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✓ Equilibrium in Two Dimensions

✓ System Isolation and the Free-Body Diagram

✓ Equilibrium Conditions



When a body is in equilibrium, the resultant of all forces acting 

on it is zero. → Thus, the resultant force R and the resultant 

couple M are both zero, and we have the equilibrium equations:

Introduction



✓ The free-body diagram is the most important single step in the 

solution of problems in mechanics.

✓ The diagram shows all forces applied to the system by mechanical 

contact with other bodies, which are imagined to be removed.

✓ The following Table shows the common types of force application 

on mechanical systems for analysis in two dimensions.

System Isolation and the Free-Body Diagram









Free-Body Diagram Exercises



Free-Body Diagram Exercises



Free-Body Diagram Exercises



✓ We defined equilibrium as the condition in which the resultant 

of all forces and moments acting on a body is zero.

✓ Stated in another way, a body is in equilibrium if all forces and 

moments applied to it are in balance.

✓ These requirements are contained in the vector equations of 

equilibrium, which in two dimensions may be written in scalar 

form as:

Equilibrium Conditions



Equilibrium Conditions



Exercises



Exercise – 1

Determine the magnitudes of the forces C and T, which, along 

with the other three forces shown, act on the bridge-truss joint.



Solution - Exercise – 1

𝒙
𝒚



Exercise – 2

The uniform 100-kg “I-beam” is supported initially by its end rollers

on the horizontal surface at A and B. By means of the cable at C it is

desired to elevate end B to a position 3 m above end A. Determine the

required tension P, the reaction at A, and the angle made by the beam

with the horizontal in the elevated position.

I-beam



Solution - Exercise – 2

F. B. D.



Exercise – 3

Determine the magnitude T of the tension in the supporting cable and 

the magnitude of the force on the pin at A for the jib crane shown. The 

beam AB is a standard 0.5-m “I-beam” with a mass of 95 kg per 

meter of length.



Solution - Exercise – 3

F. B. D.



Exercise – 4

Three cables are joined at the junction ring C. Determine the 

tensions in cables AC and BC caused by the weight of the 30-kg

cylinder.



Solution - Exercise – 4

F. B. D.



Exercise – 5





Exercise – 6
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Exercise – 7

Solution - Exercise – 7

The mass center G of the 1400 kg 

rear engine car is located as shown in 

the figure. Determine the normal 

force under each tire when the car is 

in equilibrium state any assumptions. 

F. B. D.
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Exercise – 8

Solution - Exercise – 8

Determine the magnitude P of the 

vertical force required to lift the 

wheelbarrow free of the ground at 

point B. The combined weight of 

the wheelbarrow and its load is 

240 lb with center of gravity at G.

F. B. D.
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Exercise – 9

If a 50-lb pull on the handle is required to 

pull the nail, calculate the tension T in the 

nail and the magnitude A of the force 

exerted by the hammer head on the block. 

The contacting surfaces at A are 

sufficiently rough to prevent slipping.

A block placed under the head of the claw hammer as shown greatly 

facilitates the extraction of the nail. 
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Solution - Exercise – 9

F. B. D.


