Unir 4 Turning €Effects of Forco

** 1. Define like and unlike parallel forces. IIIustratg>
with an example.

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

Three forces F;, F, >
and F; are shown in c
§ . - 1 F
figure acting on arigid

body different

points. the

forces F; and F, are I
like parallel forces but F,
F, and F; are unlike

parallel forces.

at
Here,

2. What is a rigid body?

If the distance between two points of the body remains
the same under the action of a force, it is called a rigid
body.

3. What is the axis of rotation?

During rotation, all the particles of
the rigid body rotate along fixed
circles. The straight line joining the

Auxis of rotation

centres of these circles is called the y
axis of rotation.

4. What is the line of action of a force?
The line along which the force acts is called th
action of the force. 0\<

e of

5. What is a moment arm? \\S
The perpendicular distance of the line 8f action of a force

from the axis of rotation is know oment arm of the

XY

6. What is the turning efg? aforce?

The turning effect of a fgrcs the force that causes a rigid
body to rotate abo
7. What is th A‘\
examples. §
When & or close a door, we apply force. This force
rotgtes the door about its hinge. This is called the turning
%o’f force. Similarly, we use turning effect of force
whén w

e open or close a water tap.

force, or simply moment ar

Xis.

ing effect of a force? Explain with

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:

e The greater the force, the greater is its turning effect.

e The larger the perpendicular distance of the force
from the axis of rotation, the greater is its turning
effect.
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There are many other examples to observe the turning or
rotational effect of a force:

It is harder to open a door by pushing it at a point closer
to the hinge as compared to pushing it at the handle.
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.

Similarly, it requires greater force to open a nut by a
spanner if you hold it closer (point A) than at a farther

point (point B). \
o)

QY
** 8. What is meant by the mom@\ aforce ortorque?
>

How is it defined and calculaﬁ-.rI
The turning effect of a f(@js easured by a quantity
known as moment of f@ r torque.

A&

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

VA

7
The magniw@of torque is given by:
T=FXxl
gp& (tau) is the torque, F is the applied force, and [
e

moment arm.
he Sl unit of torque is newton metre (Nm).

In figure, the line of action of a
force F is perpendicular to 7,
therefore, momentarm [l =r.
The torque of a force is zero
when the line of action of the
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.

In many cases, the line joining (@
the axis of rotation and point
P, where the force F acts, is
not perpendicular to the force P
F. Therefore, OP will not be

the moment arm for F. In such

F smei

90
~

cases, we need to find a
component of force F that is
perpendicular to OP =1 (as
shown in Fig. a), or we can find
r the component of [ that is
perpendicular to its line of action of force F (as shown in

Fig. b).
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For this, we need to know the method of finding
rectangular components of a force or any vector. This is
also called as resolution of forces.

9. What is a couple and how is it formed?

When two equal and opposite parallel forces act at two
different points of the same body, they form a couple. A
couple is a special type of torque.

10. Can you provide examples of a couple in daily life?
Yes, we observe a couple in
many situations when two
equal and opposite parallel
forces produce torque.
Examples include:

(i) Opening or closing a water tap

(ii) Turning a key in a lock

(iii) Opening the lid of a jar

(iv) Turning the steering wheel of a motor car

In these cases, a pair of equal forces is applied in opposite

directions, producing torque, which is known as a couple.

** 11. How is a force resolved into its components?

By the head-to-tail rule, two or more vectors can be added
to form a resultant vector. The reverse process is also
possible, where a given vector can be divided into two or
more parts, called its components. The process of dividing
a force into its components is known as the resolution of
a force.

Perpendicular component:
Typically, a force is resolved
into two components that
are perpendicular to each
other. These components
are called the perpendicular
or rectangular components
of the force.

Beam of light :J

T S
A A A A A A A
y

84 ________________

Explanation: Consider
force F acting on a body%gt

an angle 8 with the [

0

is,
as shown in Fig. ( ‘bagine
a beam of placed
above th . As the F,

light fa&:?endicularly to

th x-.axis, it casts a 6 > =
s OA of vector F onto Fig.?b)

the x-axis. This shadow,

0A4, is called the x-component of the vector F. Similarly,

if light is thrown perpendicular to the y-axis, the shadow
OB of vector F on the y-axis is the y-component of F.

A component of a vector is its effective value in a given
direction.

The x and y components of the force can be practically
drawn by simply dropping perpendiculars from the tip of

vector F onto the x and y-axes, respectively. The x-
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component of force F is denoted as F,, and the y-
component is denoted as F,.

