zero. A car
moving with uniform velocity on a levelled road and an aeroplane flying in the air with
uniform velocity are the examples of bodies in equilibrium.

Definition:

“A body is said to be in equilibrium if no net force and no net torque acts on it.”
Mathematically:

YF=0.n 1)

ST=0eeereernnenen ()
Types:
There are two types of equilibrium _ e[~ L
e Static Equilibrium T AN (oo~
e Dynamic Equilibrium_—, ' '

Static Equilibrium:
“If a c**e:mor.ary bhody s, in e state, of uqm liridm then its equnlbrlum is called as
Static “FEauilibt |u" GLRITY \ i
Exampie:} | |} L
~, Aok qu Gra'taple and a picture hanging on a wall are in static equilibrium.
s DyrurkicEquilibrium:

J | IS Sif a moving body s in the state of equilibrium then its equilibrium is called as Dynamic

Equilibrium.”

Example:
A paratrooper coming down with terminal velocity (constant velocity) is in dynamic equilibrium.
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Q.2

Ans:

State and explain First Condition for equilibrium. (K.B)

FIRST NDITION FOR EQUIL IBRIUM
Statement: ; I
According to first condition for equilibrium: o ' =
“There should be no net force actlf.g, on the bogy, I nieans bw/ WI|| he in cquailibrium
if the resultant of all the for'ces acitg ¢n 1t is\zern™ | !
Mathematicallv:

M= &
Explar; w-(n L\ —
Let n numaer o1 fc, rdes Fi, Fats . , Fy are acting on a body such that
':_+F'ZTF3+ ...... +Fn
| ' YF=0
Tne Symbol > is a Greek letter called sigma used for summation. The first condition of
equilibrium can also be stated in terms of x and y-component of the forces on the body
as:
F]_X + F2X + F3X + ... + an = 0
And Fly + Fzy + F3y + .. + Fny =0
OR Y Fx=0

YF,=0
Examples:
Examples of bodies satisfying the first condition of equilibrium are given below:
. A book lying on a table or a picture hanging on a wall are at rest because no
net force is acting on them.

Figure:  An Example of Static Equilibrium

. A paratrooper coming down with terminal velocity (constant velocity)
experiences two forces

. His weight acts vertically downwards

. Up thrust of air (air resistance) acts vertically upwards

Both the forces cancel each other so no net force acts on paratrooper and he falls Wlth
constant velocity hence he follows First condition for equilibrium.

700 N

A e (_
st [T R 1 1
| VLY ;{5700 N
SIRR | i |gule An Example of Dynamics Equilibrium

When the 1st condition of equilibrium is satisfied, no linear acceleration is
produced in the body. But still in some cases body may have tendency to rotate and can
have rotational acceleration so we need Second Condition for equilibrium
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Q.3

Ans:

Q4
Ans:

State and Explain Second Condition For Equilibrium. (K.B)

ECOND NDITION FOR EQUILIBRIUM
Statement: e
According to Second condition for equilibriuin: - | [ (¢ -
“There should be no net_torqué_gcting-on the baoy.| It meons a wdy will be in
equilibrium if the resultant nf = ‘he forqlles 1clmlj r itis'zero”
Mathemsa! ICM

> 1=0
Expl Imm?_a.: A \
Cersider abpdi/inulled by two forces F; and F, as shown in figure:
F, F,
—fO - e—>

The two forces are equal but opposite to each other. Both are acting along the same line,
hence their resultant will be zero. According to first condition of equilibrium, the body
will be in equilibrium.

Now shift the location of the forces as shown in the figure.

F,
I P |

In this situation, the body is not in equilibrium although the first condition of equilibrium
is still satisfied. It is because the body has the tendency to rotate. This situation demands
another condition for equilibrium in addition to first condition of equilibrium.
Conclusion:

When the 1st condition of equilibrium is satisfied, no linear acceleration is produced
in the body. But still in some cases body may have tendency to rotate and can have rotational
acceleration so we need Second Condition for equilibrium. When the 2nd condition of
equilibrium is satisfied, then no rotational acceleration is produced in the body.

Define and explain the three states of equilibrium. (K.B+A.B+U.B)
STATES OF EQUILIBRIUM

There are three states of equilibrium: [ _- >\ (CAU
e Stable equilibrium O\ AN N [ o\
e Unstable equilibrium, I | :
. Neutral equmbrlun Werinila
- \ STARBLE EQUII |_:<
Defml*lm Y le - \ -

A hody s said! to in stk equnlbrlum if after a slight tilt it returns to its
preyious positign.? |\ -

s Paozition of \(Ceritie of Gravity:

Wiieh Gody is in stable equilibrium, its centre of gravity is at the lowest position. When it
IS tilted, its centre of gravity rises. When applied force ceases to act the body returns to its
stable state by lowering its centre of gravity. A body remains in stable equilibrium as
long as the centre of gravity acts through the base of the body.
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Explanation: ;
Consider a block as shown in figure. When the block is tilted, its centre-of gravity-is-, |

rises. If the vertical line through G passes through its base in the-tiltzd| p‘sbl*ion tlhe black
returns to its previous position. If the vertizal line thr“ugr. G geis cut it bﬂse 17 nces not
return to its previous position,

