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After completing this s will be able to:
. ' eenlike and unlike parallel forces.
. yse problems involving turning effects of forces [Student should know that

moment of a force = force x perpendicular distance from the pivot and be able to use
this in simple problems and give examples and applications of turning effects in real
life] .
*  Statewhatis meant by centre of mass and centre of gravity.
*  Describe how to determine the position of the centre of gravity of a plane lamina
using a plumb line :
. Describe and identify states of equilibrium. [This includes the types, conditions and
states of equilibrium and identifying their examples from daily life.]

*  Analyse, qualitatively, the effect of the position of the centre of gravj the stability
of simple objects a @@

*  Propose how the stability of an©bj @‘Me 3 lowering the centre of
mass and increaéj ) the base & %

bility physics in real life [Such as this concept is central

* lllustratethe a %. 3
tW technology such as balancing toys and racing cars
*  Predict qualitatively the motion of rotating bodies [Describe qualitatively that,

analogous to Newton's 1st law for transnational motion ( an object that is rotating
will continue to do so at the same rate unless acted upon by a resultant moment (in 1
which case it would begin to accelerate or decelerate its rotational motion)] i

*  Describe qualitatively motion in a circular path due to a centripetal force. (Use of the

formula F. =—’%’2 )

*  Identify the sources of centripetal force in real life examples [e.g., tension in a string
for a stone being swirled around, gravity for the Moon orbiting the Earth]

As we know, a force is a vector quantity, so it acts in a particular direction.
We observe various effects of forces. Some forces produce @Ieration or

decelerating in a body, some tend to turn it arigW@?o@@ ome forces

balance each other acting in opp 5|

All those force

s, ..’.\"\’\ e another are known as parallel

forces. The points of a% ch forces may be different.

o)
80



4.1 Like and Unlike Parallel Forces

If the parallel forces are acting in the same
direction, then they are called like parallel forces and
if their dlrectlons are opposite to one another,

4.2 Addltion of Forces

In chapter 2, we have learnt about vectors and their representation.
Remember that the resultant is the same for any order of addition of vectors. As
forces are vectors, so forces can also be added by head-to-tail rule. '

To determine the resultant of two or more forces acting in a plane, the
following example will explain its method.

Example 4.1

Let us add three force vectors F,, F, and F, havir @@(@s of 200 N,
i

300 N and 250 N acting at angles ‘8{ 3 S By selecting a
suitable scale 100 N = 1 cm, we

the force vectors as sho
To add s we apply
head-to-tai shown in Fig.4.2(b).

K

i Fig.42() @@W@g

Measured length of resu% Accordmg to selected scale, magnitude
a

of the resultgw nd dlrectlon is at an angle 43° with x-axis.




4.3 Turning Effect of a Force

We have learnt so far that a net force affects the liner motion of an object
by causing it to accelerate. Since rigid objects can also rotate, so we need to
extend our concept to the turning effect of a force. When we open or close a
door, we apply force. This force rotates the door about its hinge. This is called
turning effect of force. Similarly, we use turning e o@‘@@mhen we open or

close a water tap. Let us define somg tE\‘@ tudy of turning effect of a

force. o /

If the distanc WO points of the body remains the same under
the action Yit 5 called a rigid body. Axis of rotation '

During rotation, all the particles of the rigid body -
rotate along fixed circles as shown in Fig. 4.3. The straight
line joining the centres of these circles is called the axis of
rotation. In this case, it is OZ. To observe the turning effect
of a force, let us perform an activity. '

Take your class to play ground where
a see-saw is available. Let a lighter child sits
on the left side and the heavier one on the

» Momen
right side of the see-saw. The distances of ﬂ?o 1
both the children from the pivot shou{d S erted by each child is equal to his
weight acting downward. erefiild move down? Yes, because he is exerting
larger force. Now mo \ ;}- b ild nearer to the pivot and the lighter child away from
the pivot as s%@ﬁm‘ﬁum Askthestudents whatdothey observe? =~
You will see that the see-saw tilts to the opposite direction and the lighter
child moves down. This shows that the turning effect of a force does not depend
only on its magnitude but also on the location where it acts. Therefore, we can
say that the greater the force, the greater is its turning effect. Moreover, the

larger the perpendicular distance of the force from the axis of rotation, the
greater is its turning effect. -

The line along which the force acts is
- called the line of action of the force.

