
Chapter 12
Equilibrium and Elasticity

Tokyo Tower: tallest structure in the world



12.1 Physics and Equilibrium

• What allows structures to be stable in spite of 
forces acting on them?

• Under what conditions do objects deform?



12.2 Equilibrium

Fig. 12-1 A balancing rock. Although 
its perch seems precarious, the rock is 
in static equilibrium. (Symon Lobsang/
Photis/ Jupiter Images Corp.)

The two requirements for the state of equilibrium 
are:
1. The net force on the structure vanishes (the 
linear momentum of its center of mass is 
constant).
2. The net torque about any point vanishes (the 
angular momentum about its center of mass, or 
about any other point, is also constant).

The balancing rock of Fig. 12-1 is an example of 
an object that is in static equilibrium. That is, in 
this situation the linear and angular momenta in 
the above requirements vanish;



12.3 The Requirements of Equilibrium
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12.4 The Center of Gravity

Proof:
define cog by requiring that 

which shows that cog = com (provided the gravitational acceleration is uniform!)

We have been calculating the effect
of gravity on a rigid body as if the
force were acting at a single point, 
the com.

We can always find some point on which
the weight acts giving the same effect as
the distributed gravitational force:



Example, static equilibrium:



Example, static equilibrium:
choose z-axis out of the plane of 
the slide through bottom of ladder



Example, static equilibrium:





Example, static equilibrium, cont.:



Example, static equilibrium, cont.:



Example, static equilibrium:

Let’s do this for a more general case: the block a distance x from the beam’s left end.



Example, static equilibrium:



12.6: Indeterminate Structures
Given the weight of the elephant and table, and 
where the elephant is sitting on the table, what are 
the four forces on the legs of the table?

We can’t tell if all we use is the conditions for 
static equilibrium: there are more unknowns than 
equations:

Since al the forces are in the vertical direction (z-
axis)  there are four unknowns. There is one force 
equation (z-component), and two torque equations
(x- and y-components).

We call this an indeterminate problem.



But we know that if we put four scales under the 
legs of the table they will read a definite force on 
each leg. So there must be additional data that 
allows one to determine these forces.

What went wrong?

We assumed the bodies involved are perfectly rigid.  
This is an idealization. 

Once we understand how bodies deform under the 
action of applied forces we will be able to fix our 
inability to compute in cases of indeterminate 
structures.

Need to learn about elasticity.



Will not cover the rest in class



U(x) ≈ 1
2
k(x− x2)2

12.7: Elasticity

Solid:
•Many atoms
•Arranged in regular lattice
•Each atom held in place by forces
•Equilibrium
•Like interatomic springs

Near equilibrium position potential
looks like parabola, which is potential
of spring:



12.7: Elasticity

A stress is defined as deforming force per unit area, which produces a 
strain, or unit deformation.

Stress and strain are proportional to each other. The constant of 
proportionality is called a modulus of elasticity.



12.7: Elasticity: Tension and Compression
For simple tension or compression, the stress 
on the object is defined as F/A, where F is 
the magnitude of the force applied 
perpendicularly to an area A on the object. 

The strain, or unit deformation, is then the 
dimensionless quantity ΔL/L, the fractional 
change in a length of the specimen.

The modulus for tensile and compressive 
stresses is called the Young’s modulus and 
is represented in engineering practice by the 
symbol E. Fig. 12-12 A stress–strain curve for a

steel test specimen. The specimen 
deforms permanently when the stress 
is equal to the yield strength of the 
specimen’s material. It ruptures when
the stress is equal to the ultimate 
strength of the material.



12.7: Elasticity: Shearing
In the case of shearing, the stress is also a force per unit area, but the force 
vector lies in the plane of the area rather than perpendicular to it. The strain is 
the dimensionless ratio Δx/L, with the quantities defined as shown in the 
figure. The corresponding modulus, which is given the symbol G in 
engineering practice, is called the shear modulus.



12.7: Elasticity: Hydraulic Stress
In the figure, the stress is the fluid pressure p on the object, where pressure is 
a force per unit area. 

The strain is ΔV/V, where V is the original volume of the specimen and ΔV is 
the absolute value of the change in volume.

The corresponding modulus, with symbol B, is called the bulk modulus of 
the material. The object is said to be under hydraulic compression, and the 
pressure can be called the hydraulic stress. 



12.7: Elasticity



Example, elongated rod



Example, wobbly table We take the table plus steel cylinder as our system. 
The situation is like that in the figure. If the tabletop 
remains level, the legs must be compressed in the 
following ways: Each of the short legs must be 
compressed by the same amount (call it ΔL3) and thus 
by the same force of magnitude F3.The single long 
leg must be compressed by a larger amount ΔL4 and 
thus by a force with a larger magnitude F4. 


