TURNING EFFECT
OF FORCE

KIPS MULTIPLE CHOICE QUE
ts of

qction are different but s

L. If a_nflmber of forces act on a body such that their poin own 85— forces:
of action are parallel to each other then these forces ar¢, . d) None of above
a) Same Parallel c) Perpendictar " lled —eemrreeneee N
2. If the direction of parallel forces is the sam¢, then these
forces: :
) ; d) All of above
a) Same \bﬁdike Parallel _ ¢) Unlike Par;:”ecl are cgllcd _______________ k!
3. If the direction of parallel forces is the opposite, then these &
forces:
' ; d) All of above
a) Same b) Like Parallel .\Anhke Parallel )
4. Addition of vectors are done by: |
\a')/IL{ead to tail rule b) Left hand ru e)
¢) Right hand rule d) None of above
S. Component of a vector acting along the x — axis I3 called:
a) X — component b) horizontal component
¢) vertical component df{l.)ot.h aand b
6. component of a vector acting along the'y = axis s called:
a) x — component b) horizontal component
f/ﬁertical component d) both a and b
e Value of sin 30" i
0.5 b) 0.866 ¢) 0.707 d) none of them
8. During rotation the particles of the body rotate along fixed circles. The straight line
joining the centres of these circles is known as:
a) Parallel line bfAxisofrotation  c)Botha&b *  d)None of above
9. The rotational effect of a body is measured by a quantity known as:
a) Acceleration b) Velocity ¢) Displacement dJ Torque
10. The rotation produce(}in a body depends upon ----------- factors:
a) | . b) 2 c)3 d) 4
11. Torquel1s a -----------;;-/qmntity:
a) Base bJ Vector ¢) Scalar d)B
12.  The direction of torque is determined by rule: hELLE b
a) Left hand. . ﬁ’ﬁlght hand c)Botha&b d) None of ab
13.. If the rotation is produced is anticlock wise directi above
o wise direction then the to i
. Positive b) Negative ¢) Opposit rque is taken as:
14.  If the rotation is produced is clock wise djr t_pP051 e d) Perpendicular
a) Positive Negative (;colon then the torque is taken as:
% . ¢ C . S
o :ccgl;(:llngttl:) right hand rule, if ---me-o-... is algﬁ;)s:;]e d) Perpendicular
en . 5o ' ec ,
‘gﬁmatim e thumbb;;(;nts In the direction of the tOl‘qul:l of the fingers of the right
16.  InSystem Int ‘ aralel ¢) Force o
N €rnational, the ypj¢ f / d) Weigh
Y b) Nm?2 oftorque js: cignt g
= ’ 4
—_— ) Nm o 4
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UNIT-4 1
Turning Effect of Force

P e force which
The force which is acting perpendicul
1% a) Torque b) Weight T ::l)o;vnwards towards the earth is called:
8 The point at which whole weight of the bod orce of gravity \dj{;ot_h b&e
& a) Origin b) Couple \Cy Cpl’tcarsftg acts is called: ‘
The position of the centre of . entre of Gravity d) Reference point
19. a) Size ) /Schap cgravlty dcpen;l)s .;lvpfmhthc _____ of the body:
. C t 4 >
20. The c.cntrc.of gravity of parallelogram, rec ta“gl::gs g .d) Force
a) Point of intersection of the medians b) C » Square is the:
oint of intersection of the diagonals dg C‘én:ral promt c;{'.z;ms
The centre of gravity of 3 entre of parallelogram
1. ) Body g ty%’ ;;gﬁ:::rryshapcd bo;l)l;/lls always on its centre of
! ¢) Mediz '
- Z)ﬂl"aocifl?gfe'gtf gra?ty Offtﬁa“gle is the: e ) is
intersection of the medians ; -
¢) Point of intersection of the diagonals lcjlg gzgizzlopfmg: :lfc‘;zxsmm
23, The c.entre. of gravity of cylinder is the: , i =
a) Point of intersection of the medians '~b)/(lenlral point of axis
c) Point of intersection of the diagonals d) Centre of parall lA
When two equal ; entre of parallelogram
. they form a.q , opposite and parallel forces act at two points of the same body,
a) Torque . b) Moment of a couple ¢) Force M\Jple
25. fg "t]“““"“ is always acting while opening_or closing water tap, a lock, stopper of a
oftle or jar:
COUplC ] b) Welght C) Force d) Mass
26, The perpendicular distance between the line of action of force and centre of rotation
and denoted by ‘r’ is called:
a) Centre of gravity Moment arm ¢) Displacement d) Force
27.  The torque produced in a body due to a couple is equal to the product of one of the
force and the = ‘9‘-‘-‘3?1‘-’*-—-41@33‘-‘.
a) Couple b) Force c) Like parallel force djfouple arm
28. There are -------=--==- conditions of equilibrium:
a)l ~by 2 c)3 d) 4
29.  When the sum of all the force acting on the l;%zgjs the zero or the object is moving
with uniform velocity then it will be in -SRI E2NT
a) Rest b) Motion ‘e)’ﬁquilibrium d) None of above
30. According to First condition of equilibrium, the sum of all the forces acting on the
body should be -----=-==> et |
a) Positive “b) Zero ¢) None d) All of above
3. First condition of equilibrium is represented by:
2) SF = 0 b) SF =0 ¢) YF, =0 ~d¥All of above
32.  According to Second condition of equilibrium, the sum of all the torques acting on
the body should be /oL :
a) Positive ‘H{Zero | c) None d) All of above
3. Second condition of equilibrium is represented by: ‘
2y Y1=0 b)YF=0 c)Botha &b d) All of above
3. d to represent:

Sigma () is the Greek letter which is use resent: o
Addition b) Subtraction ¢) Multiplication d) Division

Qa
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35. There are -=--—-=--=- states of equilibrium:
a) l b’fZ )3 d) 4
36.  The equilibrium in which the body comgs

ack to its original condition Whe,

free after slightly lifting from one side is StaL ¢ equilibrium: Y
qﬁ}g)tablc b) Unstable ¢) Neutral d) None of aboy,,
37.  The equilibrium in which the body does not come¢ back tq 'lts.onglnal congg;,
when set free after slightly lifting from one side is ===~ equilibrium: A
a) Stable by Unstable ¢) Neutral d) N?”e of aboye
38.  The type of equilibrium in which after disturbanct, the body again comes to .
position and enter of gravity remains unchan ed:
a) Stable g) Unstable ,v)/rg\%gut;\zge Q4 d) No_ne (l)f ab?‘,’e
39.  In Stable equilibrium, the centre of gravity is e than the Onlg]m?, POsition;
\a)/;\;aiscd b) Lowered ¢) Remain same d) All of above !
40. In Unstable equilibrium, the centre of gravity IS mmmmemomm than :ihc original Dositigy,
a) Raised ‘Y Lowered ¢) Remain same )z_ﬁ\l.l of abo‘,"f
41. In Neutral equilibrium, the centre of gravity »=---=""""" than the original position;
a) Raised b) Lowered «dﬁ{vemam same d) A.ll of above
42. When an object is resting on_the sx_nooth horizontal surface, the weight of the objeg
is balanced by YNCEONAN _Xeacont -
\ﬂ’{Normul Reaction b) Torque ¢) Friction d) Couple
43. A meter rod on a wedge s an example of ------==-- - equilibrium
a) Stable ) Unstable ¢) Neutral N d.) None of above
44, A book lying on the table is an example of ---====--=-===="" equilibrium:
\zr)}b}lablc b) Unstable ¢) Neutral d) N(?ne of above
45. Motion of the football on the ground is an ex mple of ------- cquilibrium:
a) Stablg b) Unstable Neutral d) None of above
46.  The \-’-\-C-'l-al’-\i- of a racing car is kept low to make its stable:
a) Width ) Height ¢) Length d) Weight

