Turning Effects of Force

Exercise

Section I: Multiple Choice Questions

1. A shopkeeper uses a balance with unequal arms. He puts the standard
weights on the shorter arm. What happens to the customer?
A) Customer gets more goods B) Customer gets less goods
C) Customer gets correct amount D) Nothing changes

2. A man walks on a tight rope holding a bamboo stick horizontally. It is an
application of:
A) Law of conservation of momentum B) Newton’s second law
C) Principle of moments D) Newton’s third law

3. When the line of action of the applied force passes through its pivot point,
then the moment of force acting on the body is:
A) Maximum B) Minimum
C) Zero D) Infinite

4. Asatellite of mass “m” is revolving around the earth with an orbital speed
“v”, If the mass of the satellite is doubled, its orbital speed will become:
A) Double B) Half
C) One-fourth D) Remain the same

5. If speed of a body in circular motion increases, centripetal force:
A) Decreases B) Become zero
C) Increases D) Remain same

6. A stone tied to a string moves in a circle. If string breaks, it moves:
A) Toward center B) Outward
C) Along tangent D) Stops



7. A door 1 m wide requires torque of 20 Nm. What minimum force is
needed at the edge?
A)20N B) 10N
C)5N D)40N
8. A cone is placed on its tip. Its equilibrium is:
A) Stable B) Unstable
C) Neutral D) None of these



Section II: Short Answer Questions

1. Why are door knobs fixed at the edge of the door? What will happen if
the door knob is at the middle of the door?
Ans. Door knobs are fixed at the edge of the door so that the perpendicular
distance from the pivot is maximum. Since torque is given by:
t=dXF
where T is torque, F is force and d is perpendicular distance from pivot, a greater
distance produces greater torque. Therefore, less force is needed to open or close
the door. If the knob is fixed at the middle of the door, the distance decreases, so

less torque 1s produced. As a result, more force will be required to open the door.

2. Why do ice skates effortlessly slide on ice, while your shoes cause
skidding?

Ans. Ice skaters slide easily because the friction between their skates and ice is

very small due to the thin blade and slight melting of ice. This reduced friction

allows smooth motion. Ordinary shoes may skid because there is not enough

friction to provide proper grip on the surface.

3. When standing on a crowded school bus, which stance would provide
better stability and prevent you from being pushed over: legs joined or
legs spread apart?

Ans. Standing with legs apart provides better stability. When the legs are apart,

the base of support becomes wider. A body remains more stable when the vertical

line through its center of gravity falls within a larger base. Therefore, standing

with legs apart helps prevent falling when the bus starts, stops, or turns suddenly.

4. Why is it important for communication satellites in geostationary orbit to

maintain a specific speed?

Ans. A communication satellite must maintain a specific speed to remain above

the same point on Earth in geostationary orbit. If its speed changes, it shifts to a



different orbit and loses its fixed position. This disturbs communication signals,

so maintaining the correct speed is necessary.
5. Why an accelerated body cannot be considered in equilibrium?

Ans. An accelerated body cannot be in equilibrium because equilibrium requires

the net force acting on the body to be zero. According to Newton’s Second Law,
F = ma

If a body is accelerating, then a # 0, so net force F # 0. Since an unbalanced

force is acting, the body is not in equilibrium.

6. Two boxes of the same weight but different heights are lying on the floor
of a truck. If the truck makes a sudden stop, which box is more likely to

topple over? Why?

Ans. The taller box is more likely to topple because its center of gravity is at a
higher position. When the truck stops suddenly, inertia causes the upper part to
keep moving, creating a turning effect. Due to the higher center of gravity, the

turning effect is greater, so it topples easily.
7. Why is outer edge of road kept higher on circular turn?

Ans. The outer edge of a road is raised on a circular turn to provide better stability,
which is called banking of roads. It provides a force toward the center of the
circular path, reducing the chance of skidding outward. This helps vehicles turn

safely, especially at higher speeds.
8. Briefly explain the term ‘Couple’. Also give an example.

Ans. A couple is formed by two equal and opposite forces acting on a body along

different lines of action.

Example:

Turning a steering wheel, opening a water tap, or tightening a jar lid.



9. State conditions of equilibrium and also give their mathematical forms.

Ans.

First condition of equilibrium

The algebraic sum of all forces acting on the body must be zero.

D=0

F1+F2+F3 +Fn =O

Second condition of equilibrium

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

Yr=0

T+ +T3 0.+, =0
10. Demonstrate that rolling friction is much lesser than sliding friction.

Ans. Rolling friction is much smaller than sliding friction because in rolling of
two objects, surface of both object rolls over each other reducing the rolling
friction however, in sliding, surface irregularities oppose motion strongly,
increasing friction. A heavy box moves easily on rollers than by sliding, showing

rolling friction is less.



