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Definitions

Rigid Body: A body is said to be rigid if a force applied to it produces no or negligible change
in its shape and size.

Elastic Body: If a body completely regains its original shape and size on the removal of the
deforming forces, the body is said to be perfectly elastic. This property of the body is called
elasticity.

Plastic Body: If a body completely retains its altered shape and size on the removal of the
deforming forces, the body is said to be perfectly plastic.

Isotropic Body: If the material of which the body is composed has same physical properties in
every direction, the body is said to be isotropic.

Stress: When external forces acting on a body produce some deformation of the body, internal
restoring forces between adjacent molecules on either side of a section through the body are set
up in it. These forces tend to restore the body to its original shape and size. When every portion
of the body is in equilibrium, the internal restoring force per unit area is called the stress. Stress
is defined as

stress =
magnitude of applied force

area on which the force acts
=
F

A

More appropriate definition of stress is

stress =
Component of force normal to area

area on which the force acts

The dimension is given as, [ML−1T−2]
and its unit is N/m2.
Stress is not a scalar quantity. It is neither a vector quantity as no specific direction can be
assigned to it. For an isotropic body, stress can be resolved into six components. Hence, it is a
symmetric tensor. There are three types of stress

1. Tensile or Longitudinal Stress

2. Volume or Bulk Stress

3. Tangential or Shear Stress
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Strain: External forces acting on a body produce a change in its shape and size. The fractional
change is called strain. There are three ways to produce strain

1. Tensile or Longitudinal Strain: It is produced by applying equal and opposite forces
along the length of deformation. It is given as δL/L, where δl is the change in length and
l is the original length.

2. Volume or Bulk Strain: It is produced by uniform increase of pressure on the surface
of the body. It is given as −δV/V , where δV is the change in volume and V is the original
volume.

3. Tangential or Shear Strain: It is produced by tangential force acting on the surface of
a body, the opposite end being fixed. It is the angular deformation θ.

Hooke’s Law: For stresses within the elastic limit of a material, the strain produced is directly
proportional to the stress applied. It is given as, stress ∝ strain. Hence, we get

stress

strain
= constant

This constant has a definite value for any given material and is called it’s modulus of elasticity. It
has the units of stress i.e. N/m2 and dimensions are [ML−1T−2].

Modulus of Elasticity: According to the nature of the strain, there are three moduli of elas-
ticity of a material,

1. Young’s Modulus (Y):

Y =
Tensile or Longitudinal Stress

Tensile or Longitudinal Strain
=

F/A
δL/L

=
FL

AδL

2. Bulk Modulus (K):

K =
Volume or Bulk Stress

Volume or Bulk Strain
=

δP
−δV/V

= −V δP
δV

3. Shear Modulus or Modulus of Rigidity (η):

η =
Tangential or Shear Stress

Tangential or Shear Strain
=

F/A

θ
=
FA

θ

Poisson’s Ratio: It is a commonly observed fact that when we stretch a string or a wire, it
becomes longer but thinner. A longitudinal strain produced in the wire is accompanied by a
transverse or lateral strain of an opposite kind in a direction at right angles to the direction of the
applied force.
Within elastic limit, the lateral strain is proportional to the longitudinal strain. The constant of
proportionality σ is called as the Poisson’s Ratio. It is given as,

σ =
Lateral Strain

Longitudinal Strain
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Two more constants can be defined as,

α =
Longitudinal Strain

Longitudinal Stress

β =
Lateral Strain

Longitudinal Stress

Hence we get, α = 1/Y and σ = β/α.

Relationship between Longitudinal Stress and Strain

Suppose a metal wire is stretched by equal and opposite forces at the ends so that its length
increases. Figure (1) shows a qualitative relationship between stress and strain.

Figure 1: Stress vs. Strain Curve

When the strain is small, the stress is proportional to the strain. This is the region where Hooke’s
Law is valid and the Young’s modulus is defined. The point a on the curve represents the pro-
portional limit.
If the strain is increased little bit, the stress is no longer proportional to strain. However, the wire
still remains elastic and when the stretching force is removed; the wire regains its original length.
This is represented by point b. This is called as the elastic limit or yield point.
If the wire is stretched beyond the elastic limit, the strain increases more rapidly. Now, if the
stretching force is removed, the wire does not come back to its original length. Some permanent
increase in the length takes place. In the figure it is shown by the dotted line from point c. The
behaviour of the wire is now plastic.
If further stretching is done, the wire breaks at the point d. This point is called fracture point
and the corresponding stress is called as breaking stress.
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Elastic Potential Energy of a Strained Body

When a body is in its natural shape, its potential energy corresponding to the molecular forces
is minimum. We take this state to be zero. When deformed, internal forces appear and work
has to be done against these forces. Thus potential energy is increased. This is called the elastic
potential energy.
Suppose a wire of length L and cross-sectional area A is stretched by an external force F . If the
extension produced in the wire is x, Young’s Modulus is given as,

Y =
F/A
x/L

F =
AY

L
x (1)

The work done by the external force to produce a further extension dx is

dW = Fdx

dW =
AY

L
xdx (2)

The total work done by the external force in producing extension over a range 0 to l is

W =

∫ l

0

AY

L
xdx

W =
AY

2L
l2 (3)

This work is stored into the wire as its elastic potential energy. Hence,

U =
AY

2L
l2 (4)

This may be written as,

U =
1

2

(
AY

l

L

)
l

Potential Energy =
1

2
(maximum stretching force)(extension) (5)

It can also be written as,

U =
1

2

(
Y
l

L

)(
l

L

)
(AL)

Potential Energy =
1

2
(stress)(strain)(volume) (6)
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