— e

. " /Q_ _ .
' 2 .F-—n?i -.‘/' \\.‘ l

X O _ - G. . G
HERT
A/ ES

(a) (b) (c)
Figure: An Example of Stable Equilibrium
It topples over its base and moves to new stable equilibrium position. That is why a vehicle
made heavy at its bottom to keep its centre of gravity as low as possible. A lower centre of
gravity keeps it stable. Moreover, the base of the vehicle is made wide so that the vertical
lien passing through the centre of gravity should not get out of its base during a turn
Examples:

Table, chair, box and brick lying on a floor are in stable equilibrium.

NSTABLE EQUILIBRIUM

=

Definition:

“If a body does not returns to its previous position when sets after a slightest tilt
is said to in unstable equilibrium.”
Position of Centre of Gravity:
The centre of gravity of the body is at its highest point in the state of unstable
equilibrium. As the body topples over about its base, its centre of gravity moves towards
its lower position and does not return to its previous position.
Explanation:
A pencil is made to stand in equilibrium on its tip as vertically upward on a table.
When it is set free, the pencil topples over about its tip and falls down. The body (Pencil)
may be made to stay only for a moment. Thus a body is unable to keep itself in the state
of unstable equilibrium.

—.—l—. - % S

Exammcs | o~
o A stk standnc vert ic! ujy 8 \thn t.p of a flnger and a cone standing on the tip of a
flnger Qe Injuristable’ eciibrium
- NEUTRAL EQUILIBRIUM

"'L‘g"!m::ou'u:

“If a body remains in its new position when disturbed from its previous position, it is
said to be in a state of neutral equilibrium.”
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Q5

Ans:

Position of Centre of Gravity:

In neutral equilibrium, all the new states in which a body is moved are.tke. stablestaizs
and the body, remains in its new state. In neutral equilibrium.the | e nf gravil y 01 2
body remains at the same height, irrespectiviz ¢;f its nevs prosition;

Explanation: _ AR _
A ball lying on a horizontz| tur‘uu G <ncv'\h In fiuu e. F‘oH tac'bail bver the surface and
leave it-afieil displacing fromuths Lrey. ,0Uz-positien: it remains in its new position and

does nGteiurn|to iis previous esition.
Y =

Figure:  An Example of Neutral Equilibrium

Examples:
A pencil, a sphere, and cylinder, a roller, an egg lying horizontally on a flat surface are

examples of neutral equilibrium

How Stability and Position of centre of mass are related to each other?
(K.B+A.B+U.B)
STABILITY
Definition:
“Stability refers to the ability of an object to regain its original position after it

has been tilted slightly. »

Factors:

Within uniform gravitational field stability of a body or system depends upon:

e The position of its Centre of Mass or Centre of Gravity

e To make the objects stable, their Centre of mass or Centre of Gravity must be kept as low
as possible. It is due to the reason, racing cars are made heavy at the bottom and their
height is kept to be minimum.

Examples:
Here are few examples in which lowering of centre of mass makes the objects stable.

These objects return to their stable states when disturbed. In each case centre of mass- el

vertically below their point of support. This makes their equilibrium Um‘)le _ |
e Circus artists such as tight rope walker 4 Iong poles-to 16+ ner her~r r*et?ue ')f Pniss) i
this way they are prevented fro. *opple OVEr. 1\ - \ '

Figure:  Role of Centre of Mass in Stability

e Figure shows a sewing needle fixed in a cork. The cork is balanced on the tip of the
needle by hanging forks. The forks lower the centre of mass of the system.
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Q.1
Ans:

Q2

Ans:

e\
|- ya — %

LA L Figire: | A-Medaie is Made to Balance at Tip

e Fligute I oW’ a perched parrot which is made heavy at its tail. Figure shows a toy that

| v keaps-iselt upright when tilted. It has heavy semi spherical base. When it is tilted, its

- centre of mass rises. It returns to the upright position at which its centre of mass is at
the lowest.

N\
S~
o 7
(a) (b)

Figure:  Stability of Different Objects

4.8, 4.9 SHORT QUESTIONS

Can a moving body be in equilibrium? Explain. (K.B)
A MOVING BODY IN EQUILIBRIUM

Yes, if a body is moving with uniform velocity then the body is in equilibrium because
neither linear nor rotational acceleration is produced in the body.
Dynamic Equilibrium:
“If a moving body is in the state of equilibrium then its equilibrium is called as Dynamic
Equilibrium.”
Example:
A paratrooper coming down with terminal velocity (constant velocity) is in dynamic equilibrium.

Can a body be in equilibrium if it is revolving clockwise under the action of a single force?
(K.B)

EQUILIBRIUM WHILE ROTATION =1~ f |
No, the body will not be in equilibrium becayse second.coiiuit .')n or the: en il brl I T
not be fulfilled. Since smgle torqu:can ne\ver beizéro\end rnta*lunal ACoeleration will be
produced. Therefore we cin say th=ta oy cannbt! be equlrbrrurr Under the action of a
single toraute, \
How do e kraw w ntmr axba\y it |n a atable or unstable equilibrium due to
posmon cf |t< e tI° ofqra yity~{K.B)

TATE FEQUILIBRIUM

1F 2Ffer us u*bance the centre of gravity of the body is raised up as compared to the
itz position then the body will be in the state of stable equilibrium and if after

disturbance, the centre of gravity of the body is lowered down as compared to the initial
position then the body will be in the state of unstable equilibrium.
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Q.4  Why are vehicle made heavy at the bottom? (K.B)

Ans:

Q.5
1.

Ans:

Ans:

AnNs:

AnNs:

- Ty
= [ SR |
W[
RN IR AY
WY I
[, -
N A"
1

HEAVY BOTTOM

Vehicles are made heavy at the bottom. This lowers thelr centre ofy| dv..\/ and 1ﬁ5|p fo} 114

increase their stability. \ | 7
(QU!LKQLIL PC#19) \ I I- "_,.ﬂ !

Figure: A Ladder Leaning At Wall

LADDER IN EQUILIBRIUM

Ladder is in equilibrium because it satisfies second condition of equilibrium.
The weight of the an anticlockwise torque. The wall pushes the ladder at its top end
thus produces a clockwise torque. Does the ladder satisfy second condition for
equilibrium?
ECOND NDITION
Yes, it satisfies second condition of equilibrium because both torques are equal in
magnitude but opposite in direction.
Does the speed of a ceiling fan go on increasing all the time?
CEILING FAN
Speed of ceiling fan does not increase all the times. At acquiring maximum speed it
moves with uniform speed.
Does the fan satisfy second condition for equilibrium when rotation with uniform
speed?
ECOND NDITION
No, it does not satisfy the second condition of equilibrium. Because it neither in the state
of rest nor moving with uniform velocity.

! =2 [
- i "H.. "y -'. [ P
A block of weight 10 N is hanging througiia cord as, ":-owfr‘m w‘;u-re’o{ ,Lov' _.’.*:P‘rmne
tension in the cord. (U.B+A.B) () A LR AR YA
_x i ..\v.-. == [II I'I._l. ..l 1 B --. --\._ . ._..__-
s " (Y ™

Figure:  Tension in the String
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Solution:

Given Data:
Weight of the block =w = 10N

To Find:

Tension in the cord =T+="?
Calculations:
Agp"‘ 'mg f|r°* eonditicn ior eqL |I|hf|u.u'. !

l\( 0 L

There, i rio fcrrc._= ocw'g along x-axis

| %
or

YF,=0
T-w=0
T=w

Putting values

Result:

T=10N

Hence, the tension in the cord will be 10 N.

EXAMPLE 4.6

A uniform rod of length 1.5 m is placed over a wedge at 0.5 m from its one end. A force of
100 N is applied at one of its ends near the wedge to keep it horizontal. Find the weight of
the rod and the reaction of the wedge. (U.B+A.B)

R
A 0 G

v F Yw

0.5m fA0.25m—— 075m

Figure: A Rod Balanced Over a Wedge

Solution:

Given Data:
Applied force on the rod = F = 10N
Moment arm of applied force = OA = 0.5m
AG=BG=0.75

To Find:

Weight of the rod = w-7 RIRPR

Moment arm of Welght of T'lc rod —OC 75 75 O 5- U 45 m ' -

&

R,“uct Ciot tile Ne'iue ‘“R\R
Calculétigns: AN
Fror Fijjuie, almve (T

>t=0
FxAO+Rx0—wxOG=0
100N x0.5m—-wx0.25m=0

SN | CiNzplying second condition for equilibrium, taking torques about O.
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Or wx0.25m=100x0.5m
_ 100N x0.5m ’
~0.25m
w = 200N~ )
Applylng first conoltl n for equ Ill“rl )
' 5 0

LB SF-w=0
“R-100N-200N=0

or R =300N
Hence, the weight of the rod is 200 N and reaction of the wedge will be 300 N.
4.8,4.9 MULTIPLE CHOICE QUESTIONS
There are how many conditions of equilibrium? (K.B) (LHR 2013)
(A)1 (B)2
(€)3 (D) 4
When the sum of all the force acting on a body is zero or the object is moving with

uniform velocity then it will be in: (K.B)

(A) Rest (B) Motion

(C) Equilibrium (D) None of above

According to First condition of equilibrium, the sum of all the forces acting on the
body should be: (U.B)

(A) Positive (B) Zero

(C) None (D) All of above
First condition of equilibrium is represented by: (K.B)
(A)ZF=0 (B) XFx=0
(C)YF,=0 (D) All of above

According to Second condition of equilibrium, the sum of all the torques acting on
the body should be: (U.B)

(A) Positive (B) Zero —
(C) None (D) All of above o | [~ | || \'—
Second condition of equilibrium is repre »entedb /.!\ B NN [ (O o~
(A)2t=0 \ CBFEL L
(C)Botha &b YaiR 1N (C\Al of ilbo('e"
Sigma . is| the CreeK ietter-which is\usea to repiesent: (K.B)
(A) Aaision ! v UL TN (B) Subtraction
(©) Muttipfiatipn| | | i (D) Division

~, There are Now |n;ny states of equilibrium? (K.B)

WA (B) 2
) 3 (D)4
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9.