The perpendicular distance of the line of action of

of rotation is known as moment 3rry i“‘g Z1a1

The moment ar. ﬁ@% ildren are shown in the figure of
activity 4.1. There a k examples to observe the turning or rotational
effect of a for arder to open a door by pushing it at a point closer to the




hinge as compared to push it at the handle (Fig. 4.4). That is why, door or window
handles are always installed at larger distances from hinges to
produce larger moment of force by applying less force. This makes
the doors be opened or closed more easier. Similarly, it requires
greater forcetoopenanutbya spanner if you hold it closer suc
pomtAthan point B (Fig.4.5).

S

The turnmg effect of a force is measured by a
quantity known as moment of force or torque.

Moment of a force or torque is defined as the Ak
product of the force and the moment arm. Fig. 4.6

The magnitude of torque is given by ————4_ Do You Know? b

Moment of force is
T o AR (4.1) applicable in the working

Where t (tau) is the térque and ? is of bottle o ene il -
the moment arm. In Fig. 4.6, the I%e Q
action of a force F is perpendiclilay T ik pmduces

o Skt nbly ore torque while
therefore, moment arm Der | opening a bottle.

that the toqu@ is zero when the line of action of a force passes through
the axis of rotation, because its moment arm becomes zero. The torque is

positive if the force tends to produce an anticlockwise rotation about the axis,
and it is taken as negative if the force tends to produce a clockwise rotation. The
Slunit of torque is newton metre (N m).

In many cases, the line joining the axis of rotation and point P where the
force F acts, is not perpendicular to the force F. Therefore, OP will not be the
moment arm for F. In such cases, we have to find a component of force F
perpendiculars to OP = ¢ (Fig. 4.7), or we can find r the component of ¢ that is
perpend:cularto the (line ofactlon) force F (Fig. 4.8).

Fig. 4.7 =




For this, we need to know the method of finding rectangular components of a
Iforce or any vector This is also called as resolution of Forces.

Acouple is a special type oftorg - |
daily life, when two. equ t “ :

example, whlle 0 g a water tap,
turning opening the lid of a jar and
turning ‘'steering wheel of a motor car, we apply a
pair of equal forces in opposite directions. The
torque produced in this way in known as couple. - Fig.4.9

When two equal and opposite parallel forces act at two
~ different points of the same body, they form a couple.

A Steering wheel of vehicles
While tuming a vehicle, a couple is applied on the steering &
wheel. It is interesting to know that now-a-days, steering
wheels of smaller diameter are installed in vehicles. The reason
is that, most of the fvehicles are provided with power steering
in which a pump pushes hydraulic fluid to reduce the _force
needed to turn the wheels, resulting in ef{ort!e

e AR

ple 42 M\\@uw %

Aspa is used to open a nut. If a force of 400 N is applied at
theen nner shown inFig.4.10, what is the torque acting on the nut?

Solutlon -
Length ofSpanner ¢ = 25cm=0.25m
Force = F=400N
Torque T=7
From Eq. (4.1), : T=Fx{
Putting the values, 1=400N x0.25m=100Nm

4.4 Resolution of Vectors

By head-to-tail rule, two or more vectors can be added to give a resultant
vector. Its reverse process is also possible i.e. agiven ve tom@ivided into

these components are added @p, thejrres . gqual to the given vector. To
divide aforce intoits own as resolution of a force.

84




Usually, a force is resolved into two Beam of light
components which are perpendicular to

/\ 3
each other. These are called its perpendicular ¢ é@ﬁ“@t 2
C

=DV
perpendicular comp

iy “ orce-Facting
onabodya ﬁ\‘ X-axis is shown in
Fig. 4.11(8)\Imagine a beam of light is placed 4
above the vector F. As the light falls
perpendicularly to the x-axis, it will cast a o)
shadow OAof vector Fontox-axis. We call Fig. 4.11(a)
this shadow as x-component of vector F. In
the same way, if light is thrown perpendicular
to y-axis, the shadow OB of vector F on y-axis
isthe y-component of F. _ F Fy

Let us resolve a forge

A compohent of a vector is its 6 . .
effective value in a given direction. A
R AUCOVNS

Q
%@mwwawn simply by dropping

perpendiculars fr : vector F onto x and y-axes respectively. The
x-comp is denoted as F,and y-component as F,.

From Fig. 4.11(b), it is evident that F is the resultant vector of components
F.and F,. Moreover, F, and F, are perpendicular to each other. Therefore, F, and F,
are called perpendicular components of vector F.

The magnitudes of the perpendicular components can be found from the
right angled triangle OAC in Fig.4.11(b). 4 DoYouknow? b

The x and y

Putting the values,

or F. =F cos@

Similarly, — = sin@

-

‘A tight rope walker balances himself
by holding a bamboo stick. This is an
application of principle of moments.




