SYSTEM OF FORCES

INTRODUCTION

The force 1s an important factor in the field
of Mechanics, which may be broadly
defined as an agent which produces or tends
to produce, destroys or tends to destroy
motion. €.g., a horse applies force to pull a
cart and to set it in motion. Force 1s also
required to work on a bicycle pump. In this
case, the force 1s supplied by the muscular

power of our arms and shoulders.



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 it.

2. It may retard the motion of a body.

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

4. It may give rise to the internal stresses in

the body, on which it acts.



CHARACTERISTICS OF A
FORCE

In order to determine the effects of a force,
acting on a body, we must know the
following characteristics of a force :

1. Magnitude of the force (i.e. 100 N, 50 N,
20 kN, 5 kN, etc.)

2. The direction of the line, along which the
force acts (i.e. along OX, OY, at any angle
from OX or QY etc.). It is also known as line
of action of the force.

3. Nature of the force (i.e. whether the
force is push or pull). This is denoted by
placing an arrow head on the line of action
of the force.

4. The point at which (or through which) the
force acts on the body.



PRINCIPLE OF PHYSICAL
INDEPENDENCE OF FORCES

It states, “If a number of forces are
simultaneously acting on a *particle, then
the resultant of these forces will have the
same effect as produced by all the forces”.

PRINCIPLE OF
TRANSMISSIBILITY OF FORCES

It states, “If a force acts at any point on a
rigid body, it may also be considered to act
at any other point on its line of action,
provided this point is rigidly connected with
the body”.



VARIOUS SYSTEM OF FORCES &
RESULTANT FORCE

When two or more forces act on a body,
they are called to form a system of forces.
Various system of forces are as given:

1. Coplanar forces: The forces, whose lines
of action lie on the same plane, are known
as coplanar forces.

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

3. Concurrent forces: The forces, which
meet at one point, are known as concurrent
forces.

The concurrent forces may or may not be
collinear.



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

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

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

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



RESULTANT FORCE

If a number of forces P, Q, R ... etc. are
acting simultaneously on a particle, then it 1s
possible to find out a single force which
could replace them 1.e., which would
produce the same effect as produced by all
the given forces. This single force 1s called
resultant force and the given forces P, Q. R
... etc. are called component forces.

COMPOSITION OF FORCES

The process of finding out the resultant
force, of a number of given forces, 1s called
composition of forces or compounding of
forces.

ANALYTICAL METHOD FOR
RESULTANT FORCE

The resultant force, of a given system of
forces, may be found out analytically by the
following methods :

1. Parallelogram law of forces
2. Method of resolution.
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NUMERICALS AND PRINCIPLE OF
RESOLUTION

RESOLUTION OF A FORCE

The process of splitting up the given force into a number of components, without changing
its effect on the body is called resolution of aforce. A force is, generally, resolved aong
two mutually perpendicular directions. In fact, the resolution of aforce is the reverse action
of the addition of the component vectors.



PRINCIPLE OF RESOLUTION

It states, “The algebrai c sum of the resolved parts of a no. of forces, in a given direction, is
equal to the resolved part of their resultant in the samedirection.”






EQUILIBRIUM OF RIGID BODY

LAWSFOR THE RESULTANT FORCE

The resultant force, of a given system of forces, may also be found out by the following
laws :

1. Triangle law of forces. 2. Polygon law of forces.

TRIANGLE LAW OF FORCES

It states, “If two forces acting s multaneously on a particle, be represented in magnitude
and direction by the two sides of a triangle, taken in order ; ther resultant may be
represented in magnitude and direction by the third side of the triangle, taken in opposite
order.”

POLYGON LAW OF FORCES

It is an extension of Triangle Law of Forces for more than two forces, which states, “If a
number of forces acting smultaneously on a particle, be represented in magnitude and
direction, by the sides of a polygon taken in order ; then the resultant of all these forces may
be represented, in magnitude and direction, by the closng sde of the polygon, taken in
oppositeorder.”

FREE BODY DIAGRAM

A free body diagram (FBD) is a graphical illustration used to visualize the applied forces,
moments, and resulting reactions on a body in a given condition. They depict a body or
connected bodies with all the applied forces and moments, and reactions, which act on the
body. The body may consist of multiple internal members (such as a truss), or be a compact
body (such as a beam). A series of free bodies and other diagrams may be necessary to
solve complex problems.



RIGID BODY EQUILIBRIUM

A rigid body will remain in equilibrium provided

« Sum of all the external forces acting on the body is equal to zero, and

» Sum of the moments of the external forces about a point is equal to zero
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