47. If.the centre of gravity of the body is below the fulcrum then the body will bein
Sa\e equilibrium: ‘

\(6 Stable b) Unstable ¢) Neutral d) None of above
48.  If the dircctions of the parallel forces are opposite to one another, then thest

are called:
a) Lik< parallel forces \b)ﬁnlike parallel forces
¢) Both d) None of these
49. It is a vector quantity: '
a) Distance b) Length ¢) Mass ‘d{Torquc

30, Where can the centre of gravity exist?
a) inside a body b) outside the body v&)oth
51.  Where does the centgyf gravity of a cylinder lie?

d) none of these

) a) centre of cylinder bYCentral point of axis ¢) both d) none of
52. How many state of\?uilibrium are there?
. 3}1 ' “)2 )3 d) 4
. hat is the capability of force to rotafe a body about, axis called?
a) moment arm ) torque c) force d) none of these

s
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Turning Effect of Force
f the distance between two i ; . ‘
:ction of force is called ¥ remains the »same under the

...................

irigidbody  b)solid body ¢) neutral body d) axis of rotati
Centre of gravity is a point where the whole.\.\..‘ﬁ%\&:.of the go\g'ss?ztrmanon
4) stable b) unstable C) neutral weight -

A body is made up of many small................_. K

4) forces ) particles ¢) compound d) all

The centre of gravity of round plate lies at

\3{ center of the plate b) rim of the plate ¢) central point of axis d) none
The distance between the two forces of the couple is called

a) momentum ¥ moment arm ¢) torque d) nor;.c '

The torque produced due to couple is depends upon

a) two forces only b) couple arm only

gYfwo forces and couple arm d) one force and couple arm

The direction of torque can be found by Ytg‘ QA \v\mld rwle.

a)head to tail rule  b) left hand rule ~¢) right hand rule d) none
ANSWER KE
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Q.2

Ans:

).3

\ns:

).4

\ns:

).5

\ns:

(1) Magnitude of the force

| ; .. .alled head to tail rule. Accopg

: hically 18 cal ing
Head odd two or more veCIOI: eg;'a‘zi th the tail of-the second vector.

ector conc

Adding sectors by head to tail rule.

Resultant Force: ' o
A resultant force is a single foree-that has the same effect as th

forces to be added.

Why the handle of a door is fixed n

Handle fixed near the outer edge of the door : |
The handle of a door is fixed near the outer edge of the door because, the location where

the force is applied to turn a body is very important. If the perpendicglar distance from
the line of action of force to the point of rotation that is moment arm 1S greater then we
have to apply less force that is why we can-open or close a door more easily by applying
a force at the outer edge of the door.

What are the factors on which torque a moment arm depends?
Factors Affecting Torque or Moment Arm: .
Rotation produced in the body depends on the following two factors.

bined effect of all the

ear the outer edge of the down?

(i)  The perpendicular distance between the line of action of the force and the aris of
rotation is called moment arm.

Can a small child play with a fat child on the see saw? Explain how?
A fat child can play on the see saw with the small child by seating near the axis of

rotation so by decreasing the moment arm tonque : :
balanced by the tonque of small child. que produced by the fat child wil b

anticlockwise torque
produced by the smal]
the torques cance] the effect of each other 7oy bench th

- |
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e -

o lumbline”

A plumblive conuists of'n s |
pab ix suspended freely by u::\”.‘::.‘ﬁl"l bob (lead or brawn) rapportod by n string When the
acting vertically down ward, l"hmﬂlllh o 1o Mong the verticul directlon duo to It welgh
abject or its is use to cleet whether (\h‘c“m Il|N are 1o find the cevire of an lrrlgntor shape
~ , wall or noth '

o . , ng s or not,
01 "Nl‘:'l:, «l(‘mph and give examples? ¢ I8 vortienlly straight or not

QO 13

AR
Definition:

A couple is formed by tw '
y ' Y two unlike paralle! fore .
e Y parallel forees of the same magnitude but not along the
Torque of the couple = I'x AR
Examples:
While turning a car, the (i : '
e cary the foree applicd o ' [

N | s W e " v/ v
Hm—— DI on (he steering wheel by hands provide the
While opening or closing a water tap

/] H P et -
» O Y O N . .
While locking or opening the stopper of a bottle or ajar.
A

Total torque of couple = FXOA+I'*OB

= 1" (OA x OB)

= [F&xADB
Write the centre of gravity of some three symmetrical objects.?
Centre of Gravity of some symmetrical objects

Q.8

Ans:
RoD:
The centre of gravity of
point is its middle point G.

a uniform rod lies at a point where it is balanced. The balance

Uniform Square: -
The centre of gravity of a uniform squarc ora rectangular sheet is thepoint of intersection

of its diagonals.

Uniform Triangular Sheet:
The centre of gravity of a uniform triangular sheet is the point o
medians.

29 How docs a bicycle rotates? |
forms a couple that acts on the pedals the

ns: A cycle pushes the pedals of the bicycle this :
pedals cause the toothed wheel to then making the rear wheel of the bicycle to rotate.

f intersection of its

CamScanner


https://v3.camscanner.com/user/download

UNIT-4 _
o

Q.10 A ladder Jeaning at a
Ans: The ladder Jeaving at @ wall is in equilibrium
Three forces .,
1

Q.11

Ans:

Q.12
Ans:

Q.13
Ans:

Q.14
Ans:

brium how? ) .
it satisfy first condition . .

wall as in equili
because ]
are acting on the ladde,

f forces acting on it zero.

equilibrium that is sum O
1) Upward push of the wall at the top-

2) Upward reaction of t e bottom.

3) Weight of the ladder act
At the centre which is bein

he ground at th
ing down ward '
g balanced by the two upward react1o
jse torque-
torque- Doe

ns of the wall and the

round.
ces an anticlockW The wall pushes the
s the ladder satisfy

The weight of the Jladder produ
ladder at its top and thus produces 2 clockwise
second condition of equilibrium.
d of the ladder as the point of reaction there will be no
ause tiane of action of ‘R’

If we consider point (B) lower an
ction of the ground bec
oduced by weight

torque produced by the upward rea
anticlockwise torque pr
rd reaction of the

passes through the point of rotation hence the
anticlockwise torque produced by the upwa

of the ladder is equal to the
wall so the ladder will satisfy second condition of equilibrium.
R _ - -
A ' f/jf B ~
',‘\ /\
\ / ,/l v
/)l /‘/ /
4 ( / \\\ \/ //
v el
\ \ // :
\\ / g P 4
AN "\/: -
., B