Trigonometric Ratios ' '
‘Trigonometric is a branch of mathematlcs that =
deals with the properties of a right angled triangle. A nght? ' §
angled triangle ABC is shown in the ﬁ@,lre Argle A . ﬁ ' 8
denoted by 6 (theta) c_alle ang - Zjal : . &
triangle. The side AB is cafed\{He % esideBC i £ Bace I-B
the per'pendicular ? ACiscalled as hypotenuse. S DT BRI et
The ratio is gwen the names as below: > LT Do %
Perpendicular  BC - . ; = o]
Hypotenuse ~ AC "¢ ? : 30° | 2 SR S
-] = 0.866 | = 0.577
Base Rp | . 05 000 |08
- = cosine 6 3 L
Hypotenuse . AC ot . {450 L2 | 2 1.0
Perpendicular BC ta-ngent . S8 = 0707 | = 0;?0?
ot s o= . S RiE 3 Sy
Base AB Ao : 60° 2 =T *E
For simplicity, sine 6, cosine @ and tangent 6 are =} 0866 05 0866
written as sin 6, cos 6 and tan 0 respectively. Values of i
these ratios for some frequently used angles are given in o 10 i  |uniimited
the table. ' =

: - e N '2 ©\ﬁ-\
4.5 Determination of a Farce from its
- Prependicuizn € ompa aonents

)
d direction of a force can be found if its perpendicular

componenare known. Applying Pythagorean theorem to the right angled
triangle OAC (Fig.4.11-b).

(OC)y'= (OA) +(AC)’
or ko= ES % F°

Hence, using Eq. (4.4) the magnitude F of the required vector F can be
determined. The direction of Fis given by

BB ... (45)
F

' x feo
o : % @@@ﬁ@
dete rm?:elwc’%

etric ratios or calculator, the value of 6 can be
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Exaﬁﬂle 43

A force of 160 N is acting on a wooden box at an angle of 60° with the
horlzontal dlrect:on Determine the values of its xand y co énen m

Magmtude of force KQ@Q&@
Angle 0 6?%
Usmg calculato =0.866

Fsin®

cos® =cos60°=0.5
x-componentis given by Eq. (4.2)

F,=Fcos® LEE 2
putting the values, F,=160Nx05=80N , :
y-component is given by Eq. (4.3) i Fig.4.12

F,=Fsin® 7

Putting the values, F,= 160N x0.866 = 1386N

4.6 Principle of Moments
To understand the principle of moments, let us pe

_ Bafance a metre rul _w &/at ; .. by such that the metre rule
stays horizontal. Suspendtw ' b\ Sty '. of cme srde ofthefnetre rule at distance &
and ¢ from the centreRey J -.'-.1 n:

again balance NN M

The wetghts w, and wz tend ta rotate the rod antrc!ockmse about CG and the
weaght w, tends to rotate it clockwuse The values of the moments.of the weights are.
W, X & wzx lzamhw3 x g Whenthe métré rule |sbaianced e
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Example 4.4
A metre stick is pinned at its one end O on a table so that it can rotate

freely. One force of magnitude 18 Nis applied perp a length of the
stick at its free end. Another force Of magnitt

with the stick as shové%

from the end of stigk thatlis pinned should the second « — d—> 500
force act the stick does not rotate? o T L1

———Alar—= 3

Fig4.13(a) 18N
Weight of the stick does not affect in the horizontal plane. Resolving

force F of magnitude = 60 N into rectangular components thatact at distance

- dfrompointO: o 60 N
F, = 60Nxcos 30°= 60Nx0.866 =51.96N F '

F,= 60Nxsin30° = 60Nx05 =30N S92l G0
As the component F, passes through the axis <——d'=1.0 m__;.v—F,'

of rotation, its torque is zero. Torque T, of 30 N is jrd.13(b) e N

positive and T, of 18 N force is negative. The sti @(@Men these two
y:x d:

torques balance each others, i.

Mim: N
30 N

4.7 Centre of Gravity and Centre of Mass

An object is composed of a large number of small particles. Each particleis
acted upon by the gravitational force directed towards the centre of the
Earth (Fig. 4.14-a). As the object is small as compared to the Earth, the value of g
can be taken as uniform over all particles. Therefore, each particle experiences
the same force mg. Since all these forces are parallel and act in the same
direction, so their resultant as shown in Fig. 4.14(b) will be equal to the sum of all .
these forces .i.e, ;

Resultantforce=Ymg where 3 meansthe “sum of”

0

Gravitational force acting
on various particles




We know that the sum of the gravitational forces actmg on all particles is
equal to the total weight of the object w = Mg Where = Kﬁxass of the

object. w%
?“ o be acting.