From Fig. (b), it is clear that F is the resultant vector of
components F, and F,. Additionally, F, and F, are
perpendicular to each other, so they are called the
perpendicular components of vector F. The magnitudes
of the perpendicular components can be determined
using the right-angled triangle OAC in Fig. (b).

Horizontal components F,: The components of force

which is along x — axis is called x — componeﬁ\r
()

horizontal components. \N

Base 0 .
eos b = Hypotenuse o
0A ‘ >
cos@ = AC . &

\
e

Vertical component I he components of force which

is along y — axisj led y — components or vertical

components.
00_ Perpendicular
sin = ——
4 Hypotenuse
OQ - AC
o sinfg = oC
F,
i@ — 2y
Q sin 7
F, = Fsin6

12. How we determine a force from its perpendicular
components?

The magnitude and direction of a force can be found if its
perpendicular components Applying
Pythagorean theorem to the right-angled triangle OAC as
shown in figure b.

are known.

(Hypotenuse)? = (Base)? + (Perpendicular)?
(B2 = (BA)* + (A6)?
F2 = F2 + F?

JF2 = [F? + B
F= |[F2+E (i)

Hence, using equation (i) the magnitude F of the
required vector F can be determined. The direction of F
is given by

— Perp
ane = Base
R AC
an @ = 0A
E
tang = 2
E
F,
0 =tan?! (—y)
E
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13. What is trigonometry and
how are the sides of a right-
angled triangle defined?
Trigonometry is a branch of
mathematics that deals with
the properties of a right-angled
triangle. A Base 3
A right-angled triangle ABC is shown in the figure. Angle
A is denoted by 6 (theta), called the angle of the right-
angled triangle.

> Theside AB is called the base.

> The side BC is called the perpendicular.

> Theside AC is called the hypotenuse.

The ratio of any two sides is given specific names in

The values of the moments of the weights are:

> wy X 1y,

> wy X I,

> ws X .

When the metre rule is balanced, then
Total anticlockwise moments = Total clockwise moments

Wy X L)+ Wy X ) =ws X3
This equation verifies the principle of moments.

** 15. What is meant by the centre of gravity of a body?

How can it be found for regular shapes? g

Centre of gravity is that point where total weight of the
body appears to be acting.

An object is composed of a large
number of small particles. Each

tr!gonometry. Th(?se ratios form the basis of wartidle i apred upon by e
trigonometric functions. o y
gravitational force directed
il Perpendicular towards the centre of the Ear (
sint = Hypotenuse (Fig. a). As the object is sm Gravitatiqnalforce‘alcting
Base compared to the Ear the s PR
cos ) = ————— Fig. ()
Hypotenuse value of g can b en as
tan i — Perpendicular uniform over a icles. Therefore, each particle
Base experiences tb me force
Angle (0) sin 0 cos 6 tan 0 g ’0
0 0 1.0 0 Since these forces are
30° l V3 i pa @and act in the same
2 2 V3 @ion, their resultant, as
45° i i 1.0 :\ own in Fig. b, will be equal to Res”'ta";.g“’(‘:)tat'ona' e
V2 V2 » & the sum of all these forces. -
= 1 .
60 \/75 5 V3 That is:
920° 1.0 0 0\\00 w = Mg, where M = Ym = mass of the object

14. State and explain the principle of m\\ents.
The principle of moments is definedGsy ®
=169

When a body is in balanced position, the sum of clockwise
moments about any point equals the sum of anticlockwise
moments about that point.

If a body is supported at its centre of gravity, it stays there
without rotation.

The centre of gravity of an object of regular shape lies at
its geometrical centre.

To understand t ;inciple, consider a metre rule
balanced on a e at its centre of gravity (CG) so that

the rule sta iZontal.

| e .
w, W,

Suppose two weights w; and w, are suspended on one

side of the metre rule at distances [; and [, from the

centre, and a third weight w; is suspended on the other

side at distance I3, until the rule is again balanced.

> The weights w; and w, tend to rotate the rod
anticlockwise about CG.

> The weight w; tends to rotate it clockwise.
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Centre of Gravity of Some Regular Shapes

Object Centre of Gravity

SYUAre, Point of intersection of the diagonals
Rectangle

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

Sphere Centre of the sphere

Cylinder Centre of the axis

Metre rule | Centre of the rod

** 16. What is meant by the centre of mass? How does
it relate to Newton’s second law of motion?

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

Newton’s second law of motion is applicable to a single
particle or a system of particles. Even when the parts of a
system have different velocities and accelerations, there
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is still one point in the system whose acceleration can be
found by applying the second law. This point is called the
centre of mass of the system.