Section II1: Extensive Answer Questions

1. What is moment of force or torque? On what factors does it depend?
Write its mathematical formula and SI unit.
Ans.

Moment of Force (Torque)

The moment of force or torque is the turning effect produced by a force about a

fixed point or pivot

Examples

» Opening a door

» Tightening a nut with a wrench

Factors on which torque depends

Torque depends on two factors:
» Magnitude of force
Torque (T) in a body is directly proportional to the Magnitude of force (F).

TXF

Greater force produces greater torque.

> Perpendicular distance from pivot
Torque (T) in a body is directly proportional to the Perpendicular distance
from pivot (d).

Ttxd
Greater distance from the pivot produces greater torque.

Mathematical formula

T=dXF
where,

T = torque



F = applied force

d = perpendicular distance from pivot or axis of rotation

SI unit
The SI unit of torque is newton meter (Nm).
t=dXF

T=mXN = Nm

2. Define Equilibrium. Explain the types of equilibrium with examples.

Ans.

Equilibrium

A body is said to be in equilibrium when it has no tendency to change its state of
rest or uniform motion, and also no tendency to rotate. In equilibrium, both the

net force and the net torque acting on the body are zero.

Types of Equilibrium

There are two types of equilibrium:

1) Static equilibrium
A body is in static equilibrium when it is at rest and all forces and torques acting
on it are balanced.
Examples:
e A book lying on a table
e wall clock hanging on a wall
2) Dynamic equilibrium
A body is in dynamic equilibrium when it is moving with constant velocity in a

straight line and the net force acting on it is zero.

Examples:

e A car moving with constant speed on a straight road

¢ A train moving uniformly on a straight track

There are two sub types of dynamic equilibrium.



» Dynamic Translational Equilibrium
» Dynamic Rotational Equilibrium
I. Dynamic Translational Equilibrium
A body is said to be in dynamic translational equilibrium when it is moving

with constant velocity in a straight line, and the net force acting on it is

Sro
Examples

e A car moving with constant speed on a straight road

ZCro.

e A train moving uniformly on a straight track
e A cyclist moving at constant speed
II. Dynamic Rotational Equilibrium
A body is said to be in dynamic rotational equilibrium when it is rotating

with constant angular velocity, and the net torque acting on it is zero.

Z =0
Examples
e A ceiling fan rotating at constant speed
e A wheel rotating steadily
e A rotating disc moving with constant angular speed

3. Explain the States of Equilibrium with daily life examples.

Ans. The types of equilibrium are:
a) Stable equilibrium
b) Unstable equilibrium
c) Neutral equilibrium

a) Stable Equilibrium

A body is said to be in stable equilibrium if, when slightly disturbed, it returns

to its original position.



In stable equilibrium:

« The center of gravity rises when disturbed

« The body tends to come back to its original position
Examples

« A cone standing on its base

« Aball placed in a bowl

« A person standing with feet apart

b) Unstable Equilibrium

A body is said to be in unstable equilibrium if, when slightly disturbed, it
moves farther away from its original position.

In unstable equilibrium:

o The center of gravity lowers when disturbed

o The body does not return to its original position

Examples

o A cone standing on its tip

« A pencil balanced on its point

« Aball placed on top of a hill

Neutral Equilibrium

A body is said to be in neutral equilibrium if, when slightly disturbed, it stays
in its new position.

In neutral equilibrium:

o The height of center of gravity remains unchanged

o The body neither returns nor moves farther away by itself

Examples

« Aball on a horizontal floor

« A wheel or cylinder lying on a flat surface
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4. Define force of friction. What causes friction? What are advantages and
disadvantages of friction? Explain with examples. How can friction be

reduced?

Ans.

Friction

Friction is the force that opposes the relative motion or the tendency of motion
between two surfaces in contact. It acts opposite to the direction of motion.

Cause of friction

Friction is caused by the irregularities present on the surfaces in contact. Even
surfaces that appear smooth have tiny projections and depressions. These
irregularities interlock with each other and oppose motion.

Advantages of friction

Friction is useful in many daily life situations:
» We walk because friction between our shoes and the ground provides grip.
» Tires move without slipping because of friction.
» Brake pads use friction to stop vehicles.
» A pen or pencil writes because friction acts between the tip and paper.
» Friction helps us grip objects.

Disadvantages of friction

Friction also has harmful effects:
» It causes wear and tear: Machine parts, shoe soles, and tires wear out due
to friction.
» It produces heat: Unwanted heat is generated in machines.
» It wastes energy: More force or fuel is needed to overcome friction.
» It slows down motion: Friction opposes movement.
Examples
» Friction helps a bicycle stop when brakes are applied.