If a body s/ \Skp; ed at its centre of gravity, it stays there without
rotation. The-centre of gravity of an object of regular shape lies atits geometrical
centre. Centre of gravity of some geometrical shapes is giveninTable4.1.

Table 4.1

3 Square, engle s Ponnt of lntersect:on of the dlagonals

Triangle | Ppoint of intersection of the medians
Round plate Centre of the plate

Sphere Centre of the sphere

Cylinder Centre of the axis
Metre rule Centrre\ of the ﬁ,rg%/;/’]@\ @@\5\3\3

oran | ‘n .‘ p ane lamina, the centre of gravity can be found
by suspen eely through different points (Fig.4.15- a) Each time the object
is suspended, its centre of gravity lies on EE o S
the vertical line drawn from the point of
suspension with the help of a plumb line.
The exact position of the centre of gravity is
at the point where two such lines cross
each other as shown in Fig 4.15(b). The
centre of gravity can exist inside a body or
outside the body asisincaseofacup.

Points of

\ suspension

Fig. 4.15(a) Fig. 4.15(b)
Irregular shaped plane lamina

sy For your information!
Newton's second law of motion is apphcable to

single particle or system of partlclss

parts of a system have ‘
system whose

acceleration, thereiss
by applylng second law. | Centre of gravity of a bowl

accelerat
This pointisca Ied the centre of mass of the system. is outside the material.




The centre of mass of a body is that point where the
- whole mass of the body is assumed to be concentrated.

- Hence, the centre of mass behaves asif all the mass of the body or system
is lying at that point. In the Fig. 4.16 given below a rotati h slides along a

frictionless floor. There is no result gjm erefore its centre

of mass, shown byayellow dof 'fo with constantSpeed.
@ o - 0

‘\N\N \3\3\}\) uu

. e

>

Q

'. w

Fig. 4.16: Rotating wrench sliding along a frictionless floor

On the surface of the Earth, where g is almost uniform, the centre of mass
of an object coincides with its centre of gravity.

.8 Equilibrium

We have learnt how translatory and rotatio oti @ﬁbe caused due

to the application of external forces,N yWexternal forces can be
balanced to produx % =4 DoYouKnow? h

rotational effects

We kno er of forces acton a
body such\tha thelr resultant is zero, the body
remains at rest or continues to move with
uniform velocity if already in motion. This state
of the body is known as equilibrium, which can
be stated as:

This is a ascinating
scene of equilibrium.

‘A body is said to be in equilibrium if it has no acceleration.

There are two types of equilibrium:
(i) Staticequilibrium (i) Dynamic equilibrium

A body at rest is in static equrllbnum where )@@m with uniform

velocity is in dynamic equilibrium. O

An example of IS a book lying on the table as shown in

Fig. 4.17. W e acttng on it. One is its weight w = mg acting




downward and the other is F, the normal force that the
table exerts upward on the book. Since the book is at rest
so, it has zero acceleration, Therefore, the sum of all the
forces acting on the book should be zero, so that the

book is said to be in equilibrium. Hence wo ©
(AL
_ )
Q% - Fig. 4.17
This means that forces can act on a body without

Book is in static equilibrium

accelerating it, provided these forces balance each Rope
other. S |

An electric bulb hanging from the ceiling of a Baarn
room, a man holding a box, a beam held horizontal L
against a wall with the help of a rope and a hanging Fig. 4.18 '\Veight

A beam projected from a wall

weight (Fig. 4.18), are all examples of static equilibrium.
gntirg ) L et g is also in static equilibrium

A good example of dynamic equilibrium is a
paratrooper (Fig. 4.19). In a few second after the free

'n this state, the force A
downward on the t s balanced by the

resistance of e parachute acting upward.

4.9 Conditions of Equilibrium A paratrooper is in dynamic equilibrium

YD LT Fascinating Freefall
There are two conditions of equilibrium: :

By Newton's second law of motion, F=ma
fthe body is in translational equilibrium, then a =0,
therefore, net force Fshouldbe 0 or >F=0 ... 4.7)
This is the mathematical form of the first
condition of equilibrium which states that:

R e s gkl =

> R A iy R
A group of paratroopers making

in a formation-af\example of
CAynaTHiOhaHibrium.
A body is said to be in trafslatiopal es riym only if the vector
sum of all the’ ‘* prses-acting on it is equal to zero.
In case a .3- coplanar forces F,, F, F,, ... having their resultant

equalto F, a Ing on a body, these can be resolved into their rectangular
91 i




components, and first condition of equilibrium can be then written as:
Along x-direction, F,+F,+F, +....= 0

or ; YFE=0 v aan (4.8)

Similarly, along y-direction, '

e R

an also be stated as:

The st

\NJ\ mponents of forces along x-axis should be zero and
of all the components of forces along y-axis should also be zero.

the SUM

The second condition of equilibrium implies to the rotational equilibrium
which means that the body should not rotate under the action of the forces.