Hence, the centre of mass behaves as if all the mass of
the body or system is lying at that point.

In figure, a rotating wrench slides along a frictionless
There
Therefore, its centre of mass, shown by a dot, follows a
linear path with constant speed.

floor. is no resultant force on the wrench.

17. How can the centre

Points of
of gravity of an Pem—
irregular shaped object
be found?

To find the centre of
gravity of an irregular
shaped plane lamina, it
can be suspended freely
through different points (Fig. a). Each time the object is

suspended, its centre of gravity lies on the vertical line

drawn from the point of suspension using a plumbline. (i)

The exact position of the centre of gravity is at the point

Fig. (a) Fig. (b)

where two such vertical lines cross each other, as showém\

in Fig. b.

Note: The centre of gravity can exist inside aﬁy or
outside the body as is the case with a cu&(e tre of
gravity of a bowl is outside the materi

*18. What is meant by equilibriu
with examples. ~

plain its types

Since the book is at rest, it has zero acceleration.
Therefore, the sum of all the forces acting on the book

should be zero, so the book is said to be in equilibrium.

FE,—w=0
E,=w

This means that forces can act on a
body accelerating it
provided these forces balance each
other.

without

X

Rope

Other examples of static equilibrium are:

(i) An electric bulb hanging from
the ceiling of a room.

(ii) A man holding a box.

(iii) A beam held horizontal against 3 %

wall with the help of a rope. Q\

Wall

Beam

Weight

Dynamic Equilibrium: A body moving with uniform
velocity is said to be in dynamic equilibrium.

A good example is a a@%oper. Afew
seconds after thbree fall, the
parachute ope a little later, the
paratrooper, s descending with a
uniform v ty. In this state:

The ogce of gravity acting vertically

d@ward is balanced by

resistance of air on the parachute acting upward.

Thus, the body moves with no acceleration, meaning it is
in dynamic equilibrium.

*19. What is the First Condition of Equilibrium? Explain
its mathematical form.

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

A body is said to be in translational equilibrium only if the
vector sum of all the external forces acting on it is equal
to zero.

N4
If a number of forces &cn a body such that their
resultant is zero, the remains at rest or continues to
move with unifo

state of the bo

stated as: @

ocity if already in motion. This
known as equilibrium, which can be

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

There are two types of equilibrium:
1. Static equilibrium
2. Dynamic equilibrium

According to Newton’s second law of motion,
F =ma
If the body is in translational equilibrium, then
a=0
Therefore, net force
F=0 or YF=0

This is the mathematical form of the first condition of
equilibrium, which states:

Static Equilibrium: A body at rest is said to be in static
equilibrium.

An example of static equilibrium is a book lying on a table
as shown in figure. Only two forces are acting on it:

(i) Its weight w = mg acting downward, and
(ii) The normal force F, that the table exerts upward.
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A body is said to be in translational equilibrium only if the
vector sum of all the external forces acting on it is equal
to zero.

In case a number of coplanar forces F; , F, , F5 ,... having
their resultant equal to F, are acting on a body, these can
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be resolved into their rectangular components, and the
first condition of equilibrium can then be written as:

Along x-direction.:

Fix+Fp+Fy+-=0
YE =0

Along y-direction:
Fiy+Fy+Fy+-=0

YE, =0
Thus, the first condition of equilibrium can also be stated
as:

The sum of all the components of forces along the x-axis
should be zero, and the sum of all the components of
forces along the y-axis should also be zero.

*20. What is the Second Condition of Equilibrium?
Explain with example and mathematical form.

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

Mathematically, we can write:

Yt=0
Hence, a body will be in complete equilibrium when,
{EIFk:Z
Zf& =
and Yt =0

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

Consider the example of a rigid body shown in figur(;e

(@) (b)

N

Two forces F; and F, of e gnitude are acting on it:

(i) In case (a), both fsc ct along the same line of

action. 0

(i) In case (b), lines of action of the two forces are
dlffer

Since the Ehagnltude of F; and F,are equal in both cases,

ultant force is zero. Thus, the first condition of
brium is satisfied.

However, in case (b), the forces form a couple which can
produce torque and rotate the body about point O.
Therefore, for the body to be in complete equilibrium.

21. What are the steps to solve problems using the
conditions of equilibrium?

To solve problems by applying the conditions of
equilibrium, the following steps should be followed:
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1. Select the object(s) to which Egs.
2E, = 0 are to be applied.

» Each object should be treated separately.

2. Draw a diagram showing the object and all the
forces acting on it.

» Only include the forces acting on the
object, not the forces it exerts on other
bodies.