10.
11.

12.
13.
14.

15.

16.
17.
18.
19.

20.

o)

The equilibrium in which the body comes back to its original condition when set
free after slightly lifting from one side is: (K.B) : -
(A) Stable equilibrium (B) Unstable equit i'u'riun

(C) Neutral equilibrium - | (D)Nciie (f abev

The equilibrium in whigin' the Bady aoes not'c¢ms bacr W0 IS orlglnal condition
when set free after sliahtly I ﬁ'mg rain une sige IS KBy

(A) Stabl eqUtHETIUM Sj Unstable equilibrium

(C) NeCtralequilipriury | '\ ) =" (D) None of above

The type o1 equilibrium in which after disturbance, the body again comes to rest
nusiticn and center of gravity remains unchanged: (K.B)

{A) Stable (B) Unstable

(C) Neutral (D) None of above

In Stable equilibrium, the centre of gravity than the original position is: (K.B)
(A) Raised (B) Lowered

(C) Remain same (D) All of above

In Unstable equilibrium, the centre of gravity than the original position is: (K.B)
(A) Raised (B) Lowered

(C) Remain same (D) All of above

In Neutral equilibrium, the centre of gravity than the original position is: (K.B)
(A) Raised (B) Lowered

(C) Remain same (D) All of above

When an object is resting on the smooth horizontal surface, the weight of the object
is balanced by: (K.B)

(A) Normal Reaction (B) Torque

(C) Friction (D) Couple

A meter rod on a wedge is an example of: (K.B)

(A) Stable equilibrium (B) Unstable equilibrium

(C) Neutral equilibrium (D) None of above

A book lying on the table is an example of: (K.B)

(A) Stable equilibrium (B) Unstable equilibrium

(C) Neutral equilibrium (D) None of above >

Motion of the football on the ground is an example of: (KB *, | | H_ ) -

(A) Stable equilibrium ' (‘3\ Linstahle i#q uI brium/ | e

(C) Neutral equilibrium — (D) Nor\e i ahoe,

What is of 2 racing car is keo‘ Ir;v\ tQ mdkv its sta;j'e ? U<B)

(A) Widtn, | - . \ \\_ 183 Height

(©) Lergn BARERLIER : (D) Weight

If ths centre\of' -gra ity (rf die body is below the fulcrum then the body will be in: (K.B)
(A Stahee gouiorium (B) Unstable equilibrium

?( >yMeutral equilibrium (D) None of above

The torque in ceiling fan rotating at constant speed is: (K.B)

(A1 (B) 2

©o (D) Maximum
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MCQ’S ANSWER KEY (TOPIC WISE) .

4.1 LIKE AND UNLIKE PARALLEL F9Q ﬁﬁ

4.2 _ADDITION\OFFQRCES
E‘éfj%'[(llim}
UTION OF FORCES

4.4 TORQUE OR MOEMENT OF A FORCE
4.5 PRINCIPLE OF MOMENTS

4.6 CENTRE OF MASS, CENTRE OF GRAVITY,

D C B C B A B
4.7 COUPLE

D A B D

4.8 EQUILIBRIUM

4.9 STABILITY AND POSITION OF CENTRE OF MASS

1\2\3
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TEXT BOOK EXERCISE —

4.1
I.

Vii.

viil.

4.2

Ans:

MULTIPLE CHOICE QUESTIONSHES

Encircle the correct answer from_the giviznichaicss:
Two equal but unlike parzilel forces having, difiersritlire vf acti on pruduces (K.B)

(GRW 2017)
(a) Torgue _ i eb)ceugie
(c) Equitmliuy . ~(d) neutral equilibrium
The nunlier ¢f for(es that ¢aii be added by head to tail rule are: (K.B)
(@2 | (b)3
4q) 4 - (d) any number
The number of perpendicular components of forces are: (K.B) (LHR 2013)
@1 (b) 2
(c)3 d) 4

A force of 10 N is making an angle of 30° with the horizontal. Its horizontal
component will be: (U.B+A.B)

(@ 4N (b)5N
(97N (d)8.7N
A couple is formed by: (K.B) (LHR 2017)

(a) two forces perpendicular to each other

(b) two like parallel forces

(c) two equal and opposite forces in the same line

(d) two equal and opposite forces not in the same line

A body is in equilibrium when its: (K.B) (LHR 2017)
(a) acceleration is uniform (b) speed is uniform

(c) speed and acceleration is uniform (d) acceleration is zero

A body is in neutral equilibrium when its centre of gravity: (K.B)

