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1. FORCE
Multiple Choice Type (MCQ)

1. which of the following is NOT an effect of force?

(a) Changing the state of motion of a body

(b) Changing the shape of abody

(c) Changing the direction of motion of a body

(d) Maintaining the state of rest or uniform motion of a body
Answer: (d)

2. The S.l. unit of forceis:

(a) Dyne

(b) Joule

(c) Newton

(d) Watt

Answer: (c)

3. The turning effect of aforceis called:

(8) Momentum

(b) Torque

(c) Work

(d) Energy

Answer: (b)

4. The moment of forceis calculated by:

(a) Force/ Distance

(b) Force x Distance

(c) Force + Distance

(d) Force - Distance

Answer: (b)

5. If aforce of 10 N isapplied at a perpendicular distance of 2 meters, what is the moment of force?
(@ 5Nm

(b) 20 Nm

(c) 12Nm

(d) 8Nm

Answer: (b)

6. Where isthe center of gravity of auniform circular disc located?
(a) At itsedge

(b) At its center

(c) At any point on its circumference

(d) Outside the disc

Answer: (b)

7. Which of the following statementsiis true about center of gravity?
(a) It isthe point where the entire weight of an object appearsto act.
(b) It isaways located inside the object.

(c) It isindependent of the object's shape.

(d) It isthe same as the center of mass.

Answer: (a)
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8. A coupleisformed by:

(a) Two equal forces acting in the same direction.

(b) Two unegual forces acting in opposite directions.

(c) Two equal and parallel forces acting in opposite directions.
(d) Two unegual and parallel forces acting in the same direction.
Answer: (c)

9. The principle of moments states that in equilibrium, the sum of clockwise momentsisequal to the:
(a) Sum of anticlockwise moments

(b) Difference of clockwise and anticlockwise moments

(c) Product of clockwise and anticlockwise moments

(d) Quotient of clockwise and anticlockwise moments

Answer: (a)

10. In abalanced see-saw, the moments of forces acting on both sides are;
(a) Unequa

(b) Equal

(c) Zero

(d) Negative

Answer: (b)

11. A force can:

(a) change the speed of an object.

(b) change the direction of an object.

(c) change the shape of an object.

(d) dl of the above.

Answer: (d)

12. Theforce of friction always acts:

(a) inthe direction of motion.

(b) opposite to the direction of motion.

(c) perpendicular to the direction of motion.

(d) none of the above.

Answer: (b)

13. The center of gravity of auniform rod islocated at:

(a) one end.

(b) the middle.

(c) any point on the rod.

(d) none of the above.

Answer: (b)

14. Which of the following is an example of a non-contact force?
(a) Forceof friction

(b) Gravitationd force

(c) Tensionin astring

(d) Force exerted by a spring

Answer: (b)

15. The magnitude of the moment of aforce depends on:

(a) the magnitude of the force.

(b) the perpendicular distance from the pivot to the line of action of the force.
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(c) both the magnitude of the force and the perpendicular distance.

(d) neither the magnitude of the force nor the perpendicular distance.

Answer: (c)

These questions cover various aspects of force, including its effects, units, moment of force, center of
gravity, and the principle of moments. They are designed to help students prepare for their ICSE Class
10 Physics exams.

16. The correct expression for forceis:

a) F=md or F = ma(mass m is constant)

b)F =m¥ or F = mv

O)F=mp orF=mp

d) None

Answer

a) F =md or F =ma

Reason — Newton's second |law of motion statesthat F = md or F = ma, or net force isequa to
mass times accel eration (when mass mis constant).

17. The motion of astationary rigid body in a straight path when aforce is applied in the direction of
forceis called:

a) rotational motion

b) linear motion

¢ )angular motion

d) zigzag motion

Answer

linear motion

Reason — Linear mation refers to the motion of an object in astraight line, such as when a stationary
rigid body moves in response to aforce applied in the direction of the force.

18. The motion of adoor when aforceis applied onits handleis:

a) rotational motion

b) linear motion

¢) angular motion

d) zig-zag motion

Answer

a) rotational motion

Reason — If abody is pivoted at a point and the force is applied on the body at a suitable point, it
rotates the body about the axis passing through the pivoted point. Thisisthe turning effect of force
and the motion of body is called the rotationa motion.

19. The moment of aforce about a given axis depends on:

a) only on the magnitude of force

b) only on the perpendicular distance of force from the axis

¢) neither the force nor the perpendicular distance of force from the axis

d) both, the force and its perpendicular distance from the axis.

Answer

d) both, the force and its perpendicular distance from the axis

Reason — The moment of aforce (also known as torque) about an axisis calculated by multiplying
the magnitude of the force by the perpendicular distance from the axisto the line of action of the
force. So, it depends on both the magnitude of the force and its perpendicular distance from the axis.

- Pagel]1/3



SENJEE (Skylimit Education for NEET & JEE)
Madhyamgram, Kolkata-700132

20. For producing the maximum turning effect on a body by a given force, the perpendicular distance
of the line of force from the axis of rotation should be:

a) minimum

b) it does not matter

C) maximum

d) zero

Answer

C) maximum

Reason — The torgue produced by aforce about an axis depends not only on the magnitude of the
force but also on the perpendicul ar distance from the axis of rotation to the line of action of the force.
Increasing this distance (having it at a maximum) maximizes the torque produced by the force.

21. 10" dynecmisequal to............... Nm.

al

b) 10

c) 100

d) 1000

Answer

al

Reason — 10’ dynecm =1 Nm

22. The moment of force for anticlockwise moment istaken as................ and for clockwise moment is

a) positive, negative

b) negative, positive

C) positive, positive

d) negative, negative

Answer

b) positive, negative

Reason — The moment of force for anticlockwise moment is taken as positive and for clockwise
moment is taken as negative.

13. The direction of rotation of a pivoted body can be changed by changing:

a) the direction of force

b) the point of application of force

¢) both the direction of force and the point of application of force

d) the magnitude of force

Answer

¢) both the direction of force and the point of application of force

Reason — The direction of rotation of a pivoted body depends on both the direction of the applied
force and the point at which the force is applied relative to the pivot point. Changing either or both of
these factors can alter the direction of rotation of the body.

