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CHAPTER-3 

Equilibrium of a Particle 

 
 

 

CHAPTER OBJECTIVES: 

■ To introduce the concept of the free-body diagram for a particle. 

■ To show how to solve particle equilibrium  problems  using   the 

 equations of equilibrium. 

 

 

3.1 Condition for the equilibrium of a particle. 

A particle is said to be in equilibrium if it remains at rest if originally at rest, or 

has a constant velocity if originally in motion. To maintain equilibrium, it is 

necessary to satisfy Newton's first law of motion which requires the resultant 

force acting on a particle to be equal to zero. This condition may be stated 

mathematically as:  

                                        Σ F = 0        …………. (3.1) 

 

Where ΣF is the vector sum of all the forces acting on the particle. 

 

3.2 The free body diagram 

A drawing that shows the particle with all the forces that act on it is called a 

free body diagram (FBD). 

We will consider a springs connections often encountered in particle equilibrium 

problems. 

 

Springs: If a linearly elastic spring of undeformed length l0 is used to support a 

particle, the length of the spring will change in direct proportion to the force 

F acting on it, Fig 3.1. A characteristic that defines the elasticity of a spring is 

the spring constant or stiffness k. The magnitude of force exerted on a linearly 

elastic spring is stated as: 
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                                                       F = k s 

Where: 

 

s = l - l0, measured from its unloaded position. 

 

 

 

Cables and Pulleys: All cables (or cords), unless otherwise 

mentioned, will be assumed to have negligible weight and they 

cannot stretch. Also, a cable can support only a tension or 

“pulling” force, and this force always acts in the direction of the 

cable. It will be shown that the tension force developed in a 

continuous cable which passes over a frictionless pulley must have 

a constant magnitude to keep the cable in equilibrium. Hence, for 

any angle u, shown in Fig. 3–2 , the cable is subjected to a 

constant tension T throughout its length.  
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3.3 Coplanar Force Systems 

If a particle is subjected to a system of coplanar forces that 

lie in the x–y plane, as in Fig. 3–4 , then each force can be 

resolved into its i and j components. For equilibrium, these 

forces must sum to produce a zero force resultant, i.e., 

                                              Σ F = 0 

                                           ΣFx i + ΣFy j = 0 

For this vector equation to be satisfied, the resultant force’s x and y components 

must both be equal to zero. Hence, 

                                        

These two equations can be solved for at most two unknowns, generally 

represented as angles and magnitudes of forces shown on the particle’s free-body 

diagram. 

Note: When applying each of the two equations of equilibrium, we must account 

for the sense of direction of any component by using an algebraic sign which 

corresponds to the arrowhead direction of the component along the x or y axis. It is 

important to note that if a force has an unknown magnitude, then the arrowhead 

sense of the force on the free-body diagram can be assumed. Then if the solution 

yields a negative scalar, this indicates that the sense of the force is opposite to that 

which was assumed. 

 

 

 

 

 

 

 

ΣFx = 0   and   ΣFy = 0          …….(3–3) 
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ΣFx = 0 

ΣFy = 0 

ΣFz = 0 

3.4 Three-Dimensional Force Systems 

In Section 3.1 we stated that the necessary and sufficient 

condition for particle equilibrium is:  

 

ΣF = 0        ………… (3–4) 

 

In the case of a three-dimensional force system, as in Fig. 

3–9 , we can resolve the forces into their respective i, j, k 

components, so that:  ΣFxi + ΣFy j + ΣFzk = 0. To satisfy 

this equation we require: 

  

                                       ….…. (3–5) 

                                                                       

 

 

These three equations state that the algebraic sum of the components of all the 

forces acting on the particle along each of the coordinate axes must be zero. Using 

them we can solve for at most three unknowns, generally represented as coordinate 

direction angles or magnitudes of forces shown on the particle’s free-body diagram. 
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