(@) is at its highest position (b) is at the lowest position

(c) keeps its height if displaced (d) is situated at its bottom

Racing cars are made stable by: (K.B)

(a) increasing their speed (b) decreasing their mass

(c) lowering their centre of gravity (d) decreasing their width

ANSWER KEY
R

a d by | e
Define the following: (K.E)) | / /"

C

:fﬁw Lu o

(i) ffesfuliant vector, |, \ :
AR * "RESULTANT FORCE

I tlcn

_ A Tresultant force can be defined as:
“A resultant force is a single force that has the same effect as the combined effect of all
the forces to be added”.
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Ans:

(iv)
Ans:

NNR

D

Fy

= \ A ¢ " ~
: | Figure/ |Firlding Resiiltes, Foice.
(i) “Thrque(K3 +TL.E),

TORQUE
Defiition: | \
“Theiturring effect of a force is called torque. It is also called Moment of Force”.
" Jl ruia;
Moment of Force (Torque) is denoted by Greek letter “7” and its formula is given below:

Torque = Moment arm x Force

1T=FxL

Unit:
In the system international, the unit of torque is Newton meter (Nm). A torque of 1 N'm
is caused by a force of 1 N acting perpendlcular to the moment arm of 1m long.

INm = 1 kgm?s™
Quantity:
Torque is a vector and derived quantity.
Examples:

Common examples of Torque are as follows:

e Turning pencil in a sharpener

e turning stopcock of a water tap
(iii)  Centre of mass(K.B)

CENTRE OF MASS

Definition:

“Centre of mass of a system is such a point where an applied force causes the
system to move without rotation.”
Example:
Consider a system of two particles A and B connected by a light rigid rod as shown in
figure below:

A B
O
b !
Figure:  Centre of Mass of Two Unequal Masses” ' -IH <= 1y

Let O is the point anywhere betwesn A and B <uchitar theforce, I~ it cop ied pomt O
as shown in figure above. ifihe system proves) i theldirectior, 0f fo ot F Wlthout rotation,
then point O is the centre of rass, OF th e &) st‘m | 3 /
Centre-'*fG aV|tv ﬂl{ B, v o T

. CEI\\RI?E OE-GRAVITY
Def|n|t.0r |

“A| pom body Where the weight of the body appears to act vertically

| N !h Wnwald i3 aIIed the centre of gravity.”
Al -Pos won of Centre of Gravity:

The centre of gravity can exist inside a body or outside the body. Position of the centre of
gravity depends upon the shape of the body. A body is balanced when it is supported at
its centre of gravity.
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Ans:

Examples:

e The centre of gravity of a uniform rod lies at a point where it is balarv:;d The balarice

point is its middle point G

Ceﬂe{_rq&w y

r— -1 j"‘"‘“‘""‘"‘T'—"“ ]

A e S = i i
v -
ww

—, ] L Wigdre:l  {entresi

v L b

Gravityssi 'Uniform Rod

I L VN T . W

Differentiate tihe Fcllcwing. | (K.E)
(i\ L.ike and uniik2 parallel forces

(GRW 2017)

DIFFFERENTIATION

Ll kb and unllke parallel forces can be differentiated as:

Like Parallel Forces

Unlike Parallel Forces

Definition

e Like parallel forces are the forces that
are parallel to each other and have the
same direction.

e Unlike parallel forces are the forces
that are parallel but have direction
opposite to each other.

Example

e Consider a bag with apples in it. The
weight of the bag is due to the weight of
all the apples in it. Since the weight of
every apple in the bag is the force of
gravity acting on it vertically
downwards, therefore, weights of apples
are the parallel forces. All these forces
are acting in the same direction. Such
forces are called like parallel forces.

e Suppose an apple is suspended by a
string. The string is stretched due to
weight of the apple. The forces acting
on it are; weight of the apple acting
vertically downward and tension in the
string pulling it vertically upward. The
two forces are parallel but opposite to
each other. These forces are called
unlike parallel forces.

(i)  Torqgue and Couple (K.B)
DIFFFERENTIATION
Torque and couple can be differentiated as:
Torque | Couple
Definition

e The rotational effect of a force is
measured by a quantity, known as

e A couple is formed by two unlike
parallel forces of the Same magsii: ld

G bﬂJ{%ﬁ

{a).—

(o

torque. __but not along tig'same” ine, | Ll
~ it A\ WY (G0
e Slunitoftorqueis N, =4~ 1 e\ St unit of Golipee ig G vvton (N)
— _ FAR Hg arg -
| Flyce - TR —
A o |
4\ AN J=T% \ ]

(=
. )
Force Figure:  Couple on Steeri
Figure: Torque in Spanner lgure:  L-Ouple on oteering
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(ili)  Stable and Neutral Equilibrium
Ans: DIFFFERENTIATION . i -
Stable and neutral equilibrium can be differentiated as: - L
Stable Equilibrium ‘ﬂﬂfmm
— J_Definitipr | '

e A body is said |t¢ v Staplg e | \Iflal chy remains in its new position
eosiliorium if afier, a Rlignt| tilt, v’ | Wwhen ™ disturbed from its previous
recens to tts sievious\onsiiion: position, it is said to be in a state of