24. A coupleisformed when ............... are not acting along the same line

a) two unequal and parallel forces

b) two equal and parallel forces

¢) two equal and opposite parallel forces

d) two unegual and opposite parallel forces

Answer

¢) two equal and opposite paralel forces
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Reason — Two equal and opposite parallel forces, not acting along the same line form a couple.
25. As per the principle of momentsin equilibrium :

a) Sum of anticlockwise momentsis greater than sum of clockwise moments

b) Sum of anticlockwise momentsis equal to sum of clockwise moments

¢) Sum of anticlockwise momentsisless than sum of clockwise moments

d) none of the above

Answer

b) Sum of anticlockwise momentsis equal to sum of clockwise moments

Reason — According to the principle of momentsin equilibrium :

sum of anticlockwise moments = sum of clockwise moments.

26. A body is acted upon by two unequal forces in opposite directions, but not in the sameline. The
effect isthat:

a) the body will only have rotational motion

b) the body will only have trandational motion

¢) the body will have neither rotational motion nor trandational motion

d) the body will have rotational as well as translational motion.

Answer

d) the body will have rotational as well as trandational motion

Reason — When a body is acted upon by two unequal forcesin opposite directions, but not in the
same line, then the effect isthat the body will have rotational as well astrandational motion.

27. Out of the following which oneis an example of dynamic equilibrium ?

(1) Moon revolving around the earth

(2) A pebble fixed at the end of astring whirling in acircular path

(3) An aeroplane moving at a constant height

(4) A beam balance balanced in a horizontal position.

a) (3) and (4)

b) (1), (2) and (3)

c) (1) and (2)

d) (1) and (3)

Answer

b) (1), (2) and (3)

Reason — Dynamic equilibrium refers to a state where two or more opposing processes occur at the
same rate, resulting in a stable overall condition.

Moon revolving around the earth is an example of dynamic equilibrium as the gravitational force
pulling the moon towards the Earth is balanced by the centrifugal force of the moon's motion,
resulting in a stable orbit.

A pebblefixed at the end of a string whirling in acircular path is also an example of dynamic
equilibrium as the tension in the string pulling the pebble towards the center is balanced by the
centrifugal force of the pebble's motion, keeping it in astable circular path.

An aeroplane moving at a constant height is also an example of dynamic equilibrium. It achieves
dynamic equilibrium when upward lift on it balances its weight downwards.

A beam balance balanced in a horizontal position is not an example of dynamic equilibrium because
the balance may remain still, it's a static equilibrium where opposing forces (gravity pulling down on
each side of the balance) are already balanced without any ongoing processes happening.

28. Which of the following quantities remains constant in uniform circular motion?

a) Veacity
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b) Speed

¢) Acceleration

d) Both velocity and speed

Answer

b) Speed

Reason — In uniform circular motion, where an object travels along a circular path at a constant
speed, the direction of motion changes continuously, implying the presence of acceleration. Hence,
velocity changes due to change in direction and speed remains constant.

29. The direction of motion in circular motion :

a) islinear

b) is along the tangent at that point of the circular path

c) towards the centre

d) none of these

Answer

b) is along the tangent at that point of the circular path

Reason — In circular motion, the direction of motion of an object is aong the tangent at that point of
the circular path where the object islocated at any given moment.

30. The direction of centripetal forceisalways:

a) aong the tangent at that point of the circular path

b) towards the centre

¢) outwards from the centre

d) none of the above

Answer

b) towards the centre

Reason — The centripetal force is always directed towards the center of the circular path. It is
responsible for keeping an object moving along the curved path by continuously changing its
direction towards the center without altering its speed. This force acts perpendicular to the direction of
motion, pointing inward, towards the center of the circular path.

31. Centrifugal forceis:

a) ared force

b) the force of reaction of centripetal force

c) afictitious force

d) directed towards the centre of the circular path

Answer

c) afictitiousforce

Reason — The centrifugal force is afictitious force because it is assumed to exist only to explain
observations made from the frame of reference of an observer who isaso moving in acircular motion
along with the object that is being observed.

32. The difference between centrifugal force and centripetal forceis:

a) they both act in the same direction

b) they both act in opposite direction

¢) they both have different magnitudes

d) none of the above

Answer

b) they both act in opposite direction
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Reason — Centripetal Force isareal force which acts towards the centre of the circle whereas
centrifugal force is an assumed force which acts away from centre of the circle. Both the forces act in
opposite directions.

33. Which of the following is an example of uniform circular motion?

a) acar accelerating on a straight road

b) a pendulum swinging back and forth

c¢) asatellite orbiting the earth at a constant altitude

d) aball rolling down ahill

Answer

c¢) asatellite orbiting the earth at a constant altitude

Reason —

A satdllite orbiting the Earth at a constant atitude experiences uniform circular motion because it
maintains a constant speed while continuously moving along a circular path around the Earth.

The car moving along a straight path and may be changing its speed, but it is not following a circular
path.

A pendulum exhibits periodic motion asit swings back and forth due to gravity but it is not circular
motion.

Thebdl isrolling along a sloped path, not acircular one.

Very Short Questions

1. State the condition when on applying aforce, abody has:

(a) trandational motion

(b) rotational motion.

Answer

(a) Trandlation motion is produced when abody is free to move.

(b) Rotational motion is produced when the body isfixed at a point.

2. State whether the moment of forceisascalar or vector quantity?

Answer

The moment of force is avector quantity.

3. Write the expression for the moment of force about a given axis.

Answer

The expression for the moment of forceis given by:

Moment of force about a given axis = Force x perpendicular distance of force from the axis of
rotation.

4. State one way to reduce the moment of a given force about a given axis of rotation.

Answer

The moment of force can be reduced by decreasing the perpendicular distance of force from the axis
of rotation.

4. State one way to obtain a greater moment of aforce about a given axis of rotation.

Answer

We can obtain a greater moment of force by increasing the perpendicular distance of force from the
axis of rotation.

6. Complete the following sentences:

(i) The S.I. unit of moment of forceis...............
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(i) In equilibrium algebraic sum of moments of all forces about the point of rotation is................

(iii) In beam balance when the beam is balanced in a horizontal position, itisin............... equilibrium.
(iv) The moon revolving around the earth isin ............... equilibrium.
Answer

(i) The S.I. unit of moment of forceis Newton metre (Nm)

(i1) In equilibrium agebraic sum of moments of al forces about the point of rotation is zero.

(iii) In beam balance when the beam is balanced in a horizontal position, itisin static equilibrium.
(iv) The moon revolving around the earth is in dynamic equilibrium.

Short Questions

1. Define moment of force and stateits S.I. unit.

Answer

The moment of forceis equal to the product of the magnitude of the force applied and the
perpendicular distance of the line of action of the force from the axis of rotation(or pivoted point).
The S.I unit of moment of force is Newton x meter = Newton meter (Nm)

2. State two factors affecting the turning effect of aforce.

Answer

The following are the two factors on which moment of force about a point depends

(a) The magnitude of the force applied and,

(b) The distance of the line of action of the force from the axis of rotation(or the pivoted point).

3. When does a body rotate? State one way to change the direction of rotation of abody. Give a
suitable example to explain your answer.

Answer

If abody is pivoted at a point and the force is applied on the body at a suitable point, it rotates the
body about the axis passing through the pivoted point.

The direction of rotation can be changed by changing the direction of force.

Figures given below shows the clockwise and anticlockwise movement in acircle pivoted at the
centre by changing the point of application of force F from A to point B

Clockwise
(Negative)

B
® Disc

A

Anticlockwise
(Positive)

4. What do you understand by the clockwise and anticlockwise moment of force? When isit taken

positive?
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Answer

If the effect on the body isto turn it clockwise, moment of forceis called the clockwise moment and it
is taken as negative, whileif the effect on the body is to turn it anticlockwise, moment of forceis
called the anticlockwise moment and it is taken as positive.

5. Why isit easier to open adoor by applying the force at the free end of it?

Answer

It is easier to open the door by applying the force at the free end because when the perpendicular
distanceislarge lessforceis required to turn the body.

6. The stone of hand flour grinder is provided with a handle near itsrim. Give areason.

Answer

The stone of hand flour grinder is provided with a handle near its rim so that by applying small force
at the handle it can be rotated easily about the fixed point at its centre.

7. Itiseasier to turn the steering wheel of alarge diameter than that of a small diameter. Give reason.
Answer

It is easier to turn the steering wheel of alarge diameter in comparison to the wheel of a smaller
diameter aslessforceisrequired in thefirst case dueto the larger distance from the centre of the rim.
8. A spanner (or wrench) has along handle. Why?

Answer

A spanner is provided with along handle so asto create alarger turning moment with less force.

9. A jack screw is provided with along arm. Explain why?

Answer

A jack screw which isused to lift a heavy vehicle has along arm so that less force is needed to rotate
it to raise or lower the vehicle.

10. The adjacent diagram shows a heavy roller, with its axle at O, which isto be raised on a pavement
XY. If there isfriction between the roller and pavement, show by an arrow on the diagram the point of
application and the direction of force to be applied. If pivoted at 0, now will it go up?

/ '
Answer

Application of Force hasto be done as shown in the diagram.
No, if pivoted at O it will not go up.

F

Qe

Oe

Damn

11. Define the moment of a couple. Write its S.I unit.

Answer

Moment of coupleis product of either force and the perpendicular distance between the two forces.
The S.I unit of moment of coupleis Nm

12. What do you mean by equilibrium of a body?
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Answer

When a number of forces acting on abody produce no change in its state of rest or of linear or
rotational motion, the body is said to be in equilibrium.

13. State the condition when abody isin

(i) static equilibrium.

(i) dynamic equilibrium.

Give one example each of static and dynamic equilibrium.

Answer

(i) When a body remainsin the state of rest under the influence of severa forces, the body is said to
be in static equilibrium.

Example — A toy lying on afloor isin static equilibrium.

(ii) When a body remains in the same state of motion (translation or rotational), under the influence of
several forces, the body is said to be in dynamic equilibrium.

Example — An apple faling from atree with a constant velocity.

14. State two conditions for a body, acted upon by several forcesto be in equilibrium.
Answer
The two conditions for a body to be in equilibrium are
1. Theresultant of al the forces acting on a body should be zero.
2. Theagebraic sum of moments of al the forces acting on the body about the point of rotation
should be zero.

15. State the principle of moments. Name one device based on it.

Answer

According to the principle of moments, if the algebraic sum of moments of all the forces, acting on
the body, about the axis of rotation is zero, the body isin equilibrium. Therefore, as per the principle
of moments,

sum of anticlockwise moments = sum of clockwise moments

For example, a physical balance works on the principle of moments.

Long Questions

1. A, B and C are the three forces each of magnitude 4N acting in the plane of paper as shownin
figure. The point O liesin the same plane.

(i) Which force has the least moment about O? Give reason.
(it) Which force has the greatest moment about O? Give reason.
(iii) Name the forces producing (a) clockwise, (b) anticlockwise moments.
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(iv) What is the resultant torque about the point O?

Answer

(i)

We know that,

Moment of force = Force x Perpendicular distance

We can see from the given figure that vector C has |east perpendicular distance from point O.
Hence, vector C will have least moment about O.

(if) We know that,

Moment of force = Force x Perpendicular distance

We can see from the given figure that vector A has greatest perpendicular distance from point O
Hence, vector A will have greatest moment about O.

(iii)(a) Clockwise moments are produced by vectors A and B.

Reason : If turning effect on the body is clockwise then moment of forceis called clockwise moment
and it istaken as a negative value.

(b) Anticlockwise moment is produced by vector C.

Reason : If turning effect on the body is anticlockwise then moment of forceis called anticlockwise
moment and it istaken as apositive value.

(iv) Sum of torques due to vectors A, B and C = Resultant torque about point O
—(4%0.9)—(4%0.8)+(4x0.6)Nm=-3.6—3.2+2.4Nm=—4.4Nm—(4x0.9)—(4x0.8)+(4x0.6)Nm=—3.6—3.2+2
ANm=—4.4Nm

S0, the resultant torque is 4.4Nm (clockwise direction).

2. A body is acted upon by two forces each of magnitude F, but in opposite directions. State the effect
of the forces if

() both forces act at the same point of the body.

(b) the two forces act at two different points of the body at a separationr.

Answer

(a) Astwo forces of same magnitude are acting on a body at the same point and they are in opposite
direction so the resultant force will be zero.

F-F=0

(b) When two forces of same magnitude act on abody at two different points at a separationr andin
opposite direction then the moment of force will be Fr

Moment of forces=F x r

3. Draw aneat labelled diagram to show the direction of two forces acting on a body to produce
rotation in it. Also mark the point O about which the rotation takes place.

Answer
7\

F

A

p O

G
o

|

]
F
L
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Two forces of magnitude F act at point A and point B. The body rotates in anticlockwise direction.

4. What do you understand by the term couple? Stete its effect on a body. Give two examplesin our
daily life where couple is applied to turn a body.
Answer
Two equal and opposite parallel forces, not acting along the same line form a couple.
A couple is aways needed to produced arotation.
Two examplesin our daily life where we use couple are:
1. Turning awater tap.
2. Tightening the cap of abottle.

5. Prove that
Moment of couple = Force x Couple arm.
Answer
F
A
A B

v

L

At point A and point B two forces act which rotate the bar in anticlockwise direction.
The perpendicular distance between the two forces called AB is the couple arm.
Moment of force F at A = F x OA (anticlockwise)

Moment of force F at B = F x OB (anticlockwise)

Total moment of couple=F x OA + Fx OB

Fx(OA +0OB)=FxAB

=Fxd

Hence proved : Moment of force = Force x Couple arm

6. Describe a simple experiment to verify the principle of moments, if you are supplied with a metre
rule, afulcrum and two springs with dlotted weights.

Answer
I, VIV 974 I
A B
Ig ol
w, w,
L L

When we hang a metre rule horizontally from a fixed support with the help of a strong thread at point
O as shown.

We use two dotted weights W1 and W>

We hang two spring balances on either side of the thread. The metre rule may tilt to one side.
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We adjust the two spring bal ance distances from the support by keeping one at A and the other at B so
that the scale again becomes horizontal .

Let W, at adistance OA = |1 be the weight suspended on the right side of thread from the spring
balance at A, while W, at adistance OB = |, be the weight suspended on the |eft side of thread from
the spring balance at B.

The weight W1 tendsto turn the scale clockwise and the weight W tends to turn the scale
anticlockwise.

Clockwise moment = W1 X |1

Anticlockwise moment = W- x |,

In equilibrium, when the scale is horizontal, it is found that

Clockwise moment = Anticlockwise moment

SO, W1|1 = W2|2

Hence, the principle of momentsis proved.

Numericals

1. The moment of aforce of 20 N about afixed point O is 10 N m. Calculate the distance of the point
O from the line of action of the force.

Answer

Aswe know,

Moment of Force = Force x Perpendicular distance from the point O

Moment of force=F x r

Substituting values in the above formula we get,

10=20xr

= r=10202010=0.5m

Hence, distance of the point O from the line of action of the forceis 0.5 m.

2. A nut is opened by awrench of length 25 cm. If the least force required is 10 N, find the moment of
force needed to turn the nut.

Answer

It isgiven that,

Required least force = 10N

r=25cm=0.25m

We know, Moment of force=F xr

Substituting the values of F and r we get,

Moment of force=10x 0.25=25Nm

Hence, moment of force needed to turn the nut = 2.5 Nm
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3. A wheel of diameter 2 mis shown in figure with axleat O. A force F=2 N isapplied at B in the
direction shown in figure.

F=2N

Lo
A

Calculate the moment of force about

(i) the centre O, and

(ii) the point A.

Answer

We know from the question,

F=2N

Diameter = 2m

So, Radiusor OB = 1m

(i) Moment of forceat O=Fxr
Substituting the values of F and r we get,
2x1=2Nm2x1=2Nm

(if) Moment of forceat A =F xr
Substituting the values of F and r we get,
2x2=4Nm2x2=4Nm

4. The diagram shows two forces F; = 5N and F, = 3N acting at points A and B of arod pivoted at a
point O, such that OA =2mand OB = 4m

A 2m o 4m B
A I
F, = 3N
F, =5N
Calculate:

(i) the moment of force F1 about O.
(i) the moment of force F2 about O.
(i) total moment of the two forces about O.
Answer

Given,

OA =2m

OB =4m

F1=5N

F2=23N

Aswe know,

Moment of force=F x r
Substituting the values of Fand r

(i) Moment of force F1 about O
5%2=10NmM5%2=10Nm
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Therefore, moment of force F1 about O is 10Nm (anticlockwise)
(it) Moment of force F2 about O

3x4=12Nm3x4=12Nm

Therefore, moment of force F2 about O is 12Nm (clockwise)

(iii) Total moment of two forces about midpoint is
12—-10=2Nm12—10=2Nm

Therefore, total moment of two forces about O is 2Nm (clockwise)

5. Two forces each of magnitude 10N act vertically upwards and downwards respectively at the two
ends A and B of auniform rod of length 4m which is pivoted at its mid-point O as shown. Determine
the magnitude of resultant moment of forces about the pivot O.

10N
[( ——————————————— 4N - m e e e mm 2 >
A o Bl
10N
Answer
Given,
Ab=4m
OA =2m
OB =2m

Forceat A = 10N

Forceat B = 10N

Aswe know ,

Moment of force=Fxr

Substituting the values of Fand r

Moment of force about o at point A
10x2=20Nm clockwisel10x2=20Nm clockwise
Moment of force about o at point B
10x2=20Nm clockwisel0x2=20Nm clockwise
Total moment of forces about the centre O
20+20=40Nm20+20=40Nm

Total moment of force about the pivot O is 40 Nm (clockwise)

6. Figure shows two forces each of magnitude 10N acting at the points A and B at a separation of 50
cm, in opposite directions. Calcul ate the resultant moment of the two forces about the point (i) A, (ii)
B and (iii) O, situated exactly at the middle of the two forces.

F=10N B
[ J
o)
A F=10N
50 cm
Answer
Given,

Forceat A = 10N
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Forceat B = 10N

Distance between A and B = 50cm = 0.5m

() Resultant moment of two forcesat point A is

10%0.5=5Nm clockwise10x0.5=5Nm clockwise

Therefore, resultant moment of two forces at point A is5 Nm (clockwise)
(i) Resultant moment of two forcesat point B is

10%0.5=5Nm clockwise10x0.5=5Nm clockwise

Therefore, resultant moment of two forces a point B is5 Nm (clockwise)
(iii) Perpendicular distance of point O from either of the forcesF = 10N is0.25 m
Moment of force F at point A about O

10x0.25=2.5Nm clockwisel10x0.25=2.5Nm clockwise

Moment of force F at point B about O

10x0.25=2.5Nm clockwisel0x0.25=2.5Nm clockwise

Resultant moment of two forces about 0 is

2.5+2.5=5Nm clockwise2.5+2.5=5Nm clockwise

Therefore, Resultant moment of two forces about o is 5SNm (clockwise)

7. A steering whedl of diameter 0.5m is rotated anti-clockwise by applying two forces each of
magnitude 6N. Draw a diagram to show the application of forces and cal cul ate the moment of forces

applied.

Answer

Moment of couple = either force x couple arm
=6x05=3Nm

LN7

8. A uniform metre ruleis pivoted at its mid-point. A weight of 50 gf is suspended at one end of it.
Where should aweight of 100gf be suspended to keep the rule horizontal ?

Answer

Let us assume that a 50 gf weight produces an anticlockwise moment about the middie point ( 50 cm
).

Now, if aweight of 100 gf produces a clockwise moment about the middle point and d cm be the
distance from the middle.

Aswe know, the principle of moments states that

Anticlockwise moment = Clockwise moment.

50gfx50cm=100gf xdcm=d=50%50100=d=25cm50gfx50cm~=100gfxdcm=d=10050x50=>d=25cm
Therefore, aweight of 100gf will be suspended at a distance of 25cm to keep the ruler balanced.

9. A uniform metre rule balances horizontaly on aknife edge placed at the 58 cm mark when a
weight of 20df is suspended from one end. (i) Draw adiagram of the arrangement. (ii) What is the
weight of the rule?

Answer

(i) Diagram of the arrangement is shown below:
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o 50 58 100

a 1% E

20 gF

(if) Aswe know, the principle of moments states that

Anticlockwise moment = Clockwise moment.
Wx(58-50)=20gf*(100—58)=>W=20x428=W=105gfWx(58—50)=20gfx(100—58)=>W=820x42
=>W=105gf

10. The diagram shows a uniform bar supported at the middie point O. A weight of 40 ¢f isplaced at a
distance 40cm to the left of the point O. How can you balance the bar with aweight of 80 gf?
40 gf
1 =
o & + v v 3 v oy el
50 40 30 20 10 A 10 20 30 40 50 cm

Answer

From the given figure we can see that,

Anticlockwise moment = 40 gf x 40 cm

Clockwise moment =80 gf x d cm

As we know, the principle of moments states that

Anticlockwise moment = Clockwise moment.

40gf x40cm=80gf xd=d=40x4080=d=20cm40gfx40cm=80gfxd=d=8040x40=d=20cm
Therefore the bar will be in balanced position if weight of 80gf is placed at a point of 20cm to the
right of O.

11. Figure shows a uniform metre rule placed on a fulcrum at its mid-point O and having a weight
40gf at the 10 cm mark and aweight of 20 gf at the 90 cm mark.

(i) Isthe metre rule in equilibrium? If not, how will the rule turn?

(ii) How can the rule be brought in equilibrium by using an additional weight of 40gf?

40 gf 20 gf
[ 50 [
o I_I 0 I_l o
] l l ] l ] l l ] l l

0 10 20 30 4OA6O 70 80 90 100 cm

Answer

(i) We know that when anticlockwise moment is equal to clockwise moment then the rule will bein
equilibrium.

L et us check,

(a) Anticlockwise moment = Fr
40gfx(50—10)cm=40x40=1600gfcm40gf>(50—10)cm=40x40=1600gfcm
Clockwise moment = Fr
20gf%(90—-50)cm=20x40=800gfcm20gf*(90—50)cm=20x40=800gfcm

So, the meter rule will not be in equilibrium. 1t will turn in anticlockwise direction.
(i) To balance the rule in equilibrium 40gf should be kept on right side.

Let distance from middle=d cm

So clockwise moment becomes

800gfcm+(40gf xdcm)800gfcnt(40gfxdem)

Aswe know, the principle of moments states that
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Anticlockwise moment = Clockwise moment
1600gfcm=800gfcm+40gfxdecm1600gfcm=800gfcm+40gfxdem

Therefore,

d=80040=20cmd=40800=20cm

So, the additional weight should be placed at 70cm mark to bring the rule in equilibrium.

12. When a boy weighing 20 kgf sits at one end of a4m long see-saw, it gets depressed at its end.
How can it be brought to the horizontal position by a man weighing 40 kgf.

Answer

As we know, the principle of moments states that

Anticlockwise moment = Clockwise moment

20K gfx2m=40K gf xd=0d=20%240=d=1m20K gfx2m=40K gfxd=d=4020x2=d=1m

So it isproved that horizontal position can be achieved if a person sits at a distance of 1m from the
centre on the side opposite to the boy.

13. A physical balance hasits arms of length 60 cm and 40 cm. What weight kept on a pan of longer
armwill balance an object of weight 100 gf kept on other pan?

Answer

As we know, the principle of moments states that

Anticlockwise moment = Clockwise moment

100gf*x40cm=Wx60cm100gfx40cm=Wx60cm

Weight on the longer pan

W=(100x40)60W=66.67gf\W=60(100x40) W=66.67gf

So, aweight of 66.67gf kept on the pan of longer arm will balance the object of weight 100 gf kept on
the other pan.

14. The diagram shows a uniform meter rule weighing 100 gf, pivoted at its centre O. Two weights
150gf and 250gf hang from the point A and B respectively of the metre rule such that OA =40 cm
and OB =20 cm.

Calculate:

(i) the total anticlockwise moment about O,

(ii) the total clockwise moment about O,

(iii) the difference of anticlockwise and clockwise moment, and

(iv) the distance from O where a 100gf weight should be placed to balance the metre rule.

Answer

(i) Thetotal anticlockwise moment about the centre o
=150gf*40cm=6000gf cm=150gfx40cm=6000gfcm
The total clockwise moment about the centre o
=250gf%x20cm=5000gf cm=250gfx20cm=5000gfcm
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(iii) The difference of anticlockwise and clockwise moment
=6000—5000=1000gfcm=6000—5000=1000gfcm

(iv) Aswe know, the principle of moments states that

Anticlockwise moment = Clockwise moment
150gfx40cm=250gf x 20cm+100gf xd6000gf =5000gf +100gf xdd=1000100d=10cm150gfx40cm=250gf
x20cm+100gfxd6000gf=5000gf+100gfxdd=1001000d=10cm

Sod=10cmontheright sideof o

15. A uniform metre rule of weight 10 df is pivoted at its O mark.
(i) What moment of force depresses the rule?

(it) How can it be made horizontal by applying aleast force?
Answer

(i) Moment of force=Fr

Substituting the values of F and r we get,
10gfx50cm=500gfcm10gfx50cm=500gfcm

In order to make the rule horizontal by applying least force distance has to be max as moment of force
will remain same.

So,

F=500100=5gf F=100500=5gf

Therefore, aforce of 5 gf upwards at 100 cm can balance therule.

16. A uniform half metre rule can be balanced at the 29.0 cm mark when a mass 20g is hung from its
one end.

(a) Draw adiagram of the arrangement.

(b) Find the mass of the half metre rule.

(c) In which direction would the balancing point shift if 20g mass is shifted inside from its one end?
Answer

(a) Diagram of the arrangement is shown below:
o 25 29 50

A e

(b) Suppose, if the mass of the meter rule be M.

Given, uniform meter rule, so weight (Mg) will act at 25 cm.

Mg produces anticlockwise moment about point o.

Now, in order to balance the 20g weight istied at 50cm point and it acts in the clockwise direction.
Aswe know, the principle of moments states that

Anticlockwise moment = Clockwise moment
Mg(29-25)=0.02g(50—29)M=21x0.024=0.105kg=105gMg(29-25)=0.02g(50—29)M=421%0.02
=0.105kg=105g

The weight of half the meter ruleis 105 g.

(c) The balancing point will shift towards the 25 cm mark.

17. A uniform metre rule of mass 100 g is balanced on afulcrum at mark 40 cm by suspending an

unknown mass m at the mark 20 cm.
(i) Find the value of m.
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(if) To which side the rule will tilt if the mass m is moved to the mark 10 cm?

(iii) What is the resultant moment now?

(iv) How can it be balanced by another mass 50 g?

Answer

(i) Aswe know, the principle of moments states that

Anticlockwise moment = Clockwise moment
100gx%(50—40)cm=mx(40—20)cm=100%10=mx20=>m=50g100g*(50—40)cm=mx(40—20)cm=100x1
0=mx20=m=50g

(if) When the mass mis shifted to mark 10cm, it results in rule being shifted on the side of massmin
anticlockwise direction.

(iii) Anticlockwise moment is produced when a mass of m grams is moved towards the mark of 10cm.
100gf*(50—40)cm=1000gfcm100gfx(50—40)cm=1000gfcm

Therefore, the resultant moment will be
1500gfcm—1000gfcm=500gfcm(anticlockwise)1500gfcm—1000gfcm=500gfcm(anti clockwise)

(iv) Aswe know, the principle of moments states that

Anticlockwise moment = Clockwise moment

So,
100gfx(50—40)cm+50gfxd=50gfx(40—10)cm=>1000gfcm+50gf xd=1500gf cm=>50gfd=500gfcm=>d=1
0cm100gfx(50—40)cmt+50gfxd=50gfx(40—10)cm= 1000gfcm+50gfxd=1500gfcm=50gfd=500gfcm=d
=10cm

Hence, we can balance 50gm at 50cm

18. In figure below, a uniform bar of length | mis supported at its ends and loaded by aweight W kgf
at itsmiddle. In equilibrium, find the reactions R; and R at the ends.

Answer

As we know, the principle of moments states that
Anticlockwise moment = Clockwise moment
Ri+R, =W

Given, the systemisin equilibrium so
R1x12=R2x|2R1x2|=R2x2]

Since, R1=R,and 2R; =W

Therefore, R =W/2=R;

Multiple Choice Type

Question 1

With respect to centre of gravity, which of the following statements are correct?

a) The position of centre of gravity depends on its shape.

b) Itisnot necessary that the centre of gravity of a body should always be within the materia of the
body.

¢) A body of weight W can be considered as a point particle of weight W at its centre of gravity.

d) All of the above
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Answer
All of the above
Reason — With respect to centre of gravity :
e Theposition of centre of gravity depends on its shapei.e., on the distribution of mass.
e Itisnot necessary that the centre of gravity of abody should always be within the material of
the body.
o By the concept of centre of gravity, abody of weight W can be considered as a point particle
of weight W at its centre of gravity.
Question 2
The centre of gravity of abody is the point about which the algebraic sum of moments of weights of
all the particles constituting the body is:
a 1
by >1
¢ <1
d O
Answer
0
Reason — The centre of gravity of abody isthe point about which the algebraic sum of moments of
weights of all the particles constituting the body is zero. Thisis because the center of gravity is chosen
in such away that the torques (moments) due to the weight of the individual particles balance out,
resulting in anet torque of zero.
Question 3
The centre of gravity of auniform ball is
a) atitsgeometrica centre
b) atitsbottom
c) atitstopmost point
d) at any point on its surface
Answer
at its geometrical centre
Reason — For auniform ball (a sphere with uniform density), the center of gravity coincides with its
geometrical center. Thisis because the mass of the ball is evenly distributed throughout its volume,
leading to a symmetrical distribution of mass around its center. Thus, the center of gravity of a
uniform ball islocated at its geometrical center.
Question 4
The centre of gravity of ahollow cone of height his at distance x from its vertex where the value of x
is:
a) h33h
b) h44h
c) 2h332h
d) 3h443h
Answer
2h332h
Reason — The centre of gravity of ahollow coneisat a height h33h from the base.
Hence, from the vertex the height is:
h - h33h = 3h-h333h-h = 2h332h
Question 5
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Where should the centre of gravity of a body be located for stable equilibrium?

a) abovethe base

b) near the geometric centre

c) canbeanywhere

d) both (1) and (2)

Answer

both (1) and (2)

Reason — For stable equilibrium, the center of gravity of a body should be located above the base of
the body. Additionaly, it should be as close as possible to the geometric center.

Question 6

Two objects have the same mass but different shapes. Which object would have a higher centre of
gravity?

a) theonewithalarger base

b) the onewith asmaller base

¢) both would have the same centre of gravity

d) it depends on the material of the object.

Answer

the one with asmaller base

Reason — An object with alarger base of support will have alow centre of gravity because the
distribution of massis spread out over alarger area, which tendsto lower the center of gravity
whereas that with a smaller base will have a higher centre of gravity because the massis concentrated
over asmaller area.

Very Short Questions

Question 1

Can the centre of gravity of abody be situated outside its material of the body? Give an example.
Answer

Y es, the centre of gravity can be outside the material of the body.

In the case of auniform ring the centre of gravity isin the centre of the ring and that point is outside
the material of the ring.

Question 2

What isthe position of centre of gravity of a

(a) rectangular lamina

(b) cylinder?

Answer

Centre of gravity for the following figures are as follows:

(a) Rectangular lamina— at the point of intersection of the diagonals.
(b) Cylinder — at the mid point of the axis of cylinder.

Question 3

At which point is the centre of gravity situated in :

(a) A triangular lamina and

(b) A circular lamina?

Answer

The centre of gravity for the following figures are asfollows :

(a) A triangular lamina— at the point of intersection of the medians.
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(b) A circular lamina— at the centre of the circular lamina.

Question 4

Where isthe centre of gravity of a uniform ring situated?

Answer

The centre of gravity of auniformring is Situated at the centre of thering.

Question 5

State whether the following statements are true or false.

(i) "The position of centre of gravity of abody remains unchanged even when the body is deformed'.
(ii) "'The centre of gravity of afredy suspended body always lies vertically below the point of
suspension'.

Answer

(i) False

Reason — The position of the center of gravity of abody depends on its mass distribution. When a
body is deformed, its mass distribution can change, leading to a potential shift in the position of its
center of gravity.

(i) True

Short Questions

Question 1

Define the term 'centre of gravity of abody'.

Answer

The centre of gravity of abody is defined as the point about which the algebraic sum of moments of
weights of particles congtituting the body is zero and the entire weight of the body isto act at this
point.

Question 2

State a factor on which the position of centre of gravity of abody depend? Explain your answer with
an example.

Answer

The position of the centre of gravity of any body will depend on the type of shapeit hasi.e. (onthe
distribution of mass on the body) iniit. It changesif the shape of the body is deformed.

For example, the centre of gravity of awireisaits mid point. However, if the wire isturned in away
that it makes a circle then its centre of gravity will be at the centre of the circle.

Question 3

A sguare card board is suspended by passing a pin through a narrow hole at its one corner. Draw a
diagram to show itsrest position. In the diagram mark the point of suspension by the letter S and
centre of gravity by the letter G.

Answer

The diagram is shown below:

I

G

Question 4
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A uniformflat circular rim is balanced on a sharp vertical nail by supporting it a apoint A, as shown
in figure. Mark the position of centre of gravity of the rim in the diagram by the letter G.

The position of centre of gravity of therim is marked by the letter G in the below diagram:

A CLAMP
RIM

Question 5
Figure shows three pieces of card board of uniform thickness cut into three different shapes. On each
diagram draw two lines to indicate the position of centre of gravity G.

Answer
The position of centre of gravity G for the three pieces of card board are marked in the below
diagrams:

JAN
=

Long Questions
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Question 1

Explain how you will determine experimentally the position of centre of gravity for atriangular
lamina (or atriangular piece of card board).

Answer

To determine centre of gravity for atriangular lamina, make three fine holes a, b, ¢ near its edges.
After that, suspend it from hole aalong with a plumb line. Ensure that the laminais free freely
suspended. When it comes to rest, draw straight line ad along the plumb line. Repeat the experiment
by suspending the lamina through hole 'b' and then through hole 'c'. This gives ustwo straight lines,
be and cf respectively. The three lines ad, be and cf intersect each other at a common point G. This
common point G isthe position of the centre of gravity of triangular lamina.

Very Short Questions

Question 1

Isit possible to have an accel erated motion with a constant speed? Name such type of motion.
Answer

Y es, an accelerated motion with constant speed is possible. Uniform circular motion is such type of
motion.

Question 2

Give an example of mation in which speed remains uniform, but the velocity changes.

Answer

Motion of artificial satellite is one of the cases where speed is same however velocity changes.
Question 3

Name the force required for circular motion. State its direction.

Answer

Centripeta forceisrequired for circular motion. The direction of Centripetal forceis always directed
towards the centre of circle.

Question 4

Is centrifugal force areal force?

Answer

No the centrifugal forceisafictitiousforce.

Question 5

State whether the following statements are true or false by writing T/F against them.

(a) Earth moves around the Sun with a uniform vel ocity.

(b) The motion of Moon around Earth in acircular path is an accelerated motion.

(c) A uniform linear motion is unaccel erated, while a uniform circular motion is an accelerated
motion.

(d) Inauniform circular motion, the speed continuously changes because the direction of the motion
changes.

(e) A boy experiences a centrifugal force on his hand when he rotates a piece of stonetied at one end

of astring, holding the other end in the hand.
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Answer

(a) False

Reason — The Earth does not move around the Sun with uniform velocity. It follows an eliptical
orbit, which means its speed varies as it travels around the Sun.

(b) True

Reason — The motion of Moon around Earth in acircular path is an accelerated motion becausein a
circular motion, the direction of velocity is continuously changing, which in turn causes change in
acceleration.

(c) True

Reason — In uniform linear motion, an object moves in a straight line with a constant speed. Asthere
isno changein speed or direction, hence, there is no acceleration. On the other hand, in uniform
circular motion, an object movesin acircular path at a constant speed and the direction of the object's
velocity continuously changes as it moves around the circle. This change in direction resultsin
centripetal acceleration.

(d) False

Reason — In uniform circular motion, the speed of the object remains constant, but its vel ocity,
which includes both speed and direction, changes continuoudly.

(e) False

Reason — When the boy rotates the stone tied to a string and holds the other end in his hand, the
force experienced by his hand is centripetal, not centrifugal.

Centripeta forceisthe force directed toward the center of the circular path, required to keep an object
moving in acircular motion. Centrifugal force, on the other hand, is afictitious force that appears to
act outward from the center of rotation in arotating reference frame.

Exercise 1(C) — Short Questions

Question 1
Differentiate between uniform linear motion and a uniform circular motion.
Answer

Uniform Linear M otion Uniform Circular Motion

The body moves along a straight line The body moves along acircular path.

Speed and direction both are constant Speed is constant but direction changes continuously.

Not an accelerated motion An accelerated motion.

Question 2

What is a centripeta force

Answer

The force acting on abody moving in acircular path, in a direction towards the centre of circular path
iscalled Centripetal force.

Question 3
Explain the motion of aplanet around the Sun in an elliptical path.

Answer
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The motion of a planet around the Sun in an elliptical path is an example of uniform circular motion.
The gravitational force of attraction on the planet by the Sun provides the necessary centripetal force
for this uniform circular motion asit is always directed towards the centre of the Sun.

Question 4

(a) How does a centripetal force differ from a centrifugal force with reference to the directionin
which they act?

(b) Is centrifugal force the force of reaction of the centripetal force?

(c) Compare the magnitudes of centripetal and centrifugal force.

Answer

(a) Both the forces act in opposite direction with reference to the direction.

(b) No, centrifugal force is not the force of reaction of the centripetal force.

(c) The magnitude of centripetal and centrifugal forceis 1:1

Question 5

State two differences between the centripetal and centrifugal force.

Answer
Centripetal Force Centrifugal Force
A real force. An assumed force.

Acts away from centre of the

Acts towards the centre of the circle. )
circle.

Long Questions

Question 1

Explain the meaning of uniform circular motion. Why is such motion said to be accelerated?
Answer

When a body moves with a constant speed in acircular path, its motion is said to be in uniform
circular motion.

Uniform circular motion is said to be accel erated as the velocity changes with continuous changein
direction of motion.

Question 2

Draw a neat |abelled diagram for a particle moving in acircular path with a constant speed. In your
diagram show the direction of velocity at any instant.

Answer

The below diagram shows a particle moving in acircular path with a constant speed and its direction
of velocity:

B \Y
\"
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Question 3

A uniform circular motion is an accelerated motion. Explain it. State whether the acceleration is
uniform or variable? Name the force responsible to cause this acceleration. What is the direction of
force at any instant? Draw diagram in support of your answer.

Answer

A uniform circular motion is accelerated as the speed is same however the direction changes
continuously. So, it is said to be a uniform accel erated motion.

Centripeta forceisrequired for this acceleration and its direction is towards the centre of the circular
path.

Question 4

A small pebbletied at one end of astring is placed near the periphery of acircular disc, at the center
of which the other end of the string istied to apeg. The disc is rotating about an axis passing through
its centre.

(a) What will be your observation when you are standing outside the disc? Explain.

(b) What will be your observation when you are standing at the centre of the disc. Explain.

Answer

(a) The pebble seemsto move in acircular path when we are sitting outside the circular disc.

(b) The pebble seems to be stationary in front of us when we are standing at the centre of the disc.

Question 5

A piece of stonetied at the end of athread iswhirled in a horizontal circle with uniform speed with
the help of hand.

Answer the following questions:

(a) Isthe velocity of stone uniform or variable?

(b) Isthe acceleration of stone uniform or variable?

(c) What isthe direction of acceleration of stone at any instant?

(d) Which force provides the centripetal force required for circular motion?

(e) Name the force and its direction which acts on the hand.

Answer

(a) Velocity of stoneisvariable.

(b) Acceleration of stoneisvariable.

(c) Thedirection of acceleration of stone at any instance is to the centre of circular path.
(d) Thefrictional force provides the centripetal force.

(e) Centrifugal force acts on the hand and its direction is away from the centre.
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(& A ball ishanging by athread from the ceiling of the roof. Draw a neat labelled diagram

showing the forces acting on the ball and the string.

(b) A spring is compressed againgt arigid wall. Draw a neat and labelled diagram showing the

forces acting on the spring.
Solution 5:

Tension T in
the string
acting
upwards

Vieight W of
the ball acting
downwards

Equilibrium

=

Compressed

m

]

— X

<]

k]
A_—
=

>

=]
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Question 7:

State the relationship between force, mass and accel eration. Draw graphs showing the
relationship between:

(a) Acceleration and force for a constant mass.

(b) Acceleration and mass for a constant force.

Solution 7:

Force, F = mass (m) x Acceleration (a)

Question 8:

A rocket ismoving at a constant speed in space by burning its fuel and gecting out the burnt gases
through a nozzle. Answer the following:

(a) Isthere any change in the momentum of the rocket? If yes, what causes the change in momentum?
(b) Isthere any force acting on the rocket? If yes, how much?

Solution 8:

(a) Yes, there is a change in momentum of the rocket. Decrease in mass of the rocket causes the
change in momentum.

(b) Yes, thereisforce acting on the rocket which is equal to the rate of change in momentum

Question 9:

Name and define the S.I. and C.G.S. unit of force. How are they related?
Solution 9:

S.I. unit of force is Newton (N).

- Page]1/30



SENJEE (Skylimit Education for NEET & JEE)
Madhyamgram, Kolkata-700132

One Newton is that force which when acting on a body of mass 1kg, produces an acceleration of 1 m
s2init.

C.G.S. unit of forceisdyne.

One dyneisthat force which when acting on a body of mass 1 gram, produces an acceleration of 1 cm
s2init.

1 Newton = 105 dyne

Question 10:

A body of mass 1 kg isthrown vertically up with aninitial speed of 5 m s-1. What is the magnitude
and direction of force due to gravity acting on the body when it is at its highest point? Take G = 9.8 n
kg-1

Solution 10:

Mass of body= 1 kg Initial speed =5 m/s

Acceleration due to gravity = 9.8 N/kg (vertically downwards) Force= mass X acceleration
=1x9.8=9.8N =1 kgf

9.8 N or 1 kgf force acts vertically downwards.

Question 11:

A body of mass 1.5 kg is dropped from a height of 12m. What isthe force acting on it during its fall?
(g=9.8ms-2)

Solution 11:

Mass of body = 1.5 kg

Acceleration due to gravity = 9.8 ms-2

Force = mass (m) x acceleration due to gravity

(@=mg

F=150%x98=147N

Question 12:

Two forces each of magnitude 10 N act vertically upwards and downwards respectively at the two
ends of auniform road of length 4 mwhich is pivoted at its mid point as shown in fig

1.34. Determine the magnitude of resultant moment of forces about the pivot O.

Solution 12:

Given, AB =4 m hence, OA = 2m and OB = 2m Moment of force F (=10N) at A about the point O =
F x OA =10 x 2 =20 Nm (clockwise)

Moment of force F (=10N) at point B about the point O = F x OB= 10 x 2 = 20 Nm (clockwise)
Total moment of forces about the mid-point O= = 20 + 20 = 40 Nm (clockwise)
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