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Equilibrium 
Objectives 

•  State the conditions of equilibrium in terms of forces. 

•  Draw free-body diagrams for objects in equilibrium. 

•  Use the condition of equilibrium to solve for an 

unknown force in 1D problems and 2D problems. 

Assessment 

1.   A NASA rover is parked on the 
surface of Mars in a state of static 

equilibrium.  What must be true 
about the forces acting on the 

rover? 
 

a)   Draw the free-body diagram for 
this situation. 

b)  What is the force F in the cable 
connected to the wall? 

Assessment 

2.  A 50 kg mass is hanging from two 
cables as shown.  

 

•  static equilibrium 

•  net force 

Physics terms 

The net force is zero in every direction:  

For an object at rest, the net force is zero: 

Equations 



6/2/14 

2 

The word “static” means unchanging. 

An object in static equilibrium remains at rest.  

Static equilibrium 

The word “static” means unchanging. 

An object in static equilibrium remains at rest.  

The study of statics one of the most fundamental 
courses in engineering curriculums. 

 
But why?  Why study objects that aren’t even 

moving? 

Static equilibrium 

Understanding static 
equilibrium is an ESSENTIAL 

skill for designing safe 
structures. 

 
Mechanical and civil 

engineers, architects, and 

builders all work to ensure 
that a structure at rest 

REMAINS at rest.  

Static equilibrium 

In order for this bridge to 
remain at rest, what must 

be true about the forces 
that act on it? 

 

Static equilibrium 

The forces must add to zero 
in every direction:  

The net force 

The net force on any object at 
rest MUST equal zero: 

For a system to stay at rest, the 
net force must be zero. 

Knowing that the net force must 
be zero can allow you to 

determine unknown forces. 

Statics problems 
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upper cable 

lower cable 

Two masses are hanging from a 
cable.  

a)   What is the force of tension 
in the upper cable? 

b)  What is the force of tension 

in the lower cable? 

 

Example problem 

We are asked for two forces. 

upper cable 

lower cable 

What are we asked? 

Two masses are hanging from a 
cable.  

a)   What is the force of tension 
in the upper cable? 

b)  What is the force of tension 

in the lower cable? 

We are given two masses 

and a diagram showing 

their connections. 

m
1 

m
2 

What are we given? 

Two masses are hanging from a 
cable.  

a)   What is the force of tension in 
the upper cable? 

b)  What is the force of tension in 

the lower cable? 

 

What relationships do we know? 

Two masses are hanging from a 
cable.  

a)   What is the force of tension in 
the upper cable? 

b)  What is the force of tension in 

the lower cable? 

 

•  The masses are at rest so 

the net force must be zero. 

What relationships do we know? 

Two masses are hanging from a 
cable.  

a)   What is the force of tension in 
the upper cable? 

b)  What is the force of tension in 

the lower cable? 

 
•  Weight equals mg. 

Step 1:  Draw the free-body diagrams. 

Free-body diagrams 

Start with the top mass. 

There are 3 forces acting on it. 

Name them F1, F2, and m1g. 

 

Solving the problem 
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Free-body diagrams 

There are two unknown forces, F1 

and F2, so we need more information. 

Step 1:  Draw the free-body diagrams. 

Solving the problem 

Draw the free-body diagram for the 
bottom mass.   

The same force F2 holds the bottom 
mass up!  This is an action/reaction 

pair.  

 

The net force on the bottom 
mass must equal zero: 

         F2 – m2g = 0 

Therefore: 

      F2 = m2g =  (1 kg)(9.8 N/kg) 

                      = 9.8 N 

The tension in the lower 

cable is 9.8 N. 

 

Free-body diagrams 

Solving the problem 

The net force on the top mass 
must also be zero: 

         F1 - F2 – m1g = 0 

Free-body diagrams 

Solution 

Therefore: 

        F1 = F2 – m1g  

             = 9.8 N + (5 kg)(9.8 N/kg) 

             = 58.8 N 

The tension in the upper 

cable is 58.8 N. 

For an object to remain at rest 
when forces act in both the x 

and y directions, the net force 
must be zero in both directions. 

Static equilibrium in 2D  

Problem: 

A 50 kg mass hangs from two 
cables as shown.  What is the 

tension force in each cable?  

The first step:   
 
Draw the free-body diagram. 

Solving 2D problems Free-body diagram 

Problem: 

A 50 kg mass hangs from two 
cables as shown.  What is the 

tension force in each cable?  
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The next step: 
   
Resolve each force into x and y components.  

Find the force components The x-direction 

The tensions are equal (by symmetry) 
and the net force in the x-direction is 

zero no matter what the tension is.  

Setting the net force in the y-direction equal 
to zero provide the solution.  

The y-direction Assessment 

1.   A NASA rover is parked on the 
surface of Mars, in a state of static 

equilibrium.  What must be true 
about the forces acting on the 

rover? 
 

1.   A NASA rover is parked on the 
surface of Mars, in a state of static 

equilibrium.  What must be true 
about the forces acting on the 

rover? 

 

 
The forces must add to zero in 
every direction:  

Assessment 

a)   Draw the free-body diagram for 
this situation. 

2.  A 50 kg mass is hanging from two 
cables as shown.  

 

Assessment 
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The point where the three 
cables join is the best place 

to draw the free-body 
diagram, not the 50 kg mass. 

a)   Draw the free-body diagram for 
this situation. 

2.  A 50 kg mass is hanging from two 
cables as shown.  

 

Assessment 

Break the force T into 
x and y components: 

b)  What is the force F in the cable 
connected to the wall? 

2.  A 50 kg mass is hanging from two 
cables as shown.  

 

Assessment 

Set the net force in both 

directions to zero. 

2.  A 50 kg mass is hanging from two 
cables as shown.  

 
b)  What is the force F in the cable 

connected to the wall? 

Assessment 

= 490 N 

2.  A 50 kg mass is hanging from two 
cables as shown.  

 

From the y equation: 

= 693 N 

b)  What is the force F in the cable 
connected to the wall? 

Assessment 

From the x equation: 

= 490 N 

= 490 N 

= 693 N 

2.  A 50 kg mass is hanging from two 
cables as shown.  

 
b)  What is the force F in the cable 

connected to the wall? 

Assessment 