» Friction causes shoe soles to wear out.



» Friction in engines produces heat and energy loss.

How friction can be reduced

Friction can be reduced by:
» Lubrication: Oil or grease is used between machine parts.
» Polishing surfaces: Smoother surfaces reduce interlocking.
» Using ball bearings or rollers: Rolling friction is less than sliding friction.

» Using streamlined shapes: This reduces air and water friction.
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Section I1V: Numerical Problems

Q1. A force of 300 N is applied perpendicularly at the knob of a door to open
it. If the knob is 1.2 m away from the hinge, what is the torque applied? Is
it positive or negative torque?

Given

Applied force (F) = 300N
Distance of knob from hinge (r) = 1.2m

Angle between force and door (8) = 90°
Solution

Torque is given by:
T =rFsin6

Since the force is applied perpendicularly, therefore:

sin90° = 1
So,
T=rF
Substituting the values:
7 =1.2%300
|7 =360 Nm|

Torque is positive

Q2. A see-saw is balanced with two children sitting near either end. Child
A weighs 30 kg and sits 2 m away from the pivot, while child B weighs 40 kg
and sits 1.5 m from the pivot. Calculate the total moment on each side and
determine if the see-saw is in equilibrium.

Given

Mass of child A (m4) = 30kg

Distance of child A from pivot (r4) = 2m
Mass of child B (mp) = 40kg

Distance of child B from pivot (rg) = 1.5m



Acceleration due to gravity (g) = 9.8 ms™2
Solution
First, we will find the weight of each child.

Weight of child A:
Wy =mag =30x%x9.8

Wi =294 N

Weight of child B:
Wp = mpg = 40 x 9.8

Wp =392N

Moment (Torque) is given by:

Moment = Force X Perpendicular distance

Moment of child A:
Ta=WaXrg =294 %2
T4 = 588 Nm
Moment of child B:
TBZWBXFB=392X1.5
B = 588 Nm
Therefore,

T4 = 588 Nm = 13

Since clockwise moment is equal to anticlockwise moment, the see-saw is in

equilibrium.
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Q3. A crowbar is used to lift a box as shown in the given figure. If the
downward force of 250 N is applied at the end of the bar, how much weight
does the other end bear? The crowbar itself has negligible weight.

|

Fy

L s - - |

30cm——>

5cm

Given

Applied downward force (F) = 250N
Distance of effort from pivot (d;) = 30cm = 0.30m
Distance of load from pivot (d3) = Scm = 0.05m

Solution

For a lever in equilibrium:
Clockwise torque = Anticlockwise torque

So,
Effort X Effort arm = Load x Load arm

Let the load be W. Then,

250 x 0.30 = W x 0.05

75 = 0.05W
Divide both sides by 0.05:
75
W=—
0.05
W =1500N

Therefore, the other end bears a weight of:
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Q4. A geostationary satellite revolves around Earth in an orbit of radius
42000 km. Find orbital speed of the satellite at this height.

Given

Radius of orbit (r) = 42000km = 4.2 x 10’ m
Time period of a geostationary satellite (7)) = 24 hr = 24 x 3600 = 86400 s
Solution

Orbital speed (v) is given by:

Total distance in one revolution

v Time period

The satellite travels one complete circumference of the orbit in one revolution.

Distance = 2nxr

So,

Substituting the values:

2xmx4.2x107
V=

86400
Using m = 3.14,
2x3.14x4.2x10
Yo 86400
©26.376 x 107
YT 786400

v~ 3052ms”!

Therefore, the orbital speed of the satellite is:

3.05x 10> ms™!

or

3052 ms™!
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Q5. Find the tension in each string as shown in the given figure, if the

block weighs 150 N.

150 N

Given

Weight of the block (W) = 150N

Angle of the inclined string with horizontal (8) = 60°
Tension in inclined string = T

Tension in horizontal string = 75
Solution

At the joint, three forces are acting:

e Tension 77 in the inclined string,
* Tension 73 in the horizontal string,

e Downward weight 150 N.
The vertical component of 77 is:
T1 sin 60°
The horizontal component of 77 is:

T cos 60°




Apply equilibrium in vertical direction
T1sin60° = W

T sin60° = 150

We know that:

sin 60° = ? ~ (0.866
So,
Ty x 0.866 = 150
150
~ 0.866
T, =~ 173.2N

T,

Therefore, tension in the inclined string is:

Apply equilibrium in horizontal direction

T, = T cos 60°

We know that:
cos60° = 0.5
So,
T, =173.2x0.5
T, = 86.6 N

Therefore, tension in the horizontal string is:



