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.‘ | What is a resultant forces? Describe the
heac (o tail mie fﬁr the aﬂdltmn of

ams B Eﬁarces._-ﬁ -|; W 4,

* Ané. B Resultant furce E |
A resultant force is a smgle force that has the

~ same effect as the combmed erfe:ct of all the forces to

- be added.

. Add!tlml af Forces

"One of the thhUdS for the additlon Df forces'

18 ﬁ graphlcal method: In this method. forces can be
added by head to tall flﬂﬁ of vector adaitmn )

Head i ,1&11 Rule

mvalved

(@) First select a suitable scaie Then: draw the:
“vectors of - all .the ‘forces - acwrding [0 the" |

Scale such as vectors A dﬂd B

W

s F."Adu'ing vectors by ke&d
TaLLd 0 fotail ru!e

(1) - Take any one of the vectors as first vector
| e.g.,-vector A, then draw next vector B such

that its tail coincides with the head of the first
vector A. similarly draw the next vector for

the third force (if any) with its tail coinciding

‘with the head of the previous vector dnd SO
on.

(iii) = Now draw a vector R such that 1t5 t‘dﬂ is at the
tail of vector A, while its head is at the head

of vector B, the last vector R represents the

Ams.

B}f usmﬂ* th1s rule followmg steps are'

resultant force completely in magnitude and
direction.

'What is meant by resolution of a vector?
If a force ‘F’ makes an angie ‘Q" with x-
axis, then find the value of its
rectangular components. |

Resalutlon of a Vector |

Splitting up of a force mte fwo mutually
perpendicular components is called the resa}lutaon of
that force. | |

Exp!anatmn

Consider a f{)rce F representad by line OA

making an angle 6 with x-axis. Braw a perpendicular
- AB on x-axis from A. According to head to tail rule,

OA is the resultant. of vectors represented by OB'

__ and AB.
. A
E,
plom X
Thus OA=OB+BA ... (i)
- The components OB and BA = are

perpendicular to each other. They are called the
perpendicular components of OA representing force
F. Hence OB represents its x-component F, and BA

represents its y-component F,. Therefore, equation (1)

can be expressed as
FaFHE, & e (11)

Thc magmtudes Fx and Fy of forces F, and F,
can be found using the trigonometric rations. In right

angled triangle OBA

F =

Smce = OA cos 6



F. = Fcos 9 ceenne {111)
‘ F BA
Similar] —am =—r = BND
Y F, ~ OA
Ko # Fem@ e (1v)

How can you determine the resultant
force if rectangular components are
given? o
Ans. Determination of a Force {from its

Perpendicular Components: '

If rectangular components are given then the

resultant force can be determined as. Consider Fy and
F, are the perpendicular components Fy and F, are
represented by line OP and PR respectively as shown
in figure. |

Y
ot

O F P

Ac;:ording to head to tai! rule
- OR = OP + PR

‘Thus OP will completely represent the force
F whose x and y-components are F, and F,
respectively. That is

F=F +F,

The magnmitude of the force F can be
determined using the right angled triangle OPR

as (OR)? = (OP)* + (PR’

F
Yy
tanQ—Fx |

F'=F +F
= Y

| g 2
Hence F = F +F
X -y

What is meant by torque? Write down its
SI unit. Describe the factors on which
torque depends.

~direction due to 1its

Ans. Torque |

The turning effect of a force is called torque
or moment of the force. Thus the moment of the force

or torque T is determined by the product, of force F
and its moment arm L. Mathematically.

Torquet = F X L
SiUnit
ST unit of torque 1s N.m.

| Facmrs

The torque or moment of a force depends
upon.

(1) Force (F) |

(ii) Moment arm (L) of the force

Greater the force greater wiil be the torgue.
Similarly longer is the moment arm greater is the
torque. 2 |
®E Describe the method to find the centre of

gravity of am irregular shaped this

Lamina.

Ans. Centre of Gravity

A point where the whole weight of the body
appears to act vertically downward is called centre of

gravity.

Method to find the Centre of Gravity

A simple method to find the centre of gravity
of a body is by the use of a plumbline. A plumbline
consists of a small metal bob (lead or brass)
supported by a string. When the bob is suspended
freely by the string, it rests along the vertical
weight acting vertically
downward. In this state, centre of gravity of the bob
1s exactly below its point of suspension.

Ixperiment

Take and irregular piece of cardboard. Make

holes A, B and C as shown in figure near its edge.

Fix a nail ona wall. Support the cardboard on the nail
through one of the holes (let it be A), so that the

cardboard can swing freely about A. The cardboard

will come to rest with its centre of gravity just
vertically below the nail. Vertical line from A can be
located using a plumbline hung from the nail. Mark

the line of the cardboard behind the plumbline.

