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Conditions of Static Equilibrium
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Elastic Properties of Solids

Dr. Feras Fraige Physics I Version 1 

•The deformation of solids will be discussed in terms of the concepts of 

stress and strain. 

•Stress is a quantity that is proportional to the force causing a deformation;

•more specifically, stress is the external force acting on an object per unit 

cross-sectional area. The result of a stress is strain, which is a measure of 

the degree of deformation.

•It is found that, for sufficiently small stresses, strain is proportional to 

stress; the constant of proportionality depends on the material being 

deformed and on the nature of the deformation. We call this proportionality 

constant the elastic modulus. The elastic modulus is therefore defined as 

the ratio of the stress to the resulting

•strain:



Young’s Modulus

• We define the tensile stress as the ratio of the magnitude of the 

external force F to the cross-sectional area A. The tensile strain in 

this case is defined as the ratio of the change in length ΔL to the 

original length Li. We define Young’s modulus (Y) by a combination 

of these two ratios:
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Shear Modulus

• We define the shear stress as F/A, the ratio of the tangential force to the 

area A of the face being sheared. The shear strain is defined as the ratio 

Δx/h, where Δ x is the horizontal distance that the sheared face moves and 

h is the height of the object. In terms of these quantities, the shear modulus 

is:
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Bulk Modulus

• The volume stress is defined as the ratio of the magnitude of the total force 

F exerted on a surface to the area A of the surface. The quantity P = F/A is 

called pressure. If the pressure on an object changes by an amount           

ΔP = Δ F/A, then the object will experience a volume change Δ V. The 

volume strain is equal to the change in volume Δ V divided by the initial 

volume Vi. Thus, we can characterize a volume (“bulk”) compression in 

terms of the bulk modulus, which is defined as
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Suppose that the tension in the cable is 940 N as the actor reaches the lowest 

point. What diameter should a 10-m-long steel wire have if we do not want it to 

stretch more than 0.5 cm under these conditions? (Y = 20 x 1010 N/m2)
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A solid brass (B = 6.1 x 1010 N/m2) sphere is initially surrounded by air, and the 

air pressure exerted on it is 1 x 105 N/m2 (normal atmospheric pressure). The 

sphere is lowered into the ocean to a depth where the pressure is 2 x 107 N/m2. 

The volume of the sphere in air is 0.50 m3 By how much does this volume 

change once the sphere is submerged?


