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� 1. A Body is a portion of matter limited in every direction.

� 2. Force is anything which changes or tends to change the state of rest or
uniform motion of a body.

� 3. Rest. A body is said to be at rest when it does not change its position
with respect to surrounding objects.

� 4. Statics is the science which treats the action of forces on bodies, the
forces being so arranged that the bodies are at rest.

The science which treats the action of forces on bodies in motion is called
Dynamics.

In the more modern system of nomenclature which is gradually gaining general acceptance,
the science which treats of the action of forces on bodies is called Dynamics, and it has two
subdivisions, Statics and Kinetics, treating of the action of forces on bodies which are at rest

and in motion respectively.

� 5. A Particle is a portion of matter which is indefinitely small in size, or
which, for the purpose of our investigations, is so small that the distances between
its different parts may be neglected.

A body may be regarded as an indefinitely large number of indefinitely small
portions, or as a conglomeration of particles.

� 6. A Rigid Body is a body whose parts always preserve an invariable
position with respect to one another.

This conception, like that of a particle, is idealistic. In nature no body is
perfectly rigid. Every body yields, perhaps only very slightly, if force be applied
to it. If a rod, made of wood, have one end firmly fixed and the other end be
pulled, the wood stretches slightly; if the rod be made of iron the deformation is
very much less.

To simplify our enquiry, we shall assume that all the bodies with which we
have to deal are perfectly rigid.

� 7. Equal Forces. Two forces are said to be equal when, if they act on a
particle in opposite directions, the particle remains at rest.

� 8. Mass. The mass of a body is the quantity of matter in the body. In most
of the countries, the theoretical unit of mass used is gramme and is defined to be
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the one-thousandth part of a lump of platinum-iridium, called a kilogramme. In
England, the theoretical unit of mass hitherto used is a pound and is defined to
be the mass of a certain piece of platinum kept in the Exchequer office.
Accordingly, the mass of a body is two, three, four... etc. lb, when it contains
two, three, four... times as much matter as the standard lump of platinum and
also, the mass of a body is two, three, four... gm, when it contains twice, thrice
...... of the one-thousandth part of a lump of platinum-iridium. A kilogramme
which is a practical unit is equal to about 2.2046 lb.

� 9. Weight. The idea of weight is one with which everyone is familiar. We
all know that a certain amount of exertion is required to prevent any body from
falling to the ground. The earth attracts every body to itself with a force which,
as we shall see in Dynamics, is proportional to the mass of the body.

The force with which the earth attracts any body to itself is called the weight
of the body.

� 10. Measurement of Force. We shall choose, as our unit of force in Statics,
the weight of one pound or of one gramme. The unit of force is, therefore, equal
to the force which would just support a mass of one pound or of one gramme
when hanging freely.

We shall find in Dynamics that the weight of one gramme is not quite the
same at different points of the earth’s surface.

In Statics, however, we shall not have to compare forces at different points of
the earth’s surface, so that this variation in the weight of a pound or of a gramme
is of no practical importance; we shall, therefore, neglect this variation and
assume the weight of a pound or of a gramme to be constant.

Two systems of measurement. There are two principal systems of units to
measure physical quantities.

(i) The C.G.S. (centimetre-gramme-seconds) or French [Metric] System;
and

(ii) The F.P.S. System (foot-pound-second) or British System.

We have already defined earlier (vide Art. 8) what are meant by ‘unit gramme’
and ‘unit pound’. Now, in both the systems, the unit of time is second, rather
mean solar second, which is the 1/24 × 60 × 60th or l/86400th part of a solar
day, which is the average value, for one year, of the solar day or the time which
elapses between two consecutive transits of the Sun across the Meridian, at any
place on the Earth’s surface.

The unit of length in C.G.S. system is centimetre, which is the one-hundredth
part of a metre, which is the distance between two lines engraved upon a platinum-
iridium bar kept in Paris, the temperature being kept at 0°C.

The unit of length in F.P.S. system is foot, which is one-third the distance
between two transverse lines, at 62° F on two gold plugs in a platinum-iridium
bar kept in London.
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In addition to these systems of units, there is a comparatively new system very much similar
to the C.G.S. system, in which the units of length, mass and time are the Metre, the Kilogramme,

and the Second respectively. This system is known as M.K.S. system.

� 11. In practice the expression ‘weight of one pound’ is, in Statics, often
shortened into ‘one pound’. The student will therefore understand that ‘a force
of 10 lb’ means ‘a force equal to the weight of 10 lb’. Similarly, ‘a force of
10 g’ means ‘a force equal to the weight of 10 g’.

� 12. Forces represented by straight lines. A force will be completely known
when we know (i) its magnitude, (ii) its direction, and (iii) its point of application,
i.e., the point of the body at which the force acts.