Thi . 9
Ahlljl;:j (Iza body which is at rest but not in cquilibrium
rown upward
p comes to rest at the top. In this state it is not i
in equilibrium

although it is at rest.
Why a force ¢ i e
. Aol n:tnlr;:t. be in Tqunhbrium due to single force acti
in equilibri , ng on it?
produces lincar accelerat?on lll)mtu;n undur_ the action of single forg b .
will not be in equilibrium und::1 }?f equlhbrium acceleration mu ce because single force
no force acts upon it or numberrotf ? action of single fore. A bodyS[ bﬁ Eero. Hienee @ bacy
orces acting on i ' will be in el
it have thej equilibrium if
Ir sum zero :

g . . . . N l D

that the vertical [j
_ ical lin :
during at turn, ¢ passing through its centre of
gravity should
not get out of i
its base
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Q17

Ans:

Q.18
Ans;

Effoct of Force 1
o -~

| )) Why vehlelew nre mude heavier, g gy, hottom?
yehielen ne mide heavier ntthe bottony uy his lower
[nerente stablilty. awers the
) Define unstable equilibylum

("
pnstable Equilibrium

pefinition:

™ pody does not return 1o it previouy PO
o be in unstable equilibrium,

centre of gravity and helps 10

HHon when sets free afier a slightest tilt is said

].;,\-plumllltm:

rhe centre o gravity of the body s af its helohtea iy ; \
! ilibrium. As the body topples y " heightest point in the state of unstable
equili Rt l Y topples over about its base, its centre of gravity more towards
its lower position and does not return 10 previous position )

pxamples:

o Astick standing vertically upward on a finger

o Pencil just balanced at the tip,

How stability is related with the position of centre of mass?

Relation of Stability with the position of centre of Mass.

To make the body stable, their centre of mass mugt bekept ag low as possible. It is due to
(he reason, racing cass arc made heavy at the bottom and their height is kept to be in
minimum,

Differentiate between axis of rotation and point of rotation?

Axis of rotation Point of Rotation
Axis of rotation is a line about | Point of rotation is just a point |
which the whole body rotates. about which body rotation.
Example: Example:

When we open the door, the door | If we move a stick about its
will move about its lings centre of gravity, then that point
becomes the point of rotation,

How can we increase torque by keeping the force constant.

We can increase the torque by increasing the perpendicular distance from the line of
action of force to the point of rotation that is moment arm by keeping the force constant,
according to the relation? I'xL

Can a moving body be in equilibrium? Explain?

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.

Can a body be in equilibrium if it is revolving clockwise under the action of a single force?

No, the body will not be in equilibrium will not be fulfilled. Since single force can never
be zero and rotational acceleration will be produced. Therefore we can say that a body

cannot be equilibrium under the action of a single force.

—— iz
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Turnin

21 resultant torque is Nog

i .
Give an example of a case when the resultant force is zero but
zero,

ven then
ns: In case of couple, two equal an opposite force are acting on salrﬂ:*e s not Zero.
body rotates. In this cage . g

esultant force is zero but resultant to
Example:

od produce rotation in the

: : a
While turning a car, the force applied on steering wheel bY P

steering, ple equilibrium due ¢

22 How do we know whether 1 body is in a stable or

position of its centre of gravity? . raised U
as: If after disturbance, the centre of gravity of the bodyflstable equi
initial position then the body will be in the Statergd Jown as compa
disturbance the centre of gravity of the body is low® quilibrium-
position then the body will be in the state of uns

23 What is meant by parallel forces?

ns: In a plane, if number of paralle] force
different but lines of action are parallel 0 eacF ot
forces. In the given figure, the force F1; 2

forces. 3 F,

VF,

s? Also give examples.

as compared to the
Jibrium and if afte
red to the initjy

table €

hat point of action are
rces are called parallg]
B, C are parallg]

t
dy such

t on a bo

S ach other, then these fo A
cting at points £

.24 What is meant by like parallel force

| € the s
'“S' Like parallel forces are the forces that are parallel to ecach other and have ame

direction.
Examples
In the second figure, the directi
like parallel forces.

)25 Whatare unlike parallel forces?

Unlike parallel forces are the forces that are parallel but have direction opposite t0
each other. |

Example

In the second figure, the parallel forces Fi, F; and F,, F; are
so these are unlike parallel forces,

Q.26 Define head to taj] rule.
A.ccording to this rule, vectors
with the tai] of the second vector
When forces are added, we get t

on of the parallel forces Fy and F3 is the same, so these are

acting in opposite direction

e drawn in such a way that head of first vector is joiﬂed
S.

he res
ultant force. We can define resultant force as:
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csultant Force

R

t force i i _
t/;j:it:: to be afl;;]:ds nzgrl:i izrsijt;};itf as the same effect as the combined effect of the all
. . ector i . _
is joined with the head of the last vector, Or1s drawn in such a way that tail of first vector

pefine resolution of vectors,

Q.27 .
. The decomposition or divisig

AnS? solution of a vector. n of a Vectoro 111{t0 its rectangular components is called
The splitting of a single vecto
eolution of that fores I 1nto two mutually perpendicular components is called the

028 Define torque or moment of force,

ans: “The rotational effect of a force ig measured by a quantity, known as torque”.

029 Define centre of mass, ’

Ans:  Centre cff mass of a System is such a point where an applied force causes the system to
move without rotation,

Q.30 Define centre of gravity,

Ans: A point in a body where the weight of the body appears to act vertically downward is
called the centre of gravity.
The f:entre of gravity can exist inside a body or outside the body. Position of the centre of
gravity depends upon the shape of the body.

Q31 Define couple and give examples. .

Ans: A couple is formed by two unlike parallel forces of the same magnitude but not along the
same line. '

Examples
* While turning a car, the forces applied on the steering wheel by hands provide the

necessary couple.

o While opening or closing a water tap,
* While locking or opening the stopper of a bottle or a jar.

Q32 Define equilibrium.
If no force is acting on the body or a number of forces act on a body in such a wa that.

2 Y iy

their resultant is zero, then if the bedy is at rest it will remain at rest and if the body is in
motion, it will continue moving with a uniform velocity. This condition .of the body is
called equilibrium.

.33 “State conditions of equilibrium.

First Condition of equilibrium

A'body will be in equilibrium if the resultant of all the forces acting on it is zero. This is

first condition of equilibrium.

Second Condition of equilibrium

If a number of forces act on a body so that the total sum of the torques of these forces is

2ero, the body will be in equilibrium.
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" dum, - , e

3 Define stable equilibriv Y- T retirng (4 e
.l Iy iv sald to in stable vqulllln'lum Honher n fllpht ME 16 g Preyy,, k|
A body 18 8 iy %

3

sition, . ' . |
,‘;(/)lt:ll:l(h“dy is in stable cquilibeium, lts centre n_l m'nvll_:"l:: .‘::“',l(:(|,l;,“|~:?\'::(.",,)|l,m:‘:(,“' Wi, W
is tilted, its centre of gravity vises, [t returns (o I r:lu‘i't' ‘q(‘(']dnr(' (,[‘,,,‘;,V;:,' “‘, Conirg e
gravity. A body remaing in stable equilibrium g long s the CEITE GLETVILY nety llu'mluh |
the base of the body.
Examples
Table, chair, box and brick lying on a floor,

Q.35 Define unstable equilibrium, ‘ ‘ '
after a slightest Gt iy gqiq o

] i it 1) sels
If a body does not returns 1o its previous posiion when sel

in unstable cquilibrium, ' ‘
The centre of gravity of the body is at its highest point in the state ol ungigh),

equilibrium. As the body topples over aboul its base, its centre of gravity moves lowar(g
its lower position and doces not return (o its previous position,
Examples
e A stick standing vertically on the tip of a finger.
e A cone standing on the tip of a finger.
Q.36 Define neutral equilibrium.