3. Choose a set of x and y axes such that as many
forces as possible lie along the axes.

YE. =0 and

» This will reduce the number of fwc&t
need to be resolved into compgnestts.
4. Resolve all the forces which are®§arallel to
either axis into their rectang mponents.
)
5. Apply the first condition of ibrium using:

*'
» YE, =0 &
to obtair&aquations.

6. If nec @ apply the second condition of
equi@n using:
0 ¢
> Yt=0

to obtain a third equation.
e the equations simultaneously to find the desired
nknown quantities.

> YFE =0

These steps ensure proper application of the conditions
of equilibrium to solve force-related problems in
mechanics.

22. What are the 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
the stability of the balanced bodies:

(i) Stable Equilibrium

(ii) Unstable Equilibrium

(i) Neutral Equilibrium

*23. What is stable equilibrium? Explain with an
example.

A body is said to be in a state of stable equilibrium, if after
a slight tilt, it comes back to its original position.

Explanation: Stable equilibrium occurs when the torques
arising from the rotation (tilt) of the object compel the
body back towards its equilibrium position.

The cone shown in figure (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.
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Since these forces are equal and in opposite direction,
they balance each other, and both the conditions of
equilibrium are satisfied.

@ ¢
As you try to push over the cone slightly,
centre of gravity is raised but it still remains above
the base of the cone. The weight w and the
normal force F, do not remain in the same line but act
like two unlike parallel forces.

its

The cone does not remain in equilibrium. Unlike paralle(i)
forces produce a clockwise torque, which brings the cone
back to its original position.

It is worth noting that the body remains in equilibrium as
long as its centre of mass lies within the base. (ii

*24. What is unstable equilibrium?

A body is said to be in a state of unstable equilibrium if,
after a slight tilt, it tends to move further away from its
original position.

Explanation: Try to
balance a cone on its
tip. It may
balanced

remain

for a

moment because the o i
weightw and the ks -
normal reaction F,, lie -

along the same vertical line. However, \Ya slight tilt
causes it to fall over, because its cen%’ mass no longer

remains above the base.

It topples because the lin&'tion of the weight no
longer lies inside the bageNIn this case, the centre of
gravity is lowered or@ng and continues to fall further.

It cannot rise up a ecause the anticlockwise torque
produced by weiglit moves it further downward.

*25, WlRt % ral equilibrium?

(a)

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

Explanation: A cylinder resting on a Fa
horizontal surface figure shows neutral
equilibrium. If the cylinder is rotated G
slightly, there is no force or torque that

w

brings it back to its original position or
moves it further away. As the cylinder rotates, the
height of the centre of mass remains unchanged.

In any position of the cylinder, its weight w and the
reaction of the ground F, lie in the same vertical line.
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Other examples of neutral equilibrium are:
> Aball rolling on a horizontal surface
> A cone resting on its curved surface

*26. How can the stability of an object be improved?
Stability of an object depends on the position of its centre
of gravity.

It is our daily life observation that a low armchair is
more stable than a high chair because of its low centre
of gravity.

The position of the centre of gravity is very im;@}ﬂ
when we are talking about stability. For examp@a bus
can be stable or unstable depending
loaded:

ow it is

If the heavy loads are placed on t 1 or of the bus, its

centre of gravity will be low. Now js disturbed slightly,

a torque will bring it back toﬁ&riginal position. In this
lum.

case, the bus is in stable @b

If the same bus is lo e&ith steel sheets on the top, the
centre of gravity,
unstable equilfdn

slightly tilte
@

The s&'s the case for ships and boats.
w improve the stability of a system either by:

:owering the centre of gravity

ised. It is now near to a state of
. A couple will turn it over if it is

[ J
& Widening the base

27. What are the applications of stability in real life?

Stability is an important concept that is widely applied in

engineering and daily life to ensure safety and balance in

various systems.

1. Racing Cars: To prevent toppling over at high speeds

and during sharp turns:

e Racing cars are designed with a low centre of mass.

e Their base area is made wide by placing the wheels
farther apart and outside the main body. This design
improves the car’s stability and helps it stay balanced
on the track.

2. Balancing Toys: Balancing toys are designed to always

return to their original position after being disturbed.

e These toys have their centre of gravity below the
pivot point, making them very stable.

e When tilted, the centre of gravity rises, making the
toy temporarily unstable.