Consider the example of a rigid body in Fig.4.20. Two forces F, and F,of |
~ equal magnitude are acting on it. In case (a), both the forces act along the same
line of action.

TR g i '

@ ‘@@ i

In case %&@Of action of the two forces are different. Since {

magni ; nd F, are equal, so the resultant force is zero in both the cases. j
Thus, first condition of equilibrium is satisfied. But you can observe that in case

(b), the forces are forming a couple which can apply torque to rotate the body

about point O. Therefore, for a body to be completely in equilibrium, a second

condition is also required. That is, no net torque should be acting. This is the |

second condition of equilibrium which can be stated as:

The vector sum of all the torques acting on
a body about any point must be zero.

Mathematically, we can write: BRSO e e (4.10)
Hence, a body will be in complete equilibrium when,

w@i @W@ o
\




The following steps will help to solve problems by 4 DoYouKnow? h

applying conditions of equilibrium. e,

1. First of all, select the objects to which Egs. (4.8)
and (4.9) are to be applied. Each object should

be treated separately. o N

2. Draw a diagram tgs %ﬁ@ =
forces acting on é@m orces acting Most balancing toys
on the ffd be included. The forces| have a low centre of mass.
which the objects exert on their environment should not be included.

3. Choose a set of x, y axes such that as many forces as possible lie directly
along x-axis or y-axis, it will minimize the number of forces to be resolved
into components. ; | '

4, Resolve all the forces which are not parallel to either of the axes, in their
rectangular components.

5. Apply Egs. (4.8) and (4.9) by putting 3 F, = 0and } F, = 0 to get two
equations.

6. If needed, apply Eq. (4.10) by putting 3t = 0 to getanother e uation.

7. The equations can be solved simultaneous o -‘a d unknown
quantities @ @ 2

4. Ci&mm @

A pictured ed by means of two T} ; S
vertical strings as shown in Fig 421. The Ale 20cm G 20cm g
weight of the picture is 5 N, and it is acting at
its centre of gravity. Find the tension T, & T, in
the two strings.

Total upward force=T,+ T,

Total downward force=w=5N
Tensionsinthestrings, 7,=? and T, =7
Since, there is no horizontal force,so 3 F,= 0

Already SF =0 -

Putting SF,=0, K{X@@
' T ;Ez@ ....................... 0)

Apply 2 ting point B as point of rotation. Here, torque t,0f T, is




negative whereas torque t, of w is positive about point B. T, produces zero
torque asit passes through the point of rotation. Hence, m

or ﬁo@;

; "[,'2
w x B _
putting the vaILb @m 4m=0
or i% 2m -T,x04m=0
| W.@ fre2 i menc ey
04 m

Putting the value of.T, and w in Eq. (i), we have
25N+T,-5N=0
or ,=25N

4.10 States of Equilibrium

An object is balanced when its centre of mass and  its point of support lie on
the same vertical line. Then forces on each side are balanced, and the object is
said to be in equilibrium. There are three states of equilibrium in connection with |
stability of the balanced bodies. 5

a

A body is said-to _ @equiiibrium, if }
aftepasli ck to its original position. 1

Stable equilib rs when the torques arising from the rotation (tilt) of
the Mgl the body back towards its equilibrium position.

The cone shown in Fig4.22(a) is in the state of stable equilibrium. Its weight w
acting downward at the centre of gravity
G and the reaction of the floor F, acting
upward, lie on the same vertical line.
Since these forces are equal and in
opposite direction, so they balance each
other and both the conditions of
equilibrium are satisfied. ' _

As you try to push over the cone slightly, its centre of gravity is raised but it
still remains above the base of the cone. The weight w and the agrmal force F, do
not remain in the same line but act like two unli I@@ - The cone does
not remain in equilibrium. Unlike 2 ‘& sroduce a clockwise torque
which brings the6 = B\ ©F19+Aal position. It is worth noting that the

(b)

Fig. 4.22

body remains in equjl ng its centre of mass lies within the base.
(@]
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Try to balance the cone on its tip. It is balanced for a moment because w and

F_lie along the same line. Even it is slightly tilted, it will not come back to its
original position by itself. Rather it will fall downward, because itmntre of mass

no longer remains above the base. E CcO

topples over, because line of acti
longer lies inside the ba :

this case, ceW fowered on W
tilting and tihues: to fall further. /o
cannot rise up again because the (a) |F.

anticlockwise torque produced by w
moves it further downward.
A body is said to be in a state of unstable equ:hbrium if after a slight
tilt, it tends to move on further away from its original position.