Neutral equilibrium
If a body remains in its new position when disturbed from its previous position, it is said

to be in a state of neutral cquilibrium,
Example
e A ball lying on the horizontal surface
* Motion of wheel on plane surface.
Q.37 Define rigid body and axis of rotation.
Ans: Rigid body
A body is composed of large number of particles. If the distance between all these pairs
of particles of the body do not change by applying a force then it is called a rigid body.
Axis of rotation
During rotation, the particles of the rigid body move in circles with their centres all lying
on a line. This straight line is called the axis of rotation of the body.
Q.38 “What is meant by principle of moments?
In-balanced body, if the sum of clockwise moments acting on the body is equal to the

sum of anticlockwise moments acting on it.

A body initially at rest does not rotate if sum of all the clockwise moments acting on it is
ba.lanced by the sum of all the anticlockwise moments acting on it. This is known as the
principle of moments.

Examples

A pencil, a sphere, and cylinder, a roller, an egg lying horizontally on a flat surface.
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Turning Effect of Force

UNI"I"'
9 How smh;hl{ o(:' a body is related with the Position of
T ¢ the body stable, their centre of ' of centre of mass?
I'o lm.l,k. ) ruciny’ Cc l'L. their eentre of mass must be kept as low ¢ M.‘-h ;
(he reason, g cars arc made heavy at the botom anc] :;W'tk‘ilr)(')b;l i :(llb ducll;z
é weir height 1s kept to be

minimum.

0,40

) N . . . .
Point of rotation is just a point about which

Axis of rotation is a line about which the

whole body rotates. _ (he bod
Example "y m(:p{ rotates.

» ~ ) ¢ c
When we open the door, the door will If we move a stick about its centre of

gravity, then that point becomes the point of

move about its hinges or axis of
rotation.

rotation,
On what factors rotation produce in a body depend?

Q41 .
Ans Rotation [')roducc‘d in a body depends on the following two factors:

(i) Magnitude of the force. -

(ii) The .pcrpcndl.cular distance between the line of action of the foree and the axis of

rotation, that is known as moment arm.

Q.42 How can we increase torque by keeping the force constant?
Ans: W(,: can increasc the torque by increasing the perpendicular distance from the line of
action of force to the point of rotation that is moment arm by keeping the force constant,

according to the relation T =rF
Q43 Cana moving body be in equilibrium? Explain, :
Yes, if a body is moving with uniform velocity then the body is in equilibrium because

Ans:
neither linear nor rotational acceleration is produced in the body.

Will a body be in equilibrium under the action of a single force?
No. the body will not be in equilibrium because first condition of the equilibrium will not

be fulfilled. Since single force can never be zero and linear acceleration will be produced.
Therefore we can say thata body cannot be equilibrium under the action of a single force.
Can a body be in cquilibrium if it is revolving clockwise under the action of a single

force?

No, the body will not be in cquilibrium because second condition of the equilibrium will
not be fulfilled. Since single torque can never be zero and rotational acceleration will be
produced. Therefore we can say that a body cannot be equilibrium under the action of a

n the resultant force is zero but resultant torque is not

0.44
Ans:

Q.45

\ns:

single torque.

.46 Give an example of a case whe
are acting on a same body but even then

zero,
ns: I case of couple, two equal and opposite forces .
Itant force is zero but resultant torque 1s not zero.

the body rotates. In this case resu
n the steering wheel by hands produce rotation in

Example
While turning a car, the forces applied 0

the steering wheel.
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UNIT-4 e —
Q.47 How do we know whether 2 body is In & stable or unstable equilibriup, d‘le};%‘g;
osition of its centre of gravity? . R E

Ans: If after disturbance, the centre of gravity 0;’ thcl l:Od())’flsst:ll)llc cqtﬁlibriii?r;irgd. t°-th;*-ff‘
initi > dv will be in the state if oo

initial position then the body |owered down as compared 1o the i:itiaf

f gravity of the body is
Il be in the state of unst
n of the rocket

tum of the system

able equilibrium.
and the burning gases e i,
is zero but total energy js il

disturbance, the centre 0
position then the body wi
When rocket takes off, the motio
opposite direction. The total momen
zero, what is the reason?

Ans: The reason is that the momentum is

Q.49 Whatis a plumb line?

Ans: When a heavy body of a small volume is hung by
downwards, due to which the string h
weight is called a plumb line. The builders use

straight.
Q.50 The magnitude of 1 ssultant ve

Ans: If vector A and B are added, under what condition their resultant mag
under what condition resultant is zero?

o e el o e
' LONGQUEST]ONS o

Q.48

a vector quantity whereas encrgy 15 a scalar Quantity -

a string, its weight acts Veﬁically
This system of the string and th,

angs vertically.
keep the wal vertically

a plumb linc 10

d direction will be arbitrary.

ctor will be zero an : .
nitude is A+B ang

O

2 - ADDITION OF FORCES
of forces? Explain with example.

Q.No.1 Which method is used for addition
Ans: Force is a vector quantity. It has magnitude as well direction; therefore forces are not added
by ordinary arithmetic rules. They are added by a method known as head to tail rule.

Head to Tail rule
According to this rule, vectors are drawn in such a way that head of first vector is joined

with the tail of the second vectors.
When forces are added, we get the result force. We can define resultant force as:

A resultant force is a single force that has the same effect as the combined effect of the al
the forces to be added. And resultant vector is drawn in such a way that tail of first vectol

is joined with the head of the last vector.

Method
The method of addition of two vectors is given below:

o Select the frame of reference and suitable scale and ¥ )
draw the representative line of vectors of all the forces W+E B
according to the scale; such as vector A and B. \

o Take any one of the vectors as first vector e.g. vector A. S
then draw next vector B such that its tail coincides with Ri EB
the head of the first vector A. Similarly draw the next |
ve.ctor for the third force (if any) with its tail coinciding A
with the head of the previous vector and so on. g;g}:ler:d"t.:iaﬁdriilzg o
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v 4 Turning Effect of Force ' 1

—

/No:;'aw a vector R such that its tail is at the tail of vector A, the first vector, while

’ ijts head is at the head of vector B.

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.

g Resolve the vector into its rectangular components.

0.2
QJ\O’The decomposition or division of a vector into its components is called resolution of a
vector. OR ’

The splitting of a single vector into two mutually perpendicular components is called the
resolution of that force. I

The process of splitting up vectors (forces) into their component forces is called
resolution of force. If a force is formed from two mutually perpendicular components
then such components are called perpendicular components.

rmination of Rectangular components of a vector 5
Suppese a vector F acts on a body by making an angle 0 with /TA
F

Dete

the x-axis which is represented by the vector OA as shown in
the figure. Draw perpendicular BA from the A on x-axis as
AB. According to head to tail rule, OA is the resultant vector ‘ )
of OB and BA. ' /<
0
B X

¢ OA=OB+BA ... (1)
Since the angle between BA and OB is 90°, hence these are

called the perpendicular components of the vector OA
representing F.

Horizontal or x-component
The component OB along x-axis is represented by Fy and is called the X-component or

horizontal component of the vector F.

Vertical or y-component
The component BA is represented by Fy and is called the y-component or vertical

component of the vector F.
So equation (1) can be represented by,
F=F,+F,
Magnitude of Rectangular components .
The magnitude of the perpendicular components Fx and Fy of forces Fy and Fy can be
found by using the trigonometric ratios. In right angled triangle OAB,

Figure 4.7: Resolution of a force

cosO = 92 Or OB =0A cos 0
OA
But OB =F, and OA=F
Hence
Similarly, Fy = F cos 0
' B '
sinf) = ___‘f‘_ or BA=O0Asin6
N A
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/ - i

But BA=Fy and OA=F
Therefore, . :
Fy=Fsin0

d triangle where as hyp()tenuse

These two components are the two sides of the right'angle
re.presc-:nt the magnitude of the actual vector. nents

Determination of a Force from Its Perpendiculat‘ 1Po . components are g

Q.No.3 Find the magnitude and direction of a vector w i

Ans: If we have the perpendicular components of an
we can find the magnitude and directi

vector. It is reverse of resolving the vector- _
of the force ¥

o rectangul?

As we know that x-component Fy
and the y-component Fy is’F sin 0.

lineS P and PR Figur® 4.8: Detémmltloﬂ 0! a forcy
. by s oemondlcU\ar components.

components — are represented by
respectively as shown in the figure-

According to head to tail rule:

OR=0P+PR t F
Thus OR will completely represent the force I' where X and y-componen s are Fx and Fy
respectively.

F=Fx+Fy

Magnitude of actual vector y
The magnitude of the force I can be determ

(OR)Z = (0 1’)2 + (PR)2
Fr=F+ Fy’

Hence F=F’ +F',,2

Direction of actual vector
Direction of the force F with x-axis is given by,

ined using the right angled triangle OPR as,

F,
tan@:ﬂg = _)_
OP F
So 6=tan‘15#
F

The value of the angle can be determined b ' ' i
y using trigonometric tables o :
4 TORQUE OR MOMENT OF A FORCE o

Q.No.4 Explain tor
) que or moment of
Ans: Definition ALopee.

“The rotational effe i
ct of a force :
Dependence of Torque is measured by a quantity, known as torque

Rotation (torque) :
. produced /
(i) Force. in a body depends on the following two factors:

(ii) Moment arm

b i
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Forcc . .
Greater is the force; greater 1s the moment of the force (torque).
gample . . . .
while riding the bicycle, if you press the pedal hard with your feet, its wheels start
rotating fast and the speed of the bicycle increases. Similarly if you press the pedal softly,
the wheel will rotate slowly and the speed of the bicycle will be less.

Line of action of Force . Ci
The line along which a force acts is called the line of action of ;-g i tF
force. In figure the line BC is the line of action of force. M v )
Moment arm : f; 55
The perpendicular distance between the line of action of the 3 NN > 2%
force and the axis of rotation, this is known as moment arm. A B! =3
Longer is the moment arm greater is the moment of force. Figure 4.12: Factors affecting
the moment of a force
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 the same force but using a spanner of short arm

“»

Mathematical Form .
Torque depends upon the force IF and the moment arm r. torque is determined by the
product of force F and its moment arm L. So we can write,
Torque = Moment arm x Force

t=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.

Sign conventions
Under the action of the torque if the rotation produced is anticlockwise, the torque is
considered to be positive. If the rotation produced is clockwise, then the torque is taken
as negative.

Q.No.5 What is Centre of Mass? Explain its effect on rotation.
Centre of mass of a system is such a point where an applied force causes the system to
move without rotation. ‘

Explanation
B

It is observed that the centre of mass of a system as if its entire 0

mass is confined that point. A force applied at such a point in the 6___’:0
bf’d)’ does not produce any torque in it i.e. the body moves in the Eﬁ::iﬁl::s:sf:mm SlSEEe
direction of net force F without rotation. |
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' 7 s |
by alisht TP

3 connected

ticles A and | hchC‘-'”"\

Example
o S wo par \
- Ry \vqu'“‘ l" l\\ (4 l ' f y\\!hcr(.-
(,(m.\ldlr a sy .o . ‘o the yoint any Co T Pigere AT A force applisd u
] .i \l “< Fh(“\'" '" hn' I‘l () " ' , | l () nS Sh()\v" ln 'lbl m:\c'\"u‘|;lh'u|\-|l|£‘;l:1::hl:'“ |
rigid rod he force I is nppllcd at point = hout rotation

N at the 1o ’ : withou 4
and B such that .ot f force I W

N . dircction 0
if the system moves in the d e system- 8 4
then point O 8 the centre of Mass o Jh ol ol
on it.

cls clsewhere
Figure 410 The aystem moseq g
well as rotaes when s foree g 0plind
awny from € OM %

' jon i ca
System move without rotation if the forc
as shown in fig.

' i article
() Let the force be applicd near the lighter p
: the system will move as well as rotatc. - il
et the foree be applied near the heavier near the hei Lo Jod
’ | gtem moves as well as

(i)
in this case, also the-S)
Fignre 4.1% The systom maves ay
well as rorates when a force 1 Applid

away from COM

as shown in fig.

rotate.

want by centre of gravity of a body? Explain an experiment to find the
a plate of uniform thickness. .
{ the body appears to act vertically downward is

Q.No.6 What is m
centre of gravity of
A point in a body where the weight 0

Ans:
called the centre of gravity. B
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:
Mecthod
icles as shown in figure. Earth attracts each

A body is made up of a large number of part
of these particles vertically. downwards towards its centre. The pull of the Earth acting on

a particle is equal to its weight. These forces acting on the particles of a body are almost
parallel. The resultant of all these parallel force is a single force equal to the weight of the
body. A point where this resultant force acts vertically towards the centre of the Earth is

called the centre of gravity G.
Centre of Gravity of Some Symmetrical Objects
The centre of gravity of objects which have symmetrical shapes can be found from their geometry.

Examples
The centre of gravity of a uniform rod lies at a point where it is balanced. The balance

point is its middle point G.
. '._ .
The centre of gravity of a uniform square or a rectangular sheet is the point of

intersection of its diagonals
. a 2 niv 1 1
The centre of gravity of a uniform circular disc is its centre

e The centre of gravity of a sol
entre of gravity of a solid sphere or hollow sphere is the centre of the spheres

e The centre of gravity ' .
e The cent f!fd\ll) of unifom triangular sheet s the point of intersection of its medians
re of gravi P . -
B gravity ofa uniform circular ring is the centre of the ring
centre of gravity of a unij Al
gravity of a uniform solid or hollow cylinder is the middle point on its axis
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Turning Effect of Foch

L ofG”'Vity of an Irregular Shaped Thin Lamin

A simple method to find the centre of gravity ofa
p]umb line consists of small meta] bob (lead or
bob is supported is suspended freely by the strin
o its weight acting vertically downward as she
of the bob is exactly below itg point of suspens
ment

Take an irregular piece of card

C as shown in the figure near i:)sofal:ldg.c%ail:(cahr?zll?lso& ; arﬁi

Support the cardboard on the najl through one of t?n? f\lmi .

