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Chapter 12 
Equilibrium and Elasticity 

�    What Is Physics?  

�     Equilibrium  

�    The Requirements of  Equilibrium  

�    The Center of  Gravity  

�    Some Examples of  Static Equilibrium  

�    Indeterminate Structures  

�    Elasticity 



What is Physics? 
�  Human buildings should be stable in spite of  the gravitational force 

and wind forces on it, and a bridge should be stable in spite of  the 
gravitational force pulling it downward and the repeated jolting it 
receives from cars and trucks. 

�  In this chapter we examine the two main aspects of  stability: the 
equilibrium of  the forces and torques acting on rigid objects and the 
elasticity of  non-rigid objects, a property that governs how such 
objects can deform. 



Equilibrium  
�  Equilibrium: ( Force and torque are zero) ,  

�  Static equilibrium: ( constant = 0 ) 



 The Requirements of  Equilibrium  

�  E 

�  Examples: with zero net  

External force   

and zero net external torque  

✔ 

✔ 



Coplanar problems: 

 

 

where the location of  the axis of  the torque equation 
is arbitrary. 

✔ 



The Center of  Gravity  
 

�  Center of  mass: 



�  Center of  gravity: 



Center of  gravity: 
 



Example: 
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without friction 
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with friction 
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Indeterminate Structures 

�  For the problems of  this chapter, we have only three 
independent equations at our disposal, usually two 
balance of  forces equations and one balance of      
torques equation about a given rotation axis. Thus, 
if a problem has more than three unknowns, we 
cannot solve it. 

 



�  Consider an unsymmetrically loaded car. What are 
the forces-all different on the four tires?  

�  We can solve an equilibrium problem for a table 
with three legs but not for one with four legs.  

�  Problems like these, in which there are more 
unknowns than equations, are called indeterminate. 

�  To solve such indeterminate equilibrium problems, 
we must supplement equilibrium equations with 
some knowledge of  elasticity. 



Elasticity 



✔ 



Stress-Strain curve  



 Elastic modulus 



Young’s Modulus: Elasticity in Length 
 (E or Y) 

E



✔ 



Shear Modulus: Elasticity of  Shape 



Bulk Modulus: Volume Elasticity 
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https://www.numerade.com/questions/a-23-kg-sphere-
rests-between-two-smooth-planes-as-shown-in-fig-87-
determine-the-magnitude-of-the-for/ 