‘A cylinder resting on a horizontal surface (Fig. 4.24) shows the neutral
equilibrium. If the cylinder is rotated slightly, there is no force or torque that

bnngs|tbackto|tsor|g|nalp05|t|onormves away./As h@,@ -

unchanged. In any posit
reaction of the

A body is in  neutral equuhbnum if it comes to rest in its new
position after disturbance without any change in its centre of mass.

Other examples of neutral equilibrium are a ball rolling
on a horizontal surfaces, or a cone resting on its curved
surface (Fig.4.25). |

Fig. 4.25

4.11 Improvement of Stability

It is our daily life observation that a low armchair is more stable than a high

~hair because of its low centre of gravity. The ARAEEEEIERIEAEIIIE

nosition of centre of gravity is very important when || &0
we are talking about stablhty A busca

n e stawre
unstable depending on i ‘@‘}
oads are placed on th @

5, its centre of " g \
gravity will W‘V tis disturbed slightly, a | EEE58 e
A double decker bus is being
torque will bring it back to its original position. it . 5

tilting to test its stability.

.
*_



In this case, the bus is in stable equmbrlum I aded with
steel sheets on the top, the centre Q-_f; | -. ow near to a state of
unstable equilibrium. - s htlytllted The sameis the
case of ships and b ove the stability of a system either by

lowering th tyor by widening the base.

An unstable equilibrium is illustrated in this
figure. A chair in normal position is quite
stable (Fig. a) but it has been turned into an
unstable position by tilting it back on its legs
(Fig. b). In this tilted position, a couple is
formed by its weight w and reaction F, of the
ground. This clockwise couple tends to
overturn chair backward. (a)

possibl S J]\- : -.
their mair bodies. Balancing toys are also very interesting for both children and
elders. Look at some balancing toys shown belows.

(b) (c)

Fig. 4.26: Balancing toys m\l
The physics behind these types af t %ﬁ(’@ built in with
balancing toys. These toys ar Iy stable state and their

centres of gravity aIw ivot point. If the toys are disturbed in
any d|rect|on the ity is raised and it becomes unstable for a
momen t

o its initial stable position by lowering its centre of
gravity.
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The kids learn from these toys about stable systems and how they return to
their state of initial rest position after being disturbed. Educational games on the

basis of balancing toys have also been developed foﬁe kids as’
shownin Fig4.27. @

stablllty of a
racing car, its
centre of mass is
kept as low as
possible. Its
base area is also increased by keeping its
wheels outside of its main body.

Counterparts of velocity, acceleration, force and momentum in
translational motion are angular velocity, angular acceleration, moment of force
(torque) and angular momentum respectively in rotational motion. It suggests
that the torque plays the same role in the rotational m za @qayed by the
force in the translational motion. The tified to predict that

analogous to Newton'sfi ating object will continue to do
so with constant a unless acted upon by a resultant moment
(torque). H a resultant torque is applied to rotating object, it will

accelerate depending on the direction of the torque relative to the axis of
rotation.

This fundamental principle enhances our understanding how objects
move and interact with their environment whether in linear or rotatlonal motion
scenarios.

Motion in a Circle

When a body is moving along a circular path, its
velocity at any point is directed along the tangent
drawn at that point. Figure 4.28 shows that the direction

of tangent at each point on a arcle |s ka (
therefore, the velocity of an obje m \’

speed in a circle is cha e, a force
perpendlcular to of motlon is always Fig-4.28
required to eo Ject moving with uniform speed in a circular path




It should be noted that F is essentially perp .‘... ‘a instance,
ifitis not perpendlculartov the rceF villkhave & ponent in the direction of
As the ody moves with constant

v. This will change the -‘, .
ponent of force along vis Fcos 90° = 0.

d,soiti ible @
speed, soitis possible \

- 4.13 Centripetal Force

We have studied above that an object can move in a circular path with
uniform speed only if a force perpendicular to its velocity is acting constantly on
it. This force is always directed towards the centre of the circle. It is called
centripetal force and can be defined as:

The force that causes an object to move in a circle at
constant speed is called the centripetal force.

For an object of mass m moving with uniform speed v in circle of radius r,
the magnitude of centnpetal force F_ acting on it can be calculated by using the
relation:

Example 45 %@K

‘attached to a string is whirled in a horizontal circle at a
constant speed of 8 m s™. The length of string is 1.2 m. Calculate the centripetal
force acting on the stone. Neglect effects of gravity.

