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ELASTICITY

• Under the application of external forces, the body

may get deformed and development of restoring

force tends to get its original or natural shape back

again, after the removal of deforming forces, the

extent of restore varies from material to material.

• The property of the material to restore the original

shape or to oppose the deformation is called as

elasticity.
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Stress

Stress: The restoring force per unit cross sectional area 
is called stress.

𝑆𝑡𝑟𝑒𝑠𝑠 =
𝑅𝑒𝑠𝑡𝑜𝑟𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛
=
𝐹

𝐴

Units:  𝑁 𝑚2

Types of stress:

1. Longitudinal stress : Restoring force normal to 
cross sectional area and along the length.

2. Bulk Stress : Equal restoring force acting normal 
to all faces.

3. Shear stress or tangential stress : Restoring force 
parallel to the surface.
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Strain

Strain is defined as the ratio of the change in dimension 
of the material to original dimension.

𝑆𝑡𝑟𝑎𝑖𝑛 =
𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛

𝐴𝑐𝑡𝑢𝑎𝑙 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛

Strain is a dimension less quantity. It has no unit.

Types of strain:

1. Linear strain : Change in length per unit length

2. Volume strain : Change in volume per unit volume

3. Shear strain or Shear : Angular deformation
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Hooke's Law of Elasticity 

Statement of the Hooke's law :-At low stress values, 
the stress in a body is directly proportional to the 
corresponding strain. 

i.e. Stress ∝ Strain or  Stress = 𝐸 × 𝑆𝑡𝑟𝑎𝑖𝑛

𝑆𝑡𝑟𝑒𝑠𝑠/𝑆𝑡𝑟𝑎𝑖𝑛=𝐸

Where , E = Proportionality constant. It is a constant 
quantity for the given material. 

Unit of E: Pascal or N/𝑚2 .  

This constant is also known as modulus of elasticity or 
stiffness constant. 
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Young's modulus of elasticity

Young's modulus is defined as the ratio of 
longitudinal stress to longitudinal strain.

i.e.

𝑌 =  
𝜎𝑙𝑜𝑛𝑔

𝜖𝑙𝑜𝑛𝑔

Or simply,

𝑌 =
 𝐹 𝐴

 ∆𝐿
𝐿0

=
𝐹𝐿0
𝐴∆𝐿

It's value for a material is affected by factors like 
bonding character, temperature, anisotropy etc. 
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Bulk Modulus of Elasticity

The bulk modulus is defined as the ratio of volume (bulk) 
stress to volume (bulk) strain 

i.e.𝐾 =
𝑑𝑃

 𝑑𝑉
𝑉

Where, dP = Increase in pressure,

dV =Change in volume, 

V = Original volume 

Sometimes negative sign is used because the volume 
decreases with increase in pressure. 

Compressibility is defined as the reciprocal of the bulk 
modulus. 

i.e.          𝐾 =
1

𝐵
= −

1

𝑉

𝑑𝑉

𝑑𝑃

7



Rigidity Modulus

Shear modulus or modulus of rigidity (or torsional 
modulus) is defined as the ratio of shearing stress to 
strain developed by shearing the material.

i.e. G or

𝑛 =
𝑇𝑎𝑛𝑔𝑒𝑛𝑡𝑖𝑎𝑙 𝑠𝑡𝑟𝑒𝑠𝑠

𝑆ℎ𝑒𝑎𝑟 𝑆𝑡𝑟𝑎𝑖𝑛
=

 𝐹 𝐴
 𝑥 ℎ

=
𝐹ℎ

𝐴𝑥
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Poisson’s Ratio

When a force of deformation is applied on the wire 
of length 𝑙 and radius 𝑟, its length increases by an 
amount 𝑑𝑙 and the radius decreases by 𝑑𝑟. 

Therefore, two types of strain are produced:

i) Longitudinal strain (  ∆𝑙 𝑙)

Ii) Lateral strain (−  ∆𝑟
𝑟)
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Poisson’s Ratio

The ratio of lateral strain per unit stress to the 
longitudinal strain per unit stress is known as 
Poisson’s ratio (𝜎).

𝜎 =
𝑙𝑎𝑡𝑒𝑟𝑎𝑙 𝑠𝑡𝑟𝑎𝑖𝑛

𝑙𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑖𝑛𝑎𝑙 𝑠𝑡𝑟𝑎𝑖𝑛
=
−  ∆𝑟

𝑟

 ∆𝑙
𝑙

It has no units. Practical values of 𝜎 lies between 
0.2 to 0.5.
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