VAPV AR A T neutral equilibrium.
_________ Position of Centre of Gravity
w (TN W body is in stable equilibrium, | ¢ In neutral equilibrium, the centre of
. J [ % its centre of gravity is at the lowest gravity of a body remains at the same
position. When it is tilted, its centre height, irrespective of its new position
of gravity rises. When applied force
ceases to act the body returns to its
stable state by lowering its centre of
gravity. A body remains in stable
equilibrium as long as the centre of
gravity acts through the base of the body.
Examples
e Table, chair, box and brick lyingona | e A pencil, a sphere, and cylinder, a
floor are in stable equilibrium. roller, an egg lying horizontally on a
flat surface are examples of neutral
equilibrium.
4.4  How head to tail rule helps to find the resultant of forces? (K.B + U.B)
Ans: HEAD TO TAIL RULE
Draw the representative lines of all the force to be added in such a way that head of first
force coincides with the tail of second force, head of second force coincides with the tail
of third force and so on. The line obtained by joining the tail of first force with the head
of last force represent resultant force.
D
Fs
C ) | ; -
A /'Fz \
.ﬁ_l _:_"i?-_"l-'t . b -
.J: \ = ,,'| ) .Flgu:c\\;%m‘qﬂl;t_aut Force
4.5 How ca ¢ for; cn be're: sohaeGinto its rectangular components? (K.B + U.B)
Ang: J $ea Q. na. 1 f.ong-QYuestion TOPIC 4.1
\ J ghe | Wncn a body is said to be in equilibrium? (K.B)
W el EQUILIBRIUM

Definition:
“A body is said to be in equilibrium if no net force and no net torque acts on it.”
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47
Ans:
4.8

49
Ans:

4.10

Ans:

SO
ANS:

Mathematically:

ﬁ.rl1.;:

Types:

There are two types of equilibrium™

o Static Equilibrium

° Dy"o*mc Equilibrium

Explain e iirsicongition for.egu lithri My (K.B + U B+ AB)
See Q. (1012 Lohg Qlestipn| TORIC-4.3

Whay there is\nked ni-second condition for equilibrium if a body satisfies first

(mdmon {pir £quitibrium. (K.B + U.B)
NEED FOR SECOND CONDITION
Consider a body pulled by two forces F; and F, as shown in figure.

F, F,
D o e @

The two forces are equal but opposite to each other. Both are acting along the same line,

hence their resultant will be zero. According to first condition of equilibrium, the body

will be in equilibrium.

Now shift the location of the forces as shown in the figure.

In this situation, the body is not in equilibrium although the first condition of equilibrium
is still satisfied. It is because the body has the tendency to rotate. This situation demands
another condition for equilibrium in addition to first condition of equilibrium.
Conclusion:

When the 1st condition of equilibrium is satisfied, no linear acceleration is produced in the
body. But still in some cases body may have tendency to rotate and can have rotational
acceleration so we need Second Condition for equilibrium. When the 2nd condition of
equilibrium is satisfied, then no rotational acceleration is produced in the body.

What is second condition of equilibrium? (K.B + U.B)

SECOND CONDITION FOR EQUILIBRIUM

According to Second condition for equilibrium:

Statement:

“There should be no net torque acting on the body. It means a body will be in equilibrium

if the resultant of all the torques acting on it is zero”

Mathematically: P
>1=0 L

Give an example of a moving body which M in equih 3 um ('( B) 5\ o™=

If a body is moving with uUnivorm \/',.ocuy *her “he badyis in' eomlrorlum because neither
linear nor retational accpleiatro nis preo uc“d in tne um‘\ -

Dynariic Lguhmmm ' \
“If amgving hady s in he rta e ot Wlu||lbl’lum then its equilibrium is called as Dynamic
Equilibrium; ™! A

- _I'_'M:I'L

A\ paalruciser comlng down with terminal velocity (constant velocity) is in dynamic equilibrium.