Solution

Mass of stone =m = 150g = 0.15kg
Speed of stone =v:=8ms’
Radiusofcircle =r = 1.2m

Centripetal force=F,=7?

nrirv2

Putting the values, F= 015 kg x (8 m s”)’

sy [0

a\ > petal force has to be
0 be maintained in its circular
uld be the sources of centripetal force?

Using Eq4.11, =

We have learnt
supplied if
path. Wha

Fig. 4.29(a)
A stone whirled in a circle by a string

il il S i




If we tie a stone to one end of a string and whirl it from the other end, we
will have to exert a force on the stone through the string (Fig 4.29-a), If we release
the string when it is at any point P, the stone will fl @ @@
off along the tangent (PQ) to the irﬁm@w o

’ t

move along the same strai

velocity unless anun a@ ctsuponit.
In Asion T in the string was
providing the stone the necessary centripetal force

to keep it along the circular path (Fig 4.29-b).
When we release the string we stop applying force
on the stone and hence it moves in a straight line. Fig. -

Now consider the case of the moon which
moves around the Earth at constant speed. The
gravity of the Earth provides the necessary ¢
centripetal force to keep it in its orbit. Same is the
case of satellites orbiting the Earth in circular paths

with uniform speed. The gravitational pull of G
Earth provides centripetal force. @%&@ satellite orbiting the Earth
©)
One of th I@%m es is a washing e

machine er is a metallic cylinderical e
drum with many small holes in its walls. Wet clothes |
are put in it. When the cylinder rotates rapidly,
friction between clothes and drum walls provides
necessary centripetal force. As the water molecules
are free to move, so they cannot get the required Fig. 4.31
centripetal force to move in circular paths and Washing machine
escape from the drum through the holes. This
results into quick drying of clothes.

Another interesting example is that of a
cream separator. In a cream separator, milk isw@ =
o

whirled rapidly. %“m%@@@@ - _j

Cream seperator

\\Q@W Fig. 4.32

o

NOT FOR




The lighter particles of cream experience |ess centripetal force and gather
in the central part of the machine. The heavier particles of rfmneed greater

centripetal force to keep their circular motion in.gj o(@@é adius r. In this
way, they move away towards the wall @ \J

O“
if the paralle ;l ing in the same direction, then they are called like parallel
forces are acting in opposite directions, they are called unlike parallel forces.

known as moment arm of the force.

* The torque or moment of a force is defined as the Product of the force and the moment
arm.

* Whentwo equal and Opposite, parallel forces act at two different points of the same body,
they form a couple.

* Thecentre of gravity is a point inside or outside the body at which the whole weight of the
body is acting.

* Thecentre of mass of 3 body is that point where the whole masst ft@@&swmed to
be concentrated.
* Abodyissaidtobein equilibrium ifj @

* Abody will be in trans| .. 3 € vector sum of all the external forces
i eairst condition of equilibrium. The vector sum of

acting on it is equal to zen 5 I8\ C
all the torques actj M@ Bady about any axis should be zero. This is second condition of
equilibriw

* Whenabodyisin equilibrium, the sum of clockwise moments about any point equals the

* Abody is said to be in a state of stable equilibrium, if after aslight tilt, it comes back to its
original position.

* Abodyissaid to bein a state of unstable equilibrium, if after a slight tilt, it tends to move
on further away from its original position.

* Abody is in neutral equilibrium, if it comes to rest in its new position after disturbance
without any change in its centre of mass.

QAR W JX’
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4.2.

4.3.

4.4.

4.5.

4.6.

4.7.

4.38.

EXERCISE

A particle Aneous
w‘&‘ﬁﬁ? on the particleis:

(@ 1N (b) between 1TNand 7N (c)5N (d)7N
A force F is making an angle of 60° with x-axis. Its y-component is equal

N

to:

(@) F (b) Fsin60° (c) Fcos60® - (d) Ftan60°
Moment of force is called:

(a) momentarm (b) couple (c) couplearm (d) torque

If F, and F, are the forces acting onabody and t isthetorque produced in
it, the body will be completely in equilibrium, when:

(@ SF=0and >t=0 (b) YF=0 and zw%{m

(c) JF£0and }t=0 >k

A Shopkeeper sells his y“ - \" e having unequal arms of the
pans If he p e pan having shorter arm, then the
( ses (b) gains (c) neither loses norgains  (d) not certain

A man walks on a tight rope. He balances himself by holding a bamboo
stick horizontally. Itis an application of:

(a) law of conservation of momentum

(b) Newton's second law of motion

(c) principle of moments

(d) Newton's third law of motion

In stable equilibrium, the centre of gravity of the body lies:

(a) at the highest position (b) at the lowest position
(c) atany position (d)outside the body
The centre of mass of a body: @@m

(b) lies alwaysOutsideT “ ‘
W% 1e surface of the body
ie within , outside or on the surface

Y :m




4.9.