(let it be A), so that the cardboard can swing freely abou(: f\s

the cardboard will come to rest with its centre of ravit.

just vcrticglly below the nail. Vertical line from A zf‘:an b)cl:

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 ~ Checking
intersect at a point G. Similarly, draw another line from the } lind v
hole C. Note that this line also passes through G. it will be ‘ ‘b
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 e ot et e

. the centre of gravity of a piece of
gravity of the cardboard. cardboard by using plumbline.

47 COUPLE

Q.No.7 Define Couple. Give examples and find torque produced by couple.

A couple is formed by two unlike parallel forces of the same magnitude but not along the
same line.

cent

a body is by the use of plumb line. A |
bfass) Supported by a string. When the sa
8, 1L rests along the vertical direction due

'Wn in figure. In this state, centre of gravity
ion.

Centre of
Gravity

Plumblinc

Examples

o While turning a car, the forces dpplicd on the steering wheel by hands provide the
necessary couple. |

¢ While opening or closing a water tap,

e 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 magnitude F are applied
on ends A and B of a spanner in opposite direction as shown in figure. These forces form
a couple that turns the spanner about a point O. the torques produced by both forces of
the couple have same direction. The total torque
produced by the couple will be,

~ Total torque of the couple =F x OA + Fx OB B 0 A
=F (OA + OB) i
Torque of the couple = F x AB _ l
The above equation shows that torque produced by F

the couple of forces F and F separated by distance AB. The toque of a couple is given by
the product of one of the two forces and perpendicular distance between them. &
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UNIT4 : ,
forces of the couple is called the coupl ‘;\
L

Couple arm )
’ The perpcndicular distance “r” between the two l

m? State and explain the conditions of equilibrium,
umber of forces acton a body in such a i
t it will remain at rest and if the bogy ilsh-m |

rm velocity. This condition of the bOdy liu
v

o Q.No.8 What is equilibriu
Ans: Equilibrium

If no force is acting on the body or a n

if the body is at 1€

their resultant is zero, then b
motion, it will continue moving with a untfo

called equilibrium.

First Condition of Equilibrium ’
A body will be in equilibrium if the resu

first condition of equilibrium.

Itant of all the forces acting on it is zero. Thj .

Explanation
, F, are actingon a body such that

Let n number of forces Fi, Fa, F;,
+F,

(1)

YF=0 i
a Greek letter called sigma used for summation. The first condition of

The symbol }’ is
equilibrium for equilibrium can also stated in terms of x and y-component of the forces

on the body as:

Bix # EiptEay ™ sovss. +Fx =0

And Fiy+Fyt+Eyt...... +Fy =0

OR YFK=0 ... 2) _
YF=0 (3)

Examples

Examples of bodies satisfying the first condition of equilibrium

are given below:
e A book lying on a table or a picture hanging on a wall are

at rest
..IIIIIIIIIII
Figure 4.27: A wall hanging 18

o A paratrooper coming down with terminal velocity (constant o b
in equihibrium

velocity)
Linear acceleration
When the Ist condition of equilibrium is satisfied, no linear acceleration is produced in the body.

Second Condition of Equilibrium
If a number of forces act on a body so that the total sum of the torques of these forces is
zero, the body will be in equilibrium.

. E2T0 criiroenerenens 4)
This is called the 2nd condition of equilibrium. If these two conditions are satisfied. t°

body is completely in equilibrium.

KIPS NNTER QRERIER
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Turning Effect of Force

1 W —
] »
] ]ﬂf’“ | »
‘ P consider @ body pulled by two forces Fy and F, as  F2 .
chown in figure. The two forces are equal by Opp(:s'[ "
. _ ite
(o cach other. Both are acting along the same line
hence their rcsullar.u. will be zero. According to first o
condition of equilibrium, the body will be in LA
cquilibrium. Now shift the location of the forces as ﬁ :
shown in the figure. In this situation, the body is not in F, E
cquilibnum although the first condition of eqiilbinm =@ —— -
i 2l - . (b)
is still satisfied. Tt }s. bCf:aUSC the body has the Figure4.30: (a) Two equal and opposite
tcndc.n'cy to rota'lc.. This situation demands another f‘.’,;‘?iff;ﬁ?;?gfmzfc fz?ccsa‘cri’;;
condition for equilibrium in addition to first condition #long different lines.
of equilibrium.
Rotaii"“al acceleration
Wwhen the 2nd condition of equilibrium is satisfied, then no rotational acceleration 1s
produced in the body.

sqates of Equilibrium
' (.No.9 Define and explain the three states of equilibrium.2<

There are three states of equilibrium:

Ans:
(i) Stable equilibrium
(i) Unstable equilibrium
(iii)Neutral equilibrium
Stable equilibrium
a slight tilt it returns to its previous

A body is said to in stable équilibrium if after

position.
ntre of gravity is at the lowest position. When it

When body is in stable equilibrium, its ce
is tilted, its centre.of gravity rises. It returns 1o its stable state by lowering its centre of
gravity. A body remding in stable equilibrium as long as the centre of gravity acts through

the base of the body:

Example
Consider”a iblock as shown in figure. '/
When the"block is tilted, its centre of \

gravity. G rises. If the vertical line G

through G passes through its base in the
tilted position, the block returns 10 is A
previous position. 1f the vertical line ! ) ©)

Ihr()ugh G gets out 11s base, it does nOU  Figure 4.34 (1) Block in stable equilibrium (b) Slightly tited hock
return to its prcviouq p()ﬂ‘»ili()n is retuming to ity previous position (¢) A more tilted block toppies

over its base and does not return to its previous position

107
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fjum position. That is Why a vepe .
low as possible. A lower e
is made wide so that the _em:l; :
fits base during a turn, i

< (o NEW stable eq»tuhb
V.« centre of gravity 8

= - reOVeT se of the vehicle
e bl of ‘:ravitv should not g¢t out 0

More Iinl:!l"6 .+ and brick lvingon & floor. } |
b Tahle chair, bae - l' 1test ti t is .

e N T ts after a shg saidy
astable equilibri® .+« orevious position when ¢ )
L + < not retumns 10 1iS Pre
hody GO B

i libri int in th
rium. P e e state of un
in unstable eqlflhbmnu'z-]:- of the body is at 1t highest point "} el o Stably
y » - o ;
. The centre O £ .,nbodl' v topples over about its base. its centre of gravit OWargs
equilibnum. As e ) B preﬂ'OUS position.

and does not return 10 1

Toppie over

its lower pOSiﬁDﬁ

Example _ .
4 pencil is made 10 stand in equilibnu

vou leave it. the pencil topples over ab
down. The body may be made to stay on

m on its tip. When
out its tip and falls
ly for a moment.

= i itself in the state of unstable
Thus 2 body is unable to keep 1tsell 1n aF
. equilibnum. TS
More Examples
- 1 1 1 1 1 Figure 4.36: Unstable equilibrium
« A stick standing vertically on the tip of a finger. (:umml . aranced &t haE
with centre ol gravity G atl the

« A cone standing on the tip of a finger. S o P
over caused by the torque of s

weight acting at G.