Repeat it by supporting the cardboard from hole B.

the line from B will intersect at a point G. Similariy,

draw another line from the hole C. Negie that this lins
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aiso passes through G. It will be fﬂund‘ that all the
vertical line from holes A, B and C have a common

soint G. This common point G is the centre of gravity -

of the cardboard.

ﬁ Prove that the torque produced in a body
due to a couple is equal to the product of
one of the forces of the couple and the
coupie arm.

Ans. Consider two forces F1 and F2 are actingon a
rigid body. The perpendicular distance of
these forces from the axis ‘O’ is OA and OB
respectively and the perpendicular distance
between these forces is r. the forces of the
couple produce torque in the same direction
about axis ‘G’ which produces rotational
motion in the body. The total torque at the
point ‘O’ can be found as follows:

1 = F,x0A+F x0B
since I = E1 =F,

1= FXOA+FxOB

1 = F(OA + OB)

it = b

where 1 is the perpendicular distance between
the two forces of the couple. It is called the couple
arm. Hence the torque produced in a body due to a
couple is equal to the product of one of the forces of
the couple and the couple arm.

& What is meant by equilibrium? Describe
the conditions for a body fto be In
equilibrium.

- i o

Ans. Equilibrium:

A body is said to be in equilibrium if no net
force acts on it. If a body is at rest or moving with
uniform velocity is said to be in equilibrium because
the net force in such cases 18 zero.

Conditicns for Equilibrium

There are two conditions for a body to be 1n
equilibrium.
First Condition for Equilibrium

A body is said to satisfy first condition for
equilibrium if the resultant of all the forces: acting on
it is zero. Let n number of forces F;, F,, Fs, ... | are
acting on a body such that

Fi + P + F3 +....+ F, =0

or >F =0

The symbol ¥ is a Greek letter called sigma
used for summation. Equation (i) is called the first
condition for equilibrium. The first condition for
equilibrium can also be stated 1n terms of x and y-
components of the force acting on the body as:

Fi, +Foy+Fay+ o #+ By =0
and F1Y+FEY+F33,+..“.+FHY - =0
or - " Y =0

2ry =0

A book lying on a table or a picture hanging
on a wall. are at rest and thus satisfy first condition
for equilibrium. A paratroope coming down with
terminal velocity (constant velocity) also satisfies

" first condition for equilibrium and 18 thus 1n

equilibrizm.
Second Condition for Equilibrium

First condition for equilibrium does not
ensure that a body is in equilibrium. This is clear
from the foliowing example. Consider a body puiling
by the forces F; and F,. The two forces are equal but
opposite to each other. Both are acting along the
same line, hence their resultant will be zero.
According to the first condition, the body will be in
equilibrium. Now shift the location of the forces as

‘shown in figure (b). In this situation, the body 1s not

is equilibrium although the first condition for
equilibrium is still satisfied. It is because the body
has the tendency to rotate. This situation demands
another condition for equilibrium in addition to the
first condition for equilibrium. This is called second
condition for equilibrium. According to this, a body
satisfies second condition for equilibrium when the

~ resultant torque acting on it 1s Zero. Mathematically,

=40 ,

B.l Describe different states of equilibrium.
Ans. States of Equilibrium:

There are three states of equilibrium.

(i)  Stable equilibrium |

(11) Unstable equilibrium
| (i11)  Neutral equilibrium
(1) Stable Equilibrium

A _body is said to be in stable equilibrium if

after a slight tilt it returns to its previous position.
When a body is in stable equilibrium, its centre of
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gravity is at the lowest position. When-it is tilted, its
centre of gravity rises. It returns to its stable state by
lowering its centre of gravity. A body remains in
stable equilibrium as long as the centre of gravity acts
through the base of the body. E.g. A book lying on a
table 1s in a state of stable equilibrium. |

(i) Unstable Equilibrium

If a body does not return to its previous
position when sets free after a slightest tilt is said to
be in unstable equilibrium. The centre of gravity of
the body is at its highest position in the state of
unstable equilibrium. As the body topples over about
its base (tip), its centre of gravity moves towards its
lower position and does not return to its previous
position. E.g., A pencil in a vertical position is in a
state of unstable equilibrium. a
(ifi)  Neutral Equilibrium

If a body remains in its new position when
disturbed from its previous position. It is said to be in
a state of neutral equilibrium. In neutral equilibrium,
all the new states in which a body is moved, are the
stable states and the body, remains in its new state. In
neutral equilibrium the centre of gravity of the body
remains at the same height, irrespective to its new
position. There are various objects which have
neutral equilibrium such as a ball, a sphere, a rolier, a
pencil lying horizontally, an egg lying horizontally’
on a flat surface etc.
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(il) ' The number of forces that can be added by
head to tail rule are:

(ay 2 b 3
(c) 4 (d) - any number

(iiiy  The number of perpendicular components
of a force are:
@ 1 - . (b) 2

@ 3 d 4 a

iv): A force of 10N is making an angle of 39°
with the horizontal. Its horizontal
component will be: |
(a) 4N (b) SN
(c) 7N (d 87N

: (v)  Acouple is formed by

(a) two force perpendicular to each other

(b) two like parallel forces
(c) two equal and opposite forces mn the

same line |
(d) two equal and opposite forces not in the
same line |
(vi) A bodyisin equilibrinm when 1its:
(a) acceleration is uniform
(b) speed is uniform
(c) speedand acceleration are uniform
(d) acceleration 18 Zero
(vil) A body is in neutral equilibrium when its

centre of gravity:

(a) isatitshi ghest position

(b) is at the lowers position

(c) keeps its height if displaced
(d) is situated atits bottom

(viii) Racing cars are made stable by:

| EXERCISE

e

(a) increasing their speed

(b) decreasing their mass

4.1

[0

Fncircie the correct apswers from the

oiven choices: (c) lowering their centre of gravity

Two equal but unlike. parallel forces (d)  decreasing their width

having different line of action produce. AnSwers | .

() atorque  (b) acouple O | @ |G| @ |G| o | ]| ®
(c) equilibrium  (d) neutral equilibrium ) | @ | i) | @ | (viD) () | (viii) | (c)
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4.2. Define the following:
(i) resultant vector
(if) torque
(iii)  centre of mass |
(iv)  centre of gravity

(1) Resultant Vector:
A single vector that has the same effect as the

combine. effect of all the vectors is called resultant:

vector.
(i) Torque
The turning effect of a force is called torque.
T=FxL |
{iii) Centre of Mass

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

(iv)  Centre of Grai*ity:

- A point where the whole weight of the body |

- appears to act vertically downwards is called centre
of gravity of a body. '

4.3.  Differentiate the following:

(i) like and unlike forces

(i) torque and couple

(iii)  stable and neutra] equilibrium
Answer |
(i) Like Forces

Like parallel forces are the forces that are
parallel to each other and have the same direction.

Unlike Force |
Those forces that are parailel but have

directions opposite to each other are called un-like
forces. | |

(i)  Torque
~ The turning effect of a force is called torque.

Couple | |

A couple is formed by two unlike paralle]
force of the same magnitude but not along the same
line |
(i) Stable Equilibrium

A body is said to be in stable equilibrium if
after a slight tilt it returns to its previous position.

Unstable Equilibrium

If a body does- not return to its previous
position when sets free after g slightest tilt is said to
be in unstable equilibrium. |

44. How head to tail rule helps to find the
| resultant of forces? - |

Ans. In head to tail rule the representative lines of
- all the forces are drawn according to a
suitable scale in such a way the head of the
~ Tirst join the tail of the next and soon. The
resultant force is obtained by joining the head

of the last and the tail of the first foree.

4.5. How can a force be. reselved into its
rectangular components? |

Ans. A force is resolved INto its rectangular
| component by drawing its two mutually
perpendicular components. Consider a force

'F’ is making an angle ‘0’ with x-axis. This

force can be resolved into two its rectangular
components by drawing its two mutually

components. The magnitudes of these
rectangular components can be calculated as
F,=F. cos§
Fy,=F. sin 6

4.6.  When a body is said to be in equilibrigm?

~Ans. A body is said to be in equilibrium if no net

force acts on it.
4.7.  Explain the first condition for equilibrium.
Ans. First Condition of Equilibrium

According to first condition of equtlibrium: A
body is said to be in equilibrium if the resultant of all
the forces acting on it is zero.
Matkematical{}r‘

| Fil+FB+F 4+ ... F,=0
2F=0

In terms of X’ and y-component of the force

- acting on the body

Fix + Foy + Fs, + wvve Py it ()
and . F;},+F2}, +F33,+ oy By 2=

2F =0

2F,=0

4.8.  Why there is a need of second condition for
equilibrium if g body satisfies first
condition for equilibrium?
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4.10.

Ans,

- 411,

 Ans.

4.12.

Ans.
4.13,
Aﬂs;

4.14.

Ans.

velocity

When iwo equal but opposite forces act on a
body along dit fferent lines then they satisfy
the first condition but the body is not in
equilibitum because the body has the
tendency to rotate. This situation demands the

another condition for equilibrium.

What is second condition for equilibrium?

condition  of
said to be in

According to  second
equilibrium; a body is

“equilibrium if the resultant tarque acting on it
1is zero.

© ¥t =0

(zive an exampie of a mavmg body whjch is
in equilibrium, -

A paratrooper coming down with constant
satisfies first condition for
equilibrium so it in equilibrium.

Think of a body whmh is at rest but not in

. eqmimi‘mm

A pers_cm sitting in a bus is at rest with respect

to its other passengers but he is not in

equilibrium.

Why a body cannet be in equilibrium due
to single force acting on it?

According to second condition of equilibrium
a body is in equilibrium if sum of torque
acting on it is zero. The torque of a single
force can never be zero. There fore a body
cannot be in equilibrium under the action of
singie force.

Wiy the height of vehicles is kept as low as
possible?

The height of vehicles is kept as low as

possible so that their centre of mass must be

kept as low as possible. Th1s increases their
stability.

‘Explain what is meant by stable, unstable

and neutral equilibrium. Give one example

inz each case.

Stable Equiiiﬁrium |

Such a state in which on disturbing a body

slightly, the body comes back to its original position.
The body is said to be in stable ethbrlum e.g. A
book lying on the table.

Unstable Equilibrium

Such a state in which on disturbing the body
slightly, the body does not come back to its original
position. The body is said to be in .unstable
equilibrium. e.g. A pencil standing in a vertical
position.

Neutral Equilibrium

A state in which on disturbing the body
slightly, the centre of gravity does not shift. The body

 is said to be in the state of neutral equilibrium. e.g. A

bail or a sphere lying on the ground.

4.1. Find the resultant of the following forces:
(i) 10 N along x-axis
(i) 6 N along y-axis and
(iii) 4 N along negative x-axis.
Ans. Solution

Scale=2N =1 ¢m

Diagram

b =F=425cm
or . Ve v
 =850N
Q=45°

4.2. Find the perpendicular components of a
force of 50N making an angie of 30° w:th X~

&KIS
Sol. F=50N
- Q=30°
Fy=?
CFy =2
F,=F.cos 0
F, = 50 X cos 30
Fy =50 x 0.866
F, =43.300 N
F,=F.sm©
F, = 50 x sin 30 ‘
F,=50x05
F,=250N
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4.3,

Sol.

4.4.

Sol.

4.5.

Sol.

Find the magnitude and direction of a

force, if its x-component is 12N and
y-component is SN,

F=12N
F,=5N
F=9 6=2

F=~F) + (B,
F=~/(12)" + (57

F=1/144 + 25

F=+169
F=13 N
tan8=%
5

tan O = 15
| 5

_ =k

O = tan 19

= 22.6° with x-axis.

A force of 100N is applied perpendicularly
on a spanner at a distance of 10 cm from a

nut. Find the torque produced by the |

force.
' F=100N
L=10cm = 0.1m -
T=3
= F XL
T=100x%90.1
7= 10 N.m.

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

K, =20N
0 =30°
F=?
F, =F. cosO
20 =F. cos 30

20 = F x 0.866

20
- 0866=F .

F=23.1 N
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4.6.

Sol.

4.7.

Sol.

4.8.

Sol.

4.9.

The steering of a car has a radius 16 cm.
Find the torque produced by a couple of

- 50N. -
R=16cm=0.16 m
d=2%XK
d=032m
F=50N
:
tT=F xXd
=50 . 0.32
= 16.00 N.m.

A picture frame is hanging by twe vertical
strings. The tensions in the sirings are 3.8N
and 4.4N. Find the weight of the picture
frame. - -

T;=3.8N
Th=44N
w="7

w=T +T |
w=38+44
w=82N

Two blocks of masses 5 kg and 3 kg are
suspended by the two sirings as shown.
Find the tension in each string.

m; =5 kg
mpy=3kg
weight of body A = w = myg
wi; =3 X 10
w; =50 N
weight of body B = wy = mgg
| =3 x 10
=30 N
11 =W + wa
| =50 + 30
T, = 80N
Tr=wsy
T, =30

A nut has been tightened by a force of
200N using i0cm long spanner. What
length of a spanner is required to loosen
the same nut with 150N force?




CF=200N
L=10cm=01m

=1
t=FXL
T =200 x 0.1
F=150N
— &
1=FxL
20=150x L

L=0.133m or 13. 3¢m

A block of mass 20kg is suspended at a |
distance of 20cm from the centre of a
aniform bar Im long. What force Is
required to balance it at ifs centre of |
grawty by applying the fore at the other
and of the bar?

I‘i‘;-———lﬂkg
w=10x10
=100 N

OA=20cm =  02m
OB=50cm = 0.5m
- B= |
OAxw#FXOB

02 % 100=Fx0.5

40 = F

F = 40N
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