4.10.

4.1.
4.2.
4.3.
4.4,

4.5.

4.6.

4.7.
4.38.
4.9.

4.10.

B . Short Answer Questions

A cylinder resting on its circular base is in:

(a) stable equilibrium t @@mm
(c) neutral equilibrium @@@ﬁ these

Centripetal force i

(c)_n.?_‘/i ()_m_

rZ

Define like and unlike parallel forces.

What are rectangular components of a vector and their values?

What is the line of action of a force?

Define moment of a force. Prove that t = rFsin@, where 0 is angle between
randF.

With the help of a diagram, show that the resultant force is zero but the
resultant torque is not zero.

Identify the state of equilibrium in each case in the fi /g\ur gug elow.

Give an example of the body which is moving yet in equilibrium.

Define centre of mass and centre of gravity of a body.

What are two basic principles of stability in physics which are applied in
designing balancing toys and racing cars?

How can you prove that the centripetal force always acts perpendicular to
velocity?

C Constructed Response Questions

4.1.

4.2.

4.3.

NOT FOR SALE-PESRP ﬂﬂ?

A car travels at the same speed around two curves with radii For
which radius the car expeneng %ﬁ ce? Prove your
answer.

Aripe mango doe rom the tree. But when the branch of

the tree is go faIIs down easily. Can you tell the reason?

Discus e'concepts of stability and centre of gravity in relation to objects
toppling over. Provide an example where an object’s centre of gravity




affects its stability, and explain how altering its base of support can
influence stability.
4.4. Whyan accelerated body cannot be considered in equili
mg on the fioor

45. Two boxes of the same weight but diffe @\
of a truck. If the truck @ @ h box is more likely to

tumble over? W

Compr@rrmnrl‘.e Questions
N
4.1. Exam the principle of moments with an example
4.2. Describe how could you determine the centre of gravity of an irregular
shaped lamina experimentally.
4.3. State and explain two conditions of equilibrium.
4.4. How the stability of an object can be improved? Give a few examples to

support your answer.

E Numerical Problems

41 Aforce of 200 N is acting on a cart at an angle of 30° vﬁmthe horizontal

direction. Find the xand y-com Qnen g@
;: %g a (173.2 N, 100 N)

4.2 Aforceof300 endicularly at the
kno pen it as shown in the given
figtire. If the knob is 1.2 m away from the hinge,

what is the torque applied? Is it positive or

negative torque?
(360 N m, positive)

4.3 Two weights are hanging from a metre rule at the
positions as shown in the given figure. If the metre
rule is balanced at its centre of gravity (C. G), find
the unknown weight w. (3N)




4.4  Asee-saw is balanced with two children sitting near either end. Child A
weighs 30 kg and sits 2 metres away from the pivot, mle child B weighs
m

40 kg and sits 1.5 metres from the pivot. i @@ otal moment on
each side and determine ift é @ Gilibriu

(60 N)
4.5 Acrowbarisg { it a Kox-as'shown in
the given fi Ure.\the downward force of

plied at the end of the bar,
how much weight does the other end ———— e
bear? The crowbar itself has negligible g‘;:“ 30em——>
weight. ; (1500N)

F :

46: A 30cm long spanner is used to open the nut of a car. If the torque
required for it is 150 N m, how much force F should be applied on the
spanner as shown in the figure given below.

) (500 N)
OHN

4.7: AS5Nball hanging from a rope i$
by a horizontal force F.Therg 2k
60° with the Wn'in the given figure.

DW@ itude of force F and tension T
in g.

(29N, 5.8 N)
4.8: A signboard is suspended by means of two steel T, T,
wires as shown in the given figure. If the weight of ~  l—=Ta—2m
the board is 200 N, what is the tension in the Ry v
strings? (100N, 100 N) & Ager sl 0
4.9:  One girl of 30 kg mass sits 1.6 m from the axis of a 1o l.z'oo N

see-saw. Another girl of mass 40 kg wants to sit on
the other side, so that the see-saw may remain in

per QI

equilibrium. How far away from the axis, t
girl may sit? o 60°
Q}&“ @@ 2m)
W
4.10: Find the “each string as shown in the
giv ,Ifthe block weighs 150 N.

(86.6 N, 173.2 N) PN
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