Neutral equilibrium . . : I
If a body remains in its new position when disturbed from its previous position, 1t 1s said

to be in a state of neutral equilibrium:
Example

A ball lying on a horizontal surface is shown in
figure. Roll the ball over the surface and leave it
after displacing from the previous position. It
remains in its new position and does not return to
its new position.

In neutral equilibrium, the centre of gravity of a

Figure 4.37: Neutral equilibrium
(a) a ball is placed on a horizontal

body remains at the same height, irrespective of its surface (b) the ball remains in its
new displaced position.

new position.

More Examples
11, sher, and cylinder, a roller, an egg lying horizontally on a flat surface.
T TR TR e oo OLCENTRE OF MASS
Ans:  As we have 1;3'3}?; POS,’Y"’" of centre of mass are related to each other?
stability. To make 1] emps'i:gion }?f centre of mass of an object plays an important role in their
€, their centre of mass must be kept as low as possible. It is due®®
|

Lhe reasou’ raCin C
g cars are made heavy at the bottom|and their height is kept to be minimum.
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this way they are prevented from topple over

. Figgll-z ;h’ol::z ai :C\}’ln}% needle fixed in a cork. The cork is balanced on the tip of the
nee y hanging torks. The forks lower the centre of mass of the system.
- Needlo

Figure 4.38: A needle is made
lo balance at its tp.

Figure shows a perched parrot which is made heavy at its tall. Figure shows a toy th.at
keeps itself upright when tilted. It has heavy semi spherical base. When 1t 1s mted., its
centre of mass rises. It returns to the upright position at which its centre of mass 1s at

the lowest.

(b)

(al
Figure 4.39 (a) A perched parrol
(b) A self nghting 1oy
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base is 4 cm and its perpendicular is 3 m.
() Ina right angled triangle length of bas
Find e (if) cos 0 (iv) tan 0
(i) length of hypotenuse¢ (ii) sin © | 2
“Ans: (i) We know that , Base)z + (PerpendlCUlaI')
(Hypotenuse) _=_ §4)2 " (3)2
: 16 + . 9
= 25
By taking square root on both sides
Hypotenuse = S5cm
(ii) As we know that .
sin® - hypotenusc
3
So sin 0 = 5
(iii) As we know
Base
Cos0 - Hypotenuse
4
So COSG = -g'
(iv) As we know that ;
0 3 Perpendicular
an - Base
3
S tan O = g
0] n 1
(2) A force of 150 N can loosen a-nut when applied at the end of a spanner 10cm long.
' F = 150N
L = 10 cm
y 0.1 m
So
T = FxL
,/ = 150 x 0.1
= 15 Nm
i What
kns: As at should be the length of the spanner to loosen the same nut with a 60 N force?
| : N FxL
5+ = 60xL
L - s
60
= 0.25m
= 25 cm
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AnS:

(6)

Ans:

()
Ans;

Ans;

L

uN/’-"' Turning Effeect of Force \
» much force would be suffje; . —
How utficient to loosen jt witha 6 cm long spanner?
As ’
L = 6 cm *alled
= 0.06 m
K = ExL
15 = Fx0.06m
L = 15 ,
0.06
= 250N

Cana smal'l child play with a fat child on the see-saw? Explain how?
Yes, Fat child can play with small child by adjustin
Two children are sitting on the see-saw, such that they can not swing. What is the
net torque in this situation?

g the moment arm.

When two children are sitting on the see-saw, such that they cannot swing. In this case,

net torque such that they can swing. In this case, net torque would be zero because second
condition of equilibrium is satisfied.

A ladder leaning at a wall as shown in figure 4.31 is in equilibrium. How?
Ladder is in equilibrium because its satisfies second condition of equilibrium.

Figure 4.31: A ladder leaning at
a wall

The weight of the ladder in figure 4.31 produces 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? o / |
Yes. its safisfies second condition of equilibrium because both torques are equal in
magnitude what opposite in direction. . . _

Does the speed of a ceiling fan go on increasing all the time? . -
Speed of ceiling fan does not increase all the times. At acquiring maximum speed it
moves with uniform speed. o . . '
Does the fan satisfy second condition for equilibrium when rotation with uniform
Speed? o o -

No, it does not satisfy the second condition of equilibrium. Because it neither in the state

of rest nor moving with uniform velocity.
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4.1

iv.

vi.

vii.

viii.

4.2

Ans:

(ii)

(iii)

icces. .
cho ., of action produces:

: he given
: ¢ answer from { ) ' ¢ Tin ces:
gncirde e lel forces havi"e differe” d) neutral equilibriy
Two equal put unlike paralle ) cquillbrlum %
b) couple ] rule are:
2‘)hT°,:?1:1bcr of forces that can pe added by)h:a 1) any number
’ c
b) 3 )
)2 orces arc:
T)hc number ofpcrpcndicular componcntsc(;f;' 04
i ‘ i ;Its hori
. N i - 2k'ng an angle of 30° with the horlzontal 1Zonta]
A force of 10 IN 1S making ¢
component will be: . ) 87N
a)4N b)5N c)7 4.t

A couple is formed by:

a) Two forces pcxpcndicular to ca
b) Two like parallel forces

¢) Two cqual and opposite forces
d) Two equal and opposite forc
A i)Od)’ is in cquilibrium when its:

a) Acceleration is uniform

¢) Speed and acceleration is uniform

A body is in neutral equilibrium when its
a) Is at its highest position

¢) Keeps its height it displaced

Racing cars are made stable by:

a) Increasing their speed b) Decreasing their mass b |
¢) Lowering their centre of gravity d) Decreasing their width '

Define the following:

ch other

in the samc line
es not in the same line

b) Speed 1s uniform

d) Acceleration is Zero

y .

centre of gravity:

b) Is at the lowest position
d) Is situated at its bottom

Resultant vector
A resultant force is a sin '
. gle force that has the i
o antfore same effect as the combined effect of all the
Torque

The rotational effs
ect of a force is m
Centre of mass Saseiy quantity, known as torque

Ce
ntre of mass of a system is such a

S ) point wh .
ithout rotation, ere an applied force causes the system t0

CamScanner


https://v3.camscanner.com/user/download

UN!— h B
/(k:tre of gravity - o= Turning Effect of Force -

(i¥

(ii)

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

a point where the whole weight of t

he bod : ;
the centre of gravity of a bo dy. Y appears to act vertically downward is called
Differentiate the following,

Unlike Parallel Forces
Unlike parallel forces are the forces that are

parallel but have direction opp051te to each
other,

“The rotational effect of a force s measured by | A couple is form
a quantity, known as torque”,

Torque and Couple

forces of the same magnitude but not along
the same line.

|
(iii)

“A body is sald to in stable equlllbrlum if after
aslight tilt it returns to its previous position”.

Stable and Neutral Equilibrium
Stable qullllbl‘lllm R

- Neutral Equilibrium
“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”.

4.4

Ans:

4.5

Ans:

4.6
Ans:

4,7
Ans:
4.8

Ans:

How head to tail rule helps to find the resultant of forces?

In head to tail rule, resultant force is found by joining the tail of the first force with head
of the last force.

How can a force be resolved into its rectangular components?

See Q. no.2 Long Question

When a body is said to be in equilibrium?

