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Exercise MCQs

1. Two equal but unlike parallel forces having different lines of action produce:

® atorque a couple © equilibrium ® neutral equilibrium
2. The number of forces that can be added by head to tail:
® 2 3 © 4 © any number

3. The Number of perpendicular components of a forc

® 1 ® 2 @3@€§ ©® 4

4. A force of 10N is making an angle of 300 @@}he horizontal. It's horizontal the
component will be: A Jg@

(® 4N 5N 4 ©® 8.7N
@@

5. A couple is formed by:
(® two forces perpend1c1<l

two like parallel force
(© two equal and opposite forces in the same line
@® two equal and opposite forces not in the same line

0 each other

6. A body is in equilibrium when its:

(® acceleration is uniform speed is uniform

(© speed and acceleration are uniform (®) acceleration is zero
7. Abody is a neutral equilibrium when its centre of gravity:

® s at its highest position is at the lowest position

(©  keeps its height if displaced © is situated at its bottom

8. Racing cars are made stable by:

®
©

increasing their speed decreasing their mass

lowering their centre of gravity © decreasing their width
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Short Questions
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1. Define the following. i
(a) Resultant vector (b) Torque I

(c) Centre of mass (d) Centre of gravity E

Ans: Q@ |
(a) Resultant vector: ¢ o@ | :
A resultant vector is a single vector that lt%@)} same effect as the combined effect |

of all the vectors to be added. Q 5@ i

(b) Toraue (T): o> :
The tuning effect of a force is {%; torque or moment of the force. !
Formula: E

T=r1 ;

Unit: |
Newton metre ( Nm ) :

(c) Centre of mass: i

I

[

Centre of mass of a system is such a point where an applied force causes the
system to move without rotation.

(d) Centre of gravity:
The centre of gravity of a body is defined as the point where the whole weight of
the body appears to act vertically downward.

1

]

[T [ S [ )

]

Ly

How head to head-to-tail rule help to find the resultant forces?
Ans: Head-to-tail rule:

[T T 7

1T 7

The vectors are added graphically such that the tail of the 27 vector coincides with
the head of the 1st vector and so on. The resultant of all vectors is obtained by
coinciding the tail of 1st vector to the head of the last vector.

The resultant of two forces can be found by using the method for adding vectors

= 4
A m " &
() Y ) S S Y S A I ()
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when the vectors are geometric representations.

3. When a body is said to be in equilibrium?
Ans: A body is said to be in equilibrium if it satisfies both conditions of equilibrium.

T T T 1T 1T 7

I

»  Abodyisin equilibrium if the net force acting on it is zero.
XF =0, or XFy=0, XFx=0
» Abody is said to be in equilibrium if the resultant torque acting on it is zero. |
27=0
4. How can a force be resolved into its rectangular components?
Ans: The decomposition or division of a vector into its components is called the

S [ S Y [ ) S [ — |

l

[

resolution of a vector.
OR
The splitting of a single vector into two mutually perpendicular components is

S [ ) (|

[

called the resolution of that force.

[T ]

I

The process of splitting up vectors (forces) into thg{;\component forces is called
resolution of force. If a force is formed from two mutually perpendicular
components then such components are caollte\ygkﬁéi‘pendicular components.

Determination of Rectangular comg%@ts of a vector:
Suppose a vector F acts on a bod ’ \“’)aking an
angle 0 with the x-axis whichgf resented by
the vector OA as showniin-the figure. Draw
perpendicular BA fren

D [ (S ) S [ ) ) [ [—) [—

I

he A on x-axis as AB.

/

According to head to tail rule, OA is the
resultant vector of OB and BA.

So,

N N B I

I

CA = OB+BA -i==¥h == (1)

Since the angle between BA and OB is 90°,
hence these are called the perpendicular
components of the vector OA representing F.

[ [ ) [ ) S Y [ N [

]

Horizontal or x-component

[T 7

The component OB along x-axis is represented by Fx, and is called the X-
component or horizontal component of the vector F.

I

1T 7

Vertical or v-component:

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

e e e e e e (e e e e e e e e e e e e e e e e e e e e et e e e [ e e 1 e e e e e e e e e e e e e e e e e 1 e ) el e e e M ey i [ ) ) () e el S i

component of the vector F.
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So equation (1) can be represented by,

F - Fx + Fy
Magnitude of Rectangular components:

B Sk
ull
T T T 1T 1T 7

I

The magnitude of the perpendicular components Fy, and Fy of forces Fx, and Fy can

I

be found by using the trigonometric ratios. In right angled triangle OAB,
OB

[T ]

cosO = — OR OB = 0A cos 6 I

OA I

But OB = Fx OR OA=F i
Hence, Fx = Fcos© -
Similarly, |
Sin@ = -2 OR BA = 0A sin 0 :

~ 0A - I

But BA = Fy OR OA=F i
Hence, F, = Fsin® Qé\ -

These two components are the two sides of 1@@ right-angled triangle whereas
hypotenuse represents the magnitude of @ ual vector.

Y

oL

Differentiate the following. 5
(a) Like and unlike parallel g@s.

(b) Torque and couple. Q¢
(c) Stable and neut{@lN juilibrium.

Ans: Difference between LikéParallel Forces and Unlike Parallel Forces is:

D [ (S ) S [ ) ) [ [—) [—

I

N N B I

Like Parallel Forces Unlike Parallel Forces

I

[f two parallel forces act in the same | If two parallel forces act in opposite
direction then they are called like | direction they are called unlike parallel
parallel forces. forces.

Difference Torque and couple is:

[ [ ) [ ) S Y [ N [

Torque c@ pakcjty.org %D Couple
» The turning effect of a force is >Tc0uple is formed by two unlike
called torque. parallel forces of the same|]|;
» Torque is produced under the magnitude but not along the same | |
action of only one force. line. i
» A couple is produced under the||;
action of two unlike parallel forces. ||
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Difference Stable and neutral equilibrium:

Stable Equilibrium Neutral Equilibrium

In stable equilibrium centre of mass | In neutral equilibrium, the centre of

of a body lies at the lowest position. | gravity lies at the same height.

6. Explain the first condition for equilibrium.
Ans: First condition for equilibrium:
“A body is said to satisfy the first condition for equilibrium if the resultant of all the
forces acting on it is zero”.
XF =0
l.e. 2Fx=0
LFy =0
7.  Whatis the second condition for equilibrium?
Ans: Second condition for equilibrium: »\O/‘&,
“A body satisfies the second condition for @&g\iljgrium when the resultant torque
acting on it is zero”. é@;)&
Mathematically: /\J/éj
_ . %
¥7 = 0. @@
8. Why there is a need e second condition for equilibrium if a body
satisfies the first cor@ﬁgi\())n for equilibrium?

Ans: Reason: Two equal and opposite forces having different lines of action form a
couple, which produces angular acceleration. Although, the first condition for
equilibrium is satisfied but still in this case, the object needs to satisfy the second
condition to ensure an equilibrium state.

9. Give an example of a moving body which is in equilibrium.

Ans: A paratrooper coming down with terminal velocity (constant velocity) is in
equilibrium as all the forces acting on it is equal to zero, which satisfies the first
condition for equilibrium.

10. Why a body cannot be in equilibrium due to single force acting on it?

Ans: Single force acting on a body is not balanced and produces acceleration. Therefore

under the influence of a single force, a body cannot be in equilibrium.
11. Think of a body which is at rest but not in equilibrium.
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Ans: A body thrown upward is at rest just for a while at the highest point. But the force

of gravity still acts on it to produce acceleration. Thus, the body is at rest but not in

T T T 1T 1T 7

equilibrium.

I

12. Why the height of vehicles is kept as low as possible? i

Ans: Vehicles are made heavy at the bottom and their height is kept to be minimum. This

lowers their centre of gravity and helps to increase their stability. As to make them
stable, their centre of mass must be kept as low as possible.

T 1T T

I

-
w

Y N .

Explain what is meant by stable, unstable, and neutral equilibrium. Give one
example in each case.
Ans: Stable equilibrium:

[T

[

S [ ) (|

Equilibrium is considered stable if, after a slight tilt, it returns to its previous
positions.
Example:
A book lying on a table Qﬁé\
Unstable equilibrium:

5O,
[f a body does not return to its prev1ousq§qg§\on when set free after a slight tilt,
then the equilibrium is unstable. o J/éj

Example:

| P
A pencil standing o/g 1@%301nt
Neutral equilibrium:

I I

I

D [ (S ) S [ ) ) [ [—) [—

I

[f a body remains in k, ew position when disturbed from its previous position, it
is said to be in neutral equilibrium.
Example:

Rolling Ball

N N B I

I

Important Formulas v@pakcity-org%

F cos O
F sin O

\ %4
-
w3

1

. [ )

» Magnitude =F . Fx + Fy =
. . F

» Direction=0 =tan™? (F_Y)

X

<
[l

[ [ ) [ ) S Y [ N [

]

[T 7

Torque = T = r XF

I

Y V

Conditions of equilibrium

1T 7

1. XF = O l.e. ZFX — 0; ZFy - 0

il 2T =0 1le. T1=T7y
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1.  Find the resultant of the following forces:

) N Y [N N N

I

(a) 10N along x-axis (b) 6N along y-axis (c) 4N along the negative x-axis

| [

Ans: Given data:
F1 = 10N along x-axis

I I

|

F2 = 6N along y-axis
F3 = 4N along x-axis

)N [ S | [

Solution:

Scale 2N = 1cm
10N = 5cm E
6N = 3cm I

T 1

]

4N = 2cm Q@

2.  Find the rectangular components of a for eoq 50N making an angle of 30°
with the x-axis. é\
Ans: Given data: %g@
Force = F = 50N @
Angle =0 = 30° <>

[ (S [ [ ) [ ) —

[

[

e e e e e e (e e e e e e e e e e e e e e e e e e e e et e e e [ e e 1 e e e e e e e e e e e e e e e e e 1 e ) el e e e M ey i [ ) ) () e el S i

Required: E
Horizont mponent of force = Fx = ? |

Vertical component of force = Fy = ? E

Solution: 1
As we know that, E
Fx = Fcos 0O I

By putting the values, we have E

Fx = 50 X cos 30° I

Fx = 50 X 0.866 i

Fx = 43.3 N E

As we know that, I
F, = Fsin©

F, = 50 X S1n 30° I

F, = 50 x0.5 i

F, = 25N f

Result: i
O 8 e e e e e e e e e e e e Sy
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Horizontal component of force = Fx = 43.3 N

Vertical component of force = Fy, = 25N

T T T 1T 1T 7

3. Find the magnitude and direction of a force if its x-component is 12N and v- |’
component is 5N? |
Ans: Given data:

I

[T ]

Fx =12 N ]

F, = 5N ]

To Find: ]
F =7 1

0 =7

Solution: E
We know that, i
F = \/FZ + F2 :

F= 022+ 57 ©OF :

_ RN i
F—\/144+258% 2 :

Now, E

I

N N B I

I

‘ 0 = tan"'(0.41)
%PHKCWOFQ% 0 = 22.6° with x-axis

-

A force of 100N is applied perpendicularly on a spanner at a distance of
10cm from a nut. Find the torque produced by the force.
Ans: Given data:

F =100N

[ [ ) [ ) S Y [ N [

]

r =10cm = —m = 0.1m
100

[T 7

I

To Find:

1T 7

I

Solution:

l|IiIIlI[I]IlIiII|II||II||I||JI[||II|II||]I|I|I|JI[|IIII1I|III||]I||II|II[||I||]IIII|||!O_;:

T=r X F

I

l
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= 0.1 X100
T= 10Nm

T T T 1T 1T 7

I

1

A force is acting on a body making an angle of 30° with the horizontal. The
horizontal component of the force is 20N. Find the force.
Ans: Given data:

[T ]

I

[T ]

9 — 300 :

Fx=20N I

To Find: I
F=7? -

Solution: [
As we know that, |
Fx = Fcos 0O i

20 = F cos 30°

o 20 Q@\ -

~ cos 300 ) o™ I

20 '\,{\Q & I

F = @ :

0.866 |

F = 23.09N @%Q :

2

The steering of a car
couple of 50N. Q)
Ans: Given data:

a radius 16cm. Find the torque produced by a

T T T T 17

I

F = 50N

16
r = 16cm = —m = (0.16m
100

Perpendicular distance between forces=r = 0.16 + 0.16

[ [ ) [ ) S Y [ N [

r = 0.32m

To Find:
T="7

Solution: I
T = Force X Perpendicular distance between forces i
T=50 x0.32 :
T =16Nm I

7. A picture frame is hanging by two vertical strings. The tensions in the

springs are 3.8N and 4.4N. Find the weight of the picture frame.
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Ans: Given data:

T1 = 3.8N
T2 = 4.4N
To Find:
Weight = W =?
Solution:
As picture frame is in equilibrium
XFx = 0, YFy = 0
Therefore
T-W=20
(T1+T2)- W=0
Ti+ T =W
38 +44 =W
82N=W
Or W = 8.2N @

=

~\ O .
Two blocks of masses 5kg and 3kg are \usnended by the two strings as
shown in the figure. Find the tensmngi ach string.

Ans: Given data:
Mass of up é@l\ock 5kg
Mass O;Jgﬁ lock = 3kg
Mgﬁ) pper block=w; =mig=5 X 10 =50N
Mass of below block =w; =mzg =3 X 10 = 30N

Required:
Tension in upper string = T1 =7
Tension in lower string = Tz =7
Solution:
From second condition of equilibrium, we have
XFy, =0
OR Tension in the lower string = weight of the lower block
T2=w>

Tension in the upper string = weight of lower block + weight of the lower block

m

11= W1 T™ W2
T1 =504+ 30

l|IiIIlI[I]IlIiII|II||II||I||JI[||II|II||]I|I|I|JI[|IIII1I|III||]I||II|II[||I||]IIII|||!O_;:
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T1 = 80N

Result:

T T T 1T 1T 7

Tension in upper string = T1 =80 N

I

Tension in lower string = T2 =30N -

I

e

A nut has been tightened by a force of 200N using 10cm long spanner. What
length of a spanner is required to loosen the same nut with 150N force?
Ans: Given data:

S —

I

Y N .

F1 = 200N
F, =150N i
L1 = 10cm =0.1m i
To Find: E
Lo =7 I
Solution: :
T =T @) ’
Fi1 X Li=F2 X L2 /O@
)
F; x L, RS
L=

D [ (S ) S [ ) ) [ [—) [—

5
P! I
S)
w2
U‘b

\
L}”: 0.133 X 100cm

L= 13.3cm

N N B I

I

et
—

A block of mass 10kg is suspended at a distance of 20cm from the centre of a
uniform bar 1m long. What force is required to balance it at its centre of
gravity by applving the force at the other end of the bar?

Ans: Given data:

[ [ ) [ ) S Y [ N [

Mass of block = m = 10kg

Weight of block = w = mg

Weight of block = w = 10 X 10 E
Weight of block = w = 100N i
Weight of block = L = 1m E

I

Distance of block from center of nod = 20cm

20
Distance of block from center of nod = ™ m = (0.20m

l|IiIIlI[I]IlIiII|II||II||I||JI[||II|II||]I|I|I|JI[|IIII1I|III||]I||II|II[||I||]III1|||!O_;:
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Distance of force from center = 50cm

| 50
Distance of force from center = 700 m = 0.50m

To Find: [

T T T T 1T 71T 7

I

Solution:

Now using condition of equilibrium,
F x L2 =w x L1
F X L2 = w x L1

F x0.5 =100x 0.2
100 X 0.2

0.5
F = 40N

Y S ) [ (S —
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