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CHAPTER

Composition, Resolution and
Equilibrium of Forces

1.1 Force

Force is the action of one body on another. It may be defined as an action which changes or tends to
change the state of rest or of uniform motion of body. For representing the force acting on the body, the magnitude
of the force, its point of action and direction of its action should be known. There are different types of forces such
as gravitational, frictional, magnetic, inertia or those caused by mass and acceleration.

According to Newton’s second law of motion, we can write force as

length
time?

One Newton force is defined as that which gives an acceleration of 1 m/s? to a body of mass of 1 kg in
the direction of force.

Thus, 1N = 1kg x 1 m/s? = 1 kg-m/s?

The action of one body and another, which changes or tends to change the state of rest or of uniform
motion of body is called as force.

The three requisites for representing the force acting on the body are:

e Magnitude of force

e |ts point of action, and

e Direction of its action

F = ma= mass x

1.2 Effects of a Force

A force may produce the following effects in a body, on which it acts:

1. It may change the motion of a body i.e. if a body is at rest, the force may set it in motion. And if the
body is already in motion, the force may accelerate or retard it.

2. It may retard the forces, already acting on a body, thus bringing it to rest or in equilibrium.

3. It may give rise to the internal stresses in the body, on which it acts.

1.3 Characteristics of a Force
To know the effect of force on a body, the following elements of force should be known.
1. Magnitude (i.e. 2 N, 5 kN, 10 kN etc.)
2. Direction or line of action.
3. Sense or nature (push or pull).
4. Point of application.
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Force Systems

A force system is collection of forces acting on a body in one or more planes. According to the relative

position of the lines of action of the forces, the forces may be classified as follows:

1.5

1.6

1. Collinear: The forces whose lines of action lie on the same line are known as collinear forces.

2. Concurrent: The forces, which meet at one point, are known as concurrent forces. Concurrent forces
may or may not be collinear.

3. Coplanar: The forces whose line of action lie on the same plane are known as coplanar forces.

4. Coplanar concurrent: The forces, which meet at one point and their line of action lie on the same
plane, are known as coplanar concurrent forces.

5. Non-coplanar concurrent: The forces, which meet at one point but their lines of action do not lie on
the same plane, are known as coplanar non-concurrent forces.

6. Coplanar non-concurrent: The forces, which do not meet at one point but their line of action lie on
the same plane, are known as coplanar non-concurrent forces.

7. Non-coplanar non-concurrent: The forces, which do not meet at one point and their line of action
do not lie on the same plane, are known as non-coplanar non-concurrent forces.

Resultant Force
A single force which produces same effect on the body as the system of forces is called as resultant force.

Parallelogram Law of Forces
This law is used for finding the resultant of two forces acting at a point.

If two forces F, and F, are acting at a point and are represented in magnitude and direction by two sides

of a parallelogram, then their resultant is represented by the diagonal of the parallelogram both in magnitude and
direction.

Consider a parallelogram OACB as shown in figure 1.1 where sides OA and OB represent the forces F,

F, acting at a point O. According to the parallelogram law of forces, the resultant Ris represented by a diagonal OC.

Let 8 be the angle between the forces F, and £, and o be the angle made by R with force F,.
From the figure 1.1 we can write F, B C
BC = 0OA=F,
AC = OB =F,
Z/BOA =0 =2CAD
and AODC and AADC are right angle triangles.
From triangle ADC, we can write

AD = AC cosb = F, cos6
CD = AC sin® = F, sin®

e} F, A D

. . Figure 1.1
From triangle ODC, we can write

OC? = O + C? = (OA + AD)? + C[?

R? = (F, + F, cosb)? + (F, sinB)?
= F? + 2RF, 086 + F£ cos? 6 + F£ sinf e
= F7 + 2R, 086 + F£(Cos® 6 + sin6)
= F?+2FF,cos6 + F
R= F? + 2FF,cos0 + F2 - (D)
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From triangle ODC,
CD CcD F,sin® -
tano = — = = .. (i)
OD OA+AD F +F,cos6
Thus R = F? + 2FF,cos0 + F2
and tana = _Fpsin®
Fy + F,cos6

1.7 Triangle Law of Forces

This law states that:

If two forces acting simultaneously on a body are represented in magnitude and direction by two sides
of a triangle taken in order then their third side will represent the resultant of two forces in the direction and
magnitude taken in opposite order.

F. C
2 F2

o F, o F, A D
Figure. 1.2
If three forces are acting on a body and they are represented by three sides of the triangle in magnitude
and direction, then the body will be in equilibrium condition.

1.8 Polygon Law of Forces

When two more forces are acting on the body, the triangle law can be extended to polygon law.

If a number coplanar concurrent forces acting simultaneously on a body are represented in magnitude
and direction by the sides of a polygon, taken in order, then their resultant can be represented by closing side of
the polygon in magnitude and direction in the opposite order.

F,

(@]
F1
R
F F,
Figure. 1.3

Consider the forces F,, f, and F, acting at a point O as shown in figure 1.3. As per the polygon law of
forces the resultant force Ris as shown in figure 1.3. According to parallelogram law, then the resultant of £, and
F, is represented by R, and resultant of A, and £, is represented by A,. The resultant Ris the resultant of £, and
R,. This procedure can be extended to any number of forces acting at a point in a plane.
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1.9 Composition of Forces

Conversion of system of forces into an equivalent single force F, Fi
system is known as the composition of forces. The effect of single
equivalent force will be same as the effect produced by number of o o o
forces action on a body.

O3 o

Let the forces F,, F,, F;, F, are acting on a body in a plane '
making angle o, o, o and o, with x-axis as shown in figure 1.4. Let R F, F,
be the resultant force of all the forces acting at the point making an
angle 6 with horizontal as shown in figure. Resolving the forces along
x-axis and y-axis, we get

Figure 1.4

XF = F,cos o, —F,cosa,-Ff;coso,+ F,cosa,
ZFy = F,sin o, + F, sin a, — £y sin o, - £, sin o,
Component of R along x-axis = R cosf
Component of R along y-axis = R sin®
Rcos®=ZXF
and Rsin® =% Fy
R? (sin® @ + cos® 8) = (ZF)° + (XF 7

Figure 1.5

fi= JEF) +(ZF)

IF,
and tan® = —=
>F

X

A body which is under co-planar system of concurrent forces is in equilibrium if R =0 or

2F =0 and ZFy=O y F
F sin6
1.10 Resolution of Forces
Replacing force Fby two forces along x and y axis acting on the same 0 F cos®
body is called resolution of forces. Resolution is the reverse process of o) > x
Figure 1.6

composition.

Case I: Aforce Facting at a point ‘O’ making angle 6 with horizontal as
shown in figure 1.6. Then its components along x and y axis are given
by

F.=Fcos®andF, =Fsin6

Case lI: The resolution of force W when the body is on an inclined
plane. The components of the body force W are given by
W,=Wcos® and W, = Wsin 6

where W, is normal component to inclined plane and W, is parallel
component toinclined plane.

Figure 1.7

1.11 Equilibrium of Forces

If a body is moving at a constant velocity or the body is at rest then the body is said to be in equilibrium
in a state. If a number of forces are acting on the body and its resultant comes out to be zero, then the body is
said to be in equilibrium. Such a set of forces, whose resultant is zero, are called equilibrium forces.
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Q.1

Q.2

' STUDENT'S ASSIGNMENT

A string is wrapped on a wheel of moment of
inertia 0.2 kg/m? and radius 10 cm and goes
through a light pulley to support a block of mass
2.0 kg as shown in figure. The acceleration of
block is

10 cm

(@) 0.79m/s?
(c) 0.99 m/s?

(b) 0.89 m/s?
(d) 1.99 m/s?

Figure shows two blocks A and B, each having
a mass of 320 g connected by a light string
passing over a smooth light pulley. The
horizontal surface on which block A slides is
smooth. The block A is attached to a spring of
spring constant 40 N/m. Initially spring is vertical
and unstretched. The extension in the spring at
the instant when block A breaks off is

(Take g = 10 m/s?)

40 cm

L,

(b) 6cm
(d) 10cm

(@) 2cm
(c) 8cm

STUDENT'S
> ANSWER KEY / ASSIGNMENT |
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) HINTS & SOLUTIONS // , STUDENTS.

1. [Q)

I = 0.2kgm?
r= 0.1
m = 2kg T
ma
mg-T = ma
la
Now — T= je

r

= 2x9.81 = (2+£)a
0.01

= a = 0.89m/s?

kx cos©
ke sin@=—F———F—
mg
Given: m = 0.32 kg, k = 40 N/m, h = 0.4 m,
g=10m/s?
From FBD,kx cos® = mg
= cosf = mg
kx
0.4 mg
7 0d4+x | kx
0.4 0.32x10
= 04+x _ 40x
Onsolving x = 0.1m=10cm





