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Elasticity

When an external force is applied on a body, which is not free to move, there will be a relative
displacement of the particles. Due to the property of elasticity, the particles tend to regain their
original position. The external forces may produce change in length, volume and shape of the
body. This external force which produces these changes in the body is called deforming force. A
body which experiences such a force is called deformed body. When the deforming force is
removed, the body regains its original state due to the force developed within the body. This
force is called restoring force. The property of a material to regain its original state when the
deforming force is removed is called elasticity. The bodies which possess this property are
called elastic bodies. Bodies which do not exhibit the property of elasticity are called plastic.
The study of mechanical properties helps us to select the material for specific purposes. For
example, springs are made of steel because steel is highly elastic.

Stress & Strain

In a deformed body, restoring force is set up within the body which tends to bring the body back
to the normal position. The magnitude of these restoring force depends upon the deformation
caused. This restoring force per unit area of a deformed body is known as stress.
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Unit of stress : N m-2
Dimensions : ML-1T-2

Due to the application of deforming force, length, volume or shape of a body changes. Or in
other words, the body is said to be strained. Thus, strain produced in a body is defined as the
ratio of change in dimension of a body to the original dimension.
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Strain is the ratio of two similar quantities. Therefore it has no unit.
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Tensile Stress & Tensile Strain

If the deforming force is applied along some linear dimension of a body, the corresponding
stress is called longitudinal stress or tensile stress.

tensile forcce
tensile stress

area perpendicular to the force


Strain due to the tensile stress is called tensile strain.

change in length
tensile strain

natural length


Elastic Limit

If an elastic material is stretched or compressed beyond a certain limit, it will not regain its
original state and will remain deformed. The limit beyond which permanent deformation occurs
is called the elastic limit.

Proportional Limit

The proportional limit determines the greatest stress that is directly proportional to strain. (It is
defined as the point up to which the stress and the strain are directly proportional)

Hooke’s Law

According to Hooke’s law, within the proportinal limit, extension produced in a body is directly
proportional to the force applied on it.
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where k is spring constant or force constant.
Force constant depends on

1. natural length of the elastic string
2. cross section of the elastic string

Work done in Stretching a Wire

The work done in extending the wire through e is given by,
W = average force x extension
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The work done per unit volume = 
work done
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= 
1
2 F e

A
 
 l

= 
1 F e
2 A

       
   l

= 
1

stress strain
2
 

Extension - Force Curve for Copper Wire

A - Proportional limit

B - Elastic limit

C - Yield Stress Point

D - Ultimate Stress Point

E - Breaking point

Stress - Strain Curve for Copper Wire

A - Proportional limit

B - Elastic limit

C - Yield Point

D - Ultimate Point

E - Breaking point

Young’s Modulus

With in the proportional limit, tensile starin is directly proportional to the tensile stress applied

on the wire.

tensile stress
Young's modulus
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Units of Young’s modulus is N m-2.

01. A load of 3.0 kg produces an extension of 1.5 mm in a wire of length 3.0 m and cross
sectional area 2 mm2. What is the Young’s modulus of the material of the wire?

02. What force is required to stretch a steel wire, 1 cm2 cross section, to increase its length by
1 %. Given Young’s modulus for steel is 2 x 1011 N m-2.

03. A wire is made of a material of density 10 g cm-3 and breaking stress 5 x 109 N m-2. What
length of the wire will break under its own weight when suspended vertically?

04. A wire of length 50 cm and cross - sectional area 1 mm2 is made of a material of Young’s
modulus 2 x 1010 N m-2. How much work is done in streching the wire through 1 mm?

05. Two steel wires of lengths 1 m and 2 m have diameters 1 mm and 2 mm respectively. If they
are stretched by forces of 40 N and 80 N respectively, find the ratio of their elongations.

06. A light rod of length 200 cm is suspended from the ceilling horizontally by means of two
vertical wires of equal length tied to its ends. One of the wire is made of steel and is of
cross section 0.1 cm2 and the other is of brass of cross section 0.2 cm2. Find the position
along the rod at which a weight may be hung to produce

(i) equal stesses in both wires and
(ii) equal strains in both wires.

(Young’s modulus of steel and brass are 1 x 1011 N m-2 and 2 x 1011 N m-2 respectively)

07. A steel wire of diameter 0.8 mm and length 1 m is clamped firmly at two points A and B
which are 1 m apart and in the same horizontal plane. A body is hung fro the middle point
of the wire such that the middle point sags 1 cm lower from the original position. Calculatethe
mass of the body. Given Young’s modulus of the material of wire = 2 x 1011 N m-2.

08. Two wires of different materials, each 2 m long and of cross section 2 mm2, are joined in
series to form a composite wire. What force will produce a total extension of 0.9 mm?
(Young’s modulus of materials are 2 x 1011 N mm-2 and 5 x 1011 N m-2)


