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17:-RELATION BETWEEN 
𝑌, 𝜂 𝑎𝑛𝑑 𝜎

If a tangential force F is applied to the upper face 
ABEF of a cube ABCDEFGH, then the face ABCD 
is displaced to new position A’B’CD and diagonal 
DB increases to DB’ while diagonal CA decreases to 
CA’.

𝑆ℎ𝑒𝑎𝑟𝑖𝑛𝑔 𝑠𝑡𝑟𝑒𝑠𝑠 =
𝐹

𝐴𝑟𝑒𝑎 𝐴𝐵𝐺𝐻
= 𝑇

Now the shearing stress along AB is equivalent to the 
tensile stress along DB and an equal compressive 
stress along CA at right angles.

Let 𝛼=longitudinal strain per unit stress

𝛽 =lateral strain per unit stress





Now the increase of diagonal DB due to tensile 
stress= 𝐷𝐵 ∙ 𝑇 ∙ 𝛼 and increase in diagonal DB 
due to compressive stress along AC= 𝐷𝐵 ∙ 𝑇 ∙ 𝛽

∴ Total increase along DB = 𝐷𝐵 ∙ 𝑇 ∙ (𝛼 + 𝛽)

= 2𝐿𝑇(𝛼 + 𝛽) eq(1)

Where L is the length of a side of the cube.

Now, 𝐵𝐸 ⊥ 𝐷𝐵′. So, increase in length ≈ 𝐵′𝐸

Since θ is very small, 𝐵′𝐸 = 𝐵𝐵′ cos 45° =
𝐵𝐵′

2
=

𝑙

2

Where l is the change in length of the side of the 
cube. Putting in eq(1)

𝑙

2
= 2𝐿𝑇(𝛼 + 𝛽)



or,  𝑇 ∙
𝐿

𝑙
=

1

2(𝛼+𝛽)

Also  𝜂 =
𝑇

 𝑙 𝐿
=

𝑇𝐿

𝑙

∴ 𝜂 =
1

2(𝛼+𝛽)
=

1

2𝛼(1+  𝛽 𝛼)
eq(2)

Now by definition, Poisson's ratio 𝜎 =
𝛽

𝛼

and  Young’s modulus 𝑌 =
1

𝛼

So, 

𝜂 =
𝑌

2(1 + 𝜎)

or, 𝑌 = 2𝜂(1 + σ) eq(3)



Relation between 𝑌, 𝐾 𝑎𝑛𝑑 𝜎

Let us consider a unit cube ABCDEFGH and let forces
𝑇𝑥, 𝑇𝑦 and 𝑇𝑧 act to the face BEHC and AFGD, EFGH

and ABCD, ABEF and CDGH respectively as shown in
the figure.

If α corresponds to the increase per unit length per unit
tension along the direction of force, then the increase in
the edge AB, BE and BC will be 𝑇𝑥 ∙ 𝛼, 𝑇𝑦 ∙ 𝛼 and 𝑇𝑧 ∙
𝛼 respectively.

If β corresponds to the contraction per unit length per
unit tension in a direction ⊥ to the force, then the
contraction produced ⊥ to the edge AB, BE and BC
will be 𝑇𝑥 ∙ 𝛽, 𝑇𝑦 ∙ 𝛽 and 𝑇𝑧 ∙ 𝛽 respectively.





So, the length’s of the edges will be :
𝐴𝐵 = 1 + 𝑇𝑥 ∙ 𝛼 − 𝑇𝑦 ∙ 𝛽 − 𝑇𝑧 ∙ 𝛽
𝐵𝐸 = 1 + 𝑇𝑦 ∙ 𝛼 − 𝑇𝑥 ∙ 𝛽 − 𝑇𝑧 ∙ 𝛽
𝐵𝐶 = 1 + 𝑇𝑧 ∙ 𝛼 − 𝑇𝑥 ∙ 𝛽 − 𝑇𝑦 ∙ 𝛽

Hence the new volume of the cube=𝐴𝐵 × 𝐵𝐸 × 𝐵𝐶
= (1 + 𝑇𝑥 ∙ 𝛼 − 𝑇𝑦 ∙ 𝛽 − 𝑇𝑧 ∙ 𝛽)

× 1 + 𝑇𝑦 ∙ 𝛼 − 𝑇𝑥 ∙ 𝛽 − 𝑇𝑧 ∙ 𝛽

× 1 + 𝑇𝑧 ∙ 𝛼 − 𝑇𝑥 ∙ 𝛽 − 𝑇𝑦 ∙ 𝛽

Since 𝛼 and 𝛽 are very small, higher powers are 
neglected.



 Volume = 1 + 𝛼 𝑇𝑥 + 𝑇𝑦 + 𝑇𝑧 − 2𝛽 𝑇𝑥 + 𝑇𝑦 +



Now the bulk modulus,

𝐾 =
𝑆𝑡𝑟𝑒𝑠𝑠

𝑉𝑜𝑙𝑢𝑚𝑒 𝑆𝑡𝑟𝑎𝑖𝑛

=
𝑃

3𝑃(𝛼 − 2𝛽)
=

1

3(𝛼 − 2𝛽)

or, 𝐾 =
 1 𝛼

3(1−2  𝛽 𝛼)

 𝐾 =
𝑌

3(1−2𝜎)



Relation between Y, 𝜂 and K 

We have

𝜂 =
𝑌

2(1 + 𝜎)
[1]

𝐾 =
𝑌

3(1 − 2𝜎)
[2]

From eq(1), we have

2 + 2𝜎 =
𝑌

𝜂
[3]

and  from eq(2), we have

1 − 2𝜎 =
𝑌

3𝐾
[4]



Adding eq(3) and (4), we have

3 =
𝑌

3𝐾
+

𝑌

𝜂
= 𝑌

1

3𝐾
+

1

𝜂

or 
3

𝑌
=

𝜂+3𝐾

3𝜂𝐾

 𝑌 =
9𝜂𝐾

𝜂+3𝐾
[5]
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