A body is said to be in equilibrium if no net force acts on it. A body in equilibrium
remains at rest or moves with uniform velocity.

Explain the first condition for equilibrium.

See Q. no.8 Long Question
Whey there is need of second condition for equilibrium if a body satisfies first
condition for equilibrium.
Two equal and opposite (unlike) force having their different lines of action form couple,

which produce angular acceleration. ;Although first condition of equilibrium is being

satisfied.

What is second condition of equilibrium?
A body satisfies second condition of equilibrium when the resultant torque acting on it is zero.
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410 Give an example of a moving body which is in equilibrium.

Ans:
cqlnlibrlum

(i) A body with uniform velocity in straight linc is in the
\ ‘,qunllbnum

(i) A paratrooper coming down with terminal velocity is i1
4.11 Think of a body which is at rest but not in cquilibrium. s not in equilibriuny
Ans: A ball thrown upward becomes at rest at the top. Al this state | '

although it is at rest.

i it?
sJe force onl
g 1cc(-|‘-m“0n Therefore, in

! . 0y . H
4.12 When a body cannot be in equilibrium duc to a sin
duces &

Ans: A single force acting on a body is not balanced and pro
the presence of a single force body can not be in equilibrium:
4.13  Why the height of vehicles is kept as low as pmsll)lc . saidlelps their
Ans: Vehicles are made heavy at the bottom. This lowers their centre of gray
stability and avoids the chance of toppling down.
4.14 Explain what is mecant by stable, unstable, an

4.1 Find the resultant of the following forces. y
(i) 10 N along x — axis
(ii) 6 N along y - axis AON
(iii)4 N along negative X — axis 4N _ 10N

| neutral equilibrium. Give one
example in each case.
Ans:  Sece Q. no.9 Long Question

Solution
Scale 2N =lcm
10N = 5cm Y
6N = 3cm
4N= 2cm :
42  Find the rectangular components of a force of 50 N making an angle of 30° with x -
axis.
Given Data
Force=F=50N 1
Angle= 0= 30’
chuircd
Horizontal component of force = F, = 9 Fy

Vertical component of force = Fy=9 <
Solution Q/

As we know that 30°

l-:X=FCOSO Fx

B ,
Y putting the values, we have
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Fx=50xco Turning Effect of Force

s 30°

Fy = 50 x 0.866

Fx=433N ; j
Also we know that i

Fy = F sin@ \

Fy =50 x sin 30° : \

Fy=50x 0.5 | |

Fy=25N

Result
Horizontal component of force = F,=433N

:er;ic?ll component of force = F, =25 N
ind the magni S
43 o oment iS,*.3,15111t\111'de and direction of a force. If its x — component is 12 N and y —
Given Data
X — component of the force = F, = 12N
Y — component of the force = F, = 5N
Required
Magnitude of the resultant force = F =?
Direction of the resultant force = 0 =?

Solution
According to Pythagoras theorem

By putting the values, we have

F=J13) +6)

F=4144+25
F= \/1—65
F=13N

We also know that

0=tan" Iy
F

y
By putting the values, we have

0=tn"——
B

0 = tan " 0.38461
g = 22.6° with x-axis
Result :
F=13N

Magnitude of the resultant force = . .
Direction of the resultant force = 0 = 22.6° with x-axis

115
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ona spanner at a distance of 10 em from

4.4 A force of 100 N is applied perpendicularly
a nut. Find torque produced by the force.
Given Data
Force acting on spanner = F=100N
Distant from nut =L =10cm=0.1 m
Required
Torque produced by the force = 1= ?
Solution
~ As we know that
t=FxL
By putting the values, we have
1=100x0.1
1=10Nm
Result
Torque produced by

45 A force is acting on
horizontal component of force is

the force=T= 10 Nm
a body making an ang
20 N. Find the force.

le of 30 with the horizontal. The

Given Data
Horizontal component of the force = Fx =20 N

Angle formed with the horizontal = 0 = 30°
Required
Force applied =F = ? y
Solution A
As we know that
Fx = F cosd
So F= E, % s Fy
cost
By putting the values, we have
20 — > —>X
= Fx =20N
cos30°
P 20
0.866
F=23.09N=231N
Result

Force applied =F=23.1 N
4.6  The steering of a car has a radius 16 cm. Find the torque produced by a couple of 50 N.

Given Data

Force of the couple =F =50 N
Radius of the steering =r = 16cm
Couplearm=d=AB=32cm=0.32m
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=

jred
chwrfrorquc produced by the couple = 1= 7

tion
ol As we know that

1=FxAB

By putting the values, we have
7=50x0.32
1= 16 Nm

Result
Torque produced by the couple=1=16 Nm
A picture frame is hanging by two vertical strings. The tensions in the strings are 3.8

4.7 o , 2
N and 4.4 N. Find the weight of the picture frame.

Given Data . ‘
Tension in the first string =T, = 3.8 N

Tension in the second string = T2 = 44N

Required
Weight of the picture frame = w = ?

Solution
From first condition of equilibrium, we have
Y Fy=0
OR  Sum of downward forces = Sum of upward forces
w=T;+ T
By putting the values, we have
w=38N+44N
w=8.2N
Result
Weight of the picture frame =w = 8.2 N
48 Two blocks of 5 kg and 3 kg are suspended b

tension in each string.

Given Data
Mass of upper block = my =5 kg

Mass of below block = my= 3 kg

Weight of the upper block = w; = mjg =5 X 10=50N

Weight of the below block = wz = mag = 3x10=30N
Required

Tension in upper string = T; = 7?

Tension in lower string =T, =7

y the two strings are shown. Find the

Solution
From second condition of equilibrium, we have
OR  Tene 2Fy=0
ension in the lower string = weight of the lower block
Tz =W
Tencic T,=30N
ision in upper string = weight of lower block + weight of upper block
[y = W+ w,
Ty=50N+30N
Ty=80N
— e
' 117
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Result
Tension in upper string =T, =80 N
Tension in lower string =T, =30 N

—————

4.9 A nut has been tightened by a force of 200 N using 10 ¢cm long spanner. What Jenge

of spanned is required to loosen the same nut with 150 N force?

Given Data
Initial force = F; =200 N
Initial momentarm=L; =10cm=0.] m
Second force =F, =150 N

Required
Second moment arm =L, =7
Solution
According to second condition of equilibrium, we have

Yt1=0
OR  Clockwise torque = Anticldckwise torque
l“z X l,z =] X I
150 x L, =200 x 0.1
~200%0.1

7150
[,=0.133m
[,=133cm

Result
Second moment arm = L, =13.3 em

4.10 A block of 10 kg is suspended at a-distance of 20 ¢m from the centre of uniform bar

1m long. What force is required to balance it at its centre o

force at the other end of the bar?
Given Data
Mass of block = m =10kg
Weight of the block =w=F;=mg; 10x10=100N
First moment arm = L; =20 cm =02 m
Second moment arm = L; =50 cm=0.5m

Required
Second force =F, =7
Solution .
According to second condition of equilibrium, we have

Yr=0

OR  Clockwise torque = Anticlockwise torque
Fz X Lz = Fl X L1
F,x0.5=100x0.2

_100x%0.1

Fy= ————
0.50

F2=40N

Result
Second force = F=40 N

f gravity by applying the
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