¢ Due to its design, the toy quickly returns to its stable
position by lowering its centre of gravity.
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28. What are the counterparts of velocity, acceleration,
force, and momentum in rotational motion?
Counterparts of velocity, acceleration,
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 motion that is played by the force in the
translational motion.

force and

29. How does Newton’s First Law apply to rotational
motion?

A rotating object will continue to rotate with constant
angular velocity unless acted upon by a net external
torque. This is similar to how an object in translational
motion continues with constant velocity unless acted
upon by a net external force.

30. Why does a body moving in a
circle need a perpendicular
force?

When a body is moving along a
circular path, its velocity at any
point is directed along the
tangent drawn at that point. As
shown in figure the direction of the tangent at each point
on the circle is different, the velocity is constantly

<

changing. Hence, a force perpendicular to the direction Of..\r

motion is always required to keep the object moving wi
uniform speed in a circular path.

31. Why must the force be perpendicular to,t‘@outy
in circular motion?

It should be noted that F is essentiall

v. If not, F would have a componentj VX
which would change the magnitu
body moves with constant s

the component of force J\ is Fcos90° = 0.
orce?

*32. What is centripw

endicular to
direction of v,
elocity. Since the
is is only possible if

circle PQ, with constant velocity Q

unless an unbalanced force acts p
upon it. ~
34. What provides the

centripetal force for the moonin

its orbit around the Earth?

The gravity of the Earth provides

the necessary centripetal force

to keep the moon in its orbit with constant speed.

35. How does a washing machine dryer use centrig®gal
force? J 8‘
A washing machine dryer is a metallic cylin ica\ drum
with many small holes in its walls. Whe cylinder
rotates rapidly, friction between th es and the
drum walls provides the necessary ipetal force. As
the water molecules are free to e, they cannot get
the required centripetal forceoenfove in circular paths
and escape from the drur@h the holes. This results
in quick drying of cIoth@

m separator utilize centripetal

36. How does

force?

In a cream #ton milk is whirled rapidly. The lighter

particles ofpctPeam experience less centripetal force and

gath he central part of the machine. The heavier

party of milk need greater centripetal force to keep
circular motion in circles of small radius r. As a

esult, they move away towards the walls of the
separator.

** 37. Define moment of a force. Prove that T =
rF sin 8, where 0 is angle between r and F.

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

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

For an obje gss m moving with uniform speed v in
a cwcle& us r the centripetal force F, is given by:

mv?
33. What is the source of centripetal force when a stone
is whirled in a circle by a string?
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 as shown in figure. The tension (T) in
the string provides the necessary centripetal force to
keep the stone along the circular path. When we release
the string, we stop applying force on the stone, and
hence, it moves in a straight line along the tangent to the
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As

T=IF -
applied at
certain angle 6 to position
vector then its moment arm

When force is

can be find resolving position
vector or force into rectangular
components. From figure

moment arm =1l =rsin0
Thus equation (i) becomes

7= (rsin@)F

T=rFsin@
** 38, Identify the state of equilibrium in each case in
the figure given below.

e

(a) (b) @
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(a) In figure (a) cone resting on its base. This object is in
stable equilibrium. Returns to original position after
tilt.

(b) Infigure (b) hemisphere with a ball on top. This object
is in unstable equilibrium. Topples away after tilt.

(c) In figure (c) cylinder lying on its side. This object is in
neutral equilibrium. Stays in new position.

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

A paratrooper falling at constant velocity is in dynamic

equilibrium because: " 0\
(i) Gravitational force (down) = Air resistance (up)

SYF=0 00'

(i) No acceleration because paratrooper is in uniform

motion o &

(ii) Meets both equilibrium conditions Q\
** 40. What are two basic principles of stability physics A .
which are applied in designing balancing toys and racing &

cars? e

The two basic principles of stability physics applied in b

designing balancing toys and racing cars are: 0

(i) Lowering the center of gravity o

(ii) Widening the base area ’0

These principles are implemented in: Q

Racing cars: Designed with low center of mass and wide o

wheelbase o

Balancing toys: Configured with center of gravity beIow°\®
the pivot point

** 41. How can you prove that the centripet@ﬂ)?e
always acts perpendicular to velocity? °
An object moves in a circular path with m®m speed
only if a force is perpendicular to its ve.I\ ’

The direction of velocity is along t éent at any point
on the circle. The centripetal& is directed towards
centre of circle perpendic elocity to keep the body

in its circular path. \

** With the help o&gram, show that the resultant
force is zero but sultant torque is not zero.

Yes, it is e the
resultan f(@ zero but
the res&vt torque is not
zer@They can occur when

f o not lie along the
same line and cause

rotation.

For example, turning staring wheel of a motor car, we
apply pair of equal forces in opposite direction the torque
in this way couple.
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