Hence we can conveniently represent a force by a straight line drawn through
its point of application; for a straight line has both magnitude and direction.

Thus suppose a straight line OA represents a
force, equal to 10 kg weight, acting at a point
O. A force of 5 kg weight acting in the same
direction would be represented by OB, where B
bisects the distance OA, whilst a force, equal to
20 kg weight, would be represented by OC,
where OA is produced till AC equals OA.

An arrowhead is often used to denote the direction in which a force acts.

� 13. Subdivisions of Force. There are three different forms under which a
force may appear when applied to a mass, viz. as (i) an attraction, (ii) a tension,
and (iii) a reaction.

� 14. Attraction. An attraction is a force exerted by one body on another
without the intervention of any visible instrument and without the bodies being
necessarily in contact. The only example we shall have in this book is the
attraction which the earth has for every body; this attraction is (Art. 9) called its
weight.

� 15. Tension. If we tie one end of a string to any point of a body and pull at
the other end of the string, we exert a force on the body; such a force exerted by
means of a string or rod is called a tension.

If the string is light [i.e. one whose weight is so small that it may be neglected]
the force exerted by the string is the same throughout its length.

For example, if a weight W is supported by means
of a light string passing over the smooth edge of a
table it is found that the same force must be applied
to the string whatever is the point, e.g. A, B, or C of
the string at which the force is applied.

Now the force at A required to support the weight
is the same in each case; hence it is clear that the
effect at A is the same at whatever point of the string
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the tension is applied and that the tension of the string
is, therefore, the same throughout its length.

Again, if the weight W is supported by a light string
passing round a smooth peg A, it is found that the
same force must be exerted at the other end of the
string whatever be the direction (AB, AC, or AD) in
which the string is pulled and that this force is equal
to the weight W.

[These forces may be measured by attaching the
free end of the string to a spring-balance.]

Hence the tension of a light string passing round a smooth peg is the same
throughout its length.

If two or more strings be knotted together, the tensions are not necessarily the
same in each string.

The student must carefully notice that the tension of a string is not proportional to its length.
It is a common error to suppose that the longer a string the greater is its tension; it is true that we
can often apply our force more advantageously if we use a longer piece of string, and hence a

beginner often assumes that, other things being equal, the longer string has the greater tension.

� 16. Reaction. If one body leans, or is pressed, against another body, each
body experiences a force at the point of contact; such a force is called a reaction.

The force or action that one body exerts on a second body is equal and
opposite to the force or reaction that the second body exerts on the first.

The idea of the “magnitude and direction of the reaction can well be understood
from Newton’s Third Law of Motion which states that ‘To every action, there is
an equal and opposite reaction’.”

Examples. If a ladder leans against a wall, the force exerted by the end of the
ladder upon the wall is equal and opposite to that exerted by the wall upon the
end of the ladder.

If a cube of wood is placed upon a table, the force which it exerts upon the
table is equal and opposite to the force which the table exerts on it.

� 17. Equilibrium. When two or more forces act upon a body and are so
arranged that the body remains at rest, the forces are said to be in equilibrium.

� 18. Introduction, or removal, of equal and opposite forces. We shall assume
that if at any point of a rigid body we apply two equal and opposite forces, they
will have no effect on the equilibrium of the body; similarly, that if at any point
of a body two equal and opposite forces are acting they may be removed.

� 19. Principle of the Transmissibility of Force. If a force acts at any point of
a rigid body, it may be considered to act at any other point in its line of action
provided that this latter point is rigidly connected with the body.
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Let a force F act at a point A of a body in a
direction AX. Take any point B in AX and at B
introduce two equal and opposite forces, each equal
to F, acting in the directions BA and BX; these will
have no effect on the equilibrium of the body.

The forces F acting at A in the direction AB, and F at B in the direction BA
are equal and opposite; we shall assume that they neutralise one another and
hence that they may be removed.

We have thus left the force F at B acting in the direction BX and its effect is
the same as that of the original force F at A.

The internal forces in the above body would be different according as the
force F is supposed applied at A or B; of the internal forces, however, we do not
treat in the present book.

� 20. Smooth bodies. If we place a piece of smooth polished wood, having a
plane face, upon a table whose top is made as smooth as possible we shall find
that, if we attempt to move the block along the surface of the table some resistance
is experienced. There is always some force, however small, between the wood
and the surface of the table.

If the bodies were perfectly smooth there would be no force, parallel to the
surface of the table, between the block and the table; the only force between
them would be perpendicular to the table.

Def. When two bodies, which are in contact, are perfectly smooth, the force
or reaction between them is perpendicular to their common surface at the point
of contact.