i hlnk of a body which is at rest but not in equilibrium. (K.B)
BODY AT REST

A ball thrown upward becomes at rest at the top. At this state it is not in equilibrium
although it is at rest.
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4.12  When a body cannot be in equilibrium due to a single force on it?(K.B)  (LHR 2015)
Ans: THE ACTION OF SINGLE FORCE
No, the body will not be in equilibrium because first condition of the t\%u-' hrium v i1 rint
be fulfilled. Since single force can never be-zero and linearacegleralion wilh be prafiuiea:
Therefore we can say that a body cainot be eGuitihriurn undér the-actinri.of 2cingie force.
4.13  Why the height of vehiclzs'is keut2s low as'cossilile?K B)
Ans: HEIGHTICr RAZCING CARS
We knov/| that smallér the heigat of | ceritie._of gravity of a body, greater will be its
stability=Tne hziciii of vehitlesis kept-lowto lower their centre of gravity and as a result
their stablmv increases)
4.14 . Txplair, vvhav lisinigant by stable, unstable, and neutral equilibrium. Give one
_ ayampin'in'each case. (K.B)
AT "SeeQ. no.4 Long Question TOPIC 4.8
NUMERICAL PROBLEMS (U.B + A.B)
4.1  Find the resultant of the following | 4.2  Find the rectangular components of a
forces. force of 50 N making an angle of 30°
(i) 10 N along x — axis with x — axis.
(if) 6 N along y — axis (GRW 2015)
(iii) 4 N along negative x — axis Solution:
Given Data: Given Data:
F, = Net force along x-axis = 10 N — Force = F = 500N
AN=6N Angle =6 =30
F, = Force along y-axis = 6 N To Find:
Required: Horizontal component of force = F, = ?
Magnitude of the resultant force = F Vertical component of force = Fy =7
=9 Calculations:
Direction of the force = §="? As we know that
Solution: Fx=F cosf
> By putting the values, we have
F=(F+R F, = 50 X cos 30°
Fo 6)2+(6 Fx =50 x 0.866
Fx=43.3N
F=+/36+36
Also we know that
=728 Fy=Fsin® _
F F =HEXIN 0T | L
_ 17y y v i s
6 =tan = . Fy=5U LO_J CAlS
N =¥ -23I\_—|
0 =tan" 18 A 1 : l—
--_b_ o~ -._-Rﬂfu_lr —
o=tary \\ () | VAL \ ~|| Hence, the horizontal and
=450 1\ A\ AL T vertical component of force
_R=€=:=-;t1- T o -
l- Hnnﬂ,, -ihe resultant Force is
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4.1 Find the magnitude and direction of

a force. If its x — component is 12 N
and y — component is 5 N. (GRW
2013) )
Solution: ..

Givén Date )
= 12N
. ¥(|-+ corporient i the force = Fy=5N

<To Find:
Magnitude of the resultant force = F =?

X — comyicnei ot the Torce =7

Direction of the resultant force = 6 =?
Calculations:
According to Pythagoras theorem

F=F+F]
By putting the values, we have
J(12)* + (5)°
J144+2

169
3N

ol ~

F
F
F
F

[

We also know that

F
0=tan* L
F

X

By putting the values, we have
f=tan™ S
12

0 =tan 10.4166
0 = 22.6° with x-axis

-

Result: _
A L] .--L-'. _-.“"' .—-'_‘._- —
Hence, the, niagriitude! ol the| resuliant
forcewi'l be 13 N ‘and 'direction of the
- 'd_|rl‘:$:-|ll'e;_;-r*_t force'will be 22.6° with x-

J BN X1t

42 A force of 100 N is applied
perpendicularly o 4" spenne:r & a
distanze-of L2, ca fram a\nutEina

W t.c»n,]uo: praauced by the rofr.ce.
Given Data:
Force acting on spanner = F =100 N
Distant fromnut=L=10cm=0.1m
To Find:
Torque produced by the force=t="?
Calculations:
As we know that
T=FxL
By putting the values, we have
t=100x 0.1
=10 Nm
Result:

Hence, the torque produced by the force
will be 10 Nm.
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45 A force is acting on a body making | 4.6  The steering of a car has a radius 16
an angle of 30° with the horizontal. cm. Find the torque produces oy 2\
The horizontal component of force couple f?f.S_'i"!'.-._- "y _ '_ (AN,
is 20 N. Find the force. ) ‘SRR ' -
Solution: . Sclutiery:
Given Diata’ - MR .~ Given Data:
Horizéntai, clinporierit bf the force = Force of the couple =F =50 N
F 5200 ' \ Radius of the steering = r = 16cm
J I'. y \ | |_4_ \Agle formed with the horizontal = 0 COUp.le arm=d=AB=32cm=0.32m
- ~=30° To Find:
> Torque produced by the couple =1="7?
A Calculations:
As we know that
. Fy r =Fx AB
L By putting the values, we have
o - t=50x0.32
SR 1=16 Nm
MO Remantforee Result:
To Find: Hence, torque produced by the couple
Force applied = F = ? will be 16 Nm.
Calculations:
As we know that
Fx = F cosf
So F= F
cosO
By putting the values, we have S
20 y [[~= 4 (L
c0s30° ~ .. . v f . Syt
F= 20 __ \( O ) J
- 1 10.866— | \§
&k doen 4 2a) N TS |
JI . [‘-._i--l‘ef.-ge',"ltne ;bplied Force will be 23.1
\ “ N.
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4.7

AN _-

Or

A picture frame is hanging by two
vertical strings. The tensions in the
strings are 3.8 N and 4.4 N. Find
the weight of the picture frame/ )
Solution: |
Giveri Detal

Tensiol if: the!firs: s]‘rif.g = =B8N
efioniin'the sezohd siring=T,=4.4N
e

'Weight of the picture frame =w ="?
Calculations:

From first condition of equilibrium,
we have

YFy,=0

Sum of downward forces = Sum of
upward forces

wW=T;+T;

By putting the values, we have
w=38N+44N

w=82N

Result:

Hence, weight of the picture frame will
be 8.2 N.

\ " _Bére, the tension in upper string will be

48 Two blocks of 5 kg and 3 kg are .
suspended by the twe—strings—aie-" |
shown. Find the-tensiori-inach s fing.

S5kg
3kg
Figure: To Find Tension in the String
Solution:
Given Data:

Mass of upper block =m; =5 kg

Mass of below block = m;, = 3 kg

Weight of the upper block = w; = m;g

=5x10=50N

Weight of the below block = w;, = myg

=3x10=30N

To Find:

Tension in upper string =T, = ?

Tension in lower string =T, = ?

Calculations:

From second condition of equilibrium,

we have

YFy=0

Tension in the lower string = weight of

the lower block

To=ws

T,=30N

Tension in upper string = weight of _

lower block + weight of-sppar blosk, /.

Ti=wy +._\_No_ -, I gl 'k.
\ TSN 3NY [ (O o~

Or

_'}.I'_éé::u.'it__ b -

80 N and tension in lower string will be
30 N.
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J, .:'

4.9 A nut has been tightened by a force
of 200 N using 10 cm long spanner.
What length of spanned is required | .
to loosen the same nut with 150/ N |-
force? -\ (
Solutior.|
GivenDiia:| |
mifl fohcellkeai sigliening = F; = 200 N
Ifiiilal-ioment arm of the force used
for tightening=L; =10cm=0.1m
Second force used for loosen = F, =150 N
To Find:
Second moment arm for loosen= L, = ?
Calculations:
According to second condition of
equilibrium, we have
Y1=0

Or Clockwise torque = Anticlockwise
torque
FoxL,=F x Ly
150 x L, =200 x 0.1
L,= 200x0.1

150

L, =0.133 m
L, =13.3cm

Result:

Hence, the length of spanner to
loosen the nut will be 13.3 cm.

410 A block of 10 kg is suspended at a
distance of 20 cm frem trie cenire i)
uniform -ba'."ﬂ:-n.‘ -Oﬁ-'léf What foreais

| requireditg balance it af its centre of
g."a'yil'v' hy &pplvirg the force at the

! other end of the bar?
Solution:
Given Data:
Mass of block = m = 10kg
Weight of the block = w = F;= mg =
10x10=100 N
First momentarm=L; =20cm=0.2 m
Second momentarm =L, =50cm =0.5m
To Find:
Second force = F, =?
Calculations:
According to second condition of
equilibrium, we have
>1=0
Clockwise torque
torque
FoxL,=Fi xL;
F,x05=100x0.2
_100x0.1
050
F,=40N
Result:

Or Anticlockwise

F,

i L y |
1 | o i L1
| RN

r, 3 N, e
— LR S PR

[._H',_ér_ic'q, \the| farke | required_tg—oalance

/| l=niip r‘n";rd‘-:{' will'lbe 40 N,

| ], —
i ! | =
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UNIT-4 Turning Effect of Force
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SELF TEST N
Time: 40 min. L1 \MAKs ) 25
Q.1 Four possible answers (A) (B), (C) &' (D) to (’a(} q' ﬁst Gn ars Jiven, \inark” the
correct answer. —A A \ VoL | (6x1=6)
1. If the direction of paraMel fcpces i same, therthese-are called:
(A) Sara= torces - T . IR R ('B) Like Parallel forces
(C) Unlike Raraile; fqrtei" ) ' (D) All of above
p2 | Hunipgeffestoia force is called:
|| £A) Torque (B) Moment of a force
(C) Couple (D) Both (A) and (B)
3. The force which acts perpendicularly down towards the earth is called:
(A) Torque (B) Weight
(C) Force of gravity (D)BothB&C
4. When two equal, opposite and parallel forces act in the same line, they form a:
(A) Torque (B) Moment of a couple
(C) Force (D) Couple
5. First condition of equilibrium is represented by:
(A) XF=0 (B) 2Fx=0
(C)XF,=0 (D) All of above
6. A pencil lying horizontally is in:
(A) Stable equilibrium (B) Unstable equilibrium
(C) Neutral equilibrium (D) None of above
Q.2  Give short answers to following questions. (5x2=10)
i. Differentiate like and unlike parallel forces.
ii. Find a force from its perpendicular components.
iii. Why handle of door is kept at its outer edge?
iv. State principle of moments. ~
v. Why do we need second condltlon for rqulllbrlunﬁ Y e
Q.3 Answer the following questions in gJeta" BIARRIRER! R N (4+5=9)

a) Define and Explain Rexolit! or. of = )rces _
b) A 1u§.| as\kaarn tlgb*onoc b\' a‘{ch f 20r N usmg 10 cm Iong spanner. What length
of a spamel |s re qurﬂd t 1osen the same nut with 150 N force?

-~ INote|
NI

P yiants-or guardlans can conduct this test in their supervision in order to check